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Table 1
Soluble sugar accumulation in pea seeds
Soluble carbohydrate accumulation in seeds [ug/mg FW]
(sugars contents converted to dry weight [ug/mg DW])
Oskar HM-6
Carbohydrate mature seeds mature seeds
Y 10 DAF (38 DAF) 10 DAF (38 DAF)
Fructose 0.108 (0.632) 0.020 (0.053) 0.212 (1.587) 0
Glucose 0.205 (1.232) 0.084 (0.197) 0.631 (4.728) 0
Myo-inositol 1.657 (9.847) 2.001 (4.470) 2.201 (16.504) 1.748 (2.723)
Sucrose 25.253 (147.900) | 26.949 (87.494) | 27.751 (208.643) | 28.771 (52.445)
Maltose 0.411 (2.403) 0 0 0
Galactionol 0.033 (0.191) 1.834 (3.780) 0.026 (0.201) 1.150 (1.812)
Gal-cyclitols 0.100 (0.587) 2.760 (6.156) 0.049 (0.375) 1.766 (3.018)
Raffinose 0.119 (0.697) 22.270 (48.502) 0.041 (0.320) 11.081 (17.532)
Stachyose 0 69.557 (143.688) 0 35.195 (54.195)
Verbasose 0 27.341 (65.790) 0 26.429 (50.749)
Raffinose/sucrose 0.005 (0.005) 0.083 (0.55) 0.001 (0.001) 0.38 (0.33)
Total soluble
sugar acumulation | 27.886 (163.488) |152.982 (360.130) | 30.911 (232.358) | 106.140 (182.474)

In the seeds of many plant species, the highest monosaccharide concentra-
tions are observed at the early stages of embryo development, while trace
amounts of monosaccharides are found in mature seeds (SANCHEZ-ROMERO et
al. 2002). The results of the existing research suggest that mature pea seeds
contain no reducing sugars (GORECKI and OBENDORF 1997), yet certain
varieties demonstrate small quantities of fructose and glucose (GORECKI et al.
2000). The results of this study confirm the above observations. Monosac-
charides were not found in the mature seeds of var. HM-6, while trace
amounts of reducing sugars were determined in Oskar seeds (around 0.07%)
— Table 1. Fluctuations in total glucose and fructose concentrations were also
noted during the maturation of zygotic embryos (Figure 1). The seeds of
other legume species, such as lupine, are marked by low glucose levels
(GORECKI et al. 1997). In normal, dicotyledonous embryos of var. Oskar,
reducing sugars had an estimated 8.70% share, whereas in var. HM-6, the
total concentrations of fructose and glucose accounted for 9.46% of all
determined sugars (Table 2). In irregular, monocotyledonous embryos of var.
Oskar, monosaccharide concentrations were very high at 43% and 100% of
total soluble sugars. The above can probably be attributed to the physiologi-
cal immaturity of embryos.
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Myo-inositol was found in both the normal and abnormal somatic embryos
of var. HM-6, whereas in var. Oskar it was determined solely in dicotyledonous
embryos (Table 2). In comparison with zygotic embryos (1.64% to 7.12%
soluble sugars in var. HM-6, and 1.31% to 5.94% in var. Oskar), regularly
shaped somatic embryos were characterized by elevated levels of myo-inositol
(12.62% and 14.35% soluble sugars, respectively). Despite relatively high
myo-inositol concentrations in somatic embryos, galactosyl derivatives of this
compound were not observed in noticeable amounts (galactinol was found
solely in the dicotyledonous embryos of var. Oskar). According to GORECKI et
al. (2000), the zygotic embryos of pea seeds contain 1.65% to 3.08% inositol and
other cyclitols. In a study of maturing soybean seeds, Obendorf et al. (1998)
observed that myo-inositol concentrations decrease with an increase in galac-
tinol levels. Higher myo-inositol concentrations were observed in in vitro-
matured zygotic embryos. This could suggest that elevated myo-inositol levels
in somatic embryos are a characteristic feature of in vitro cultures. ZUR et al.
(2002) reported that the active uptake of myo-inositol from the medium by
explant cells increased during the initiation of organogenesis in rapeseed
cultures. An increased uptake of myo-inositol could testify to its key role in
plant metabolism, such as signal transduction and resistance to stress (Lo-
EWUS and MURTHY 2000).

Raffinose was the only raffinose family oligosaccharide detected in the
dicotyledonous somatic embryos of both studied varieties. Raffinose content in
var. Oskar and HM-6 was 9.67% and 2.91%, respectively. Raffinose levels in
seeds also varied between the varieties (Table 1). In mature zygotic embryos,
the raffinose to sucrose ratio was determined at 0.38 and 0.83 in var. HM-6 and
Oskar, respectively. The values of the above ratio were very low in somatic
embryos, reaching around 0.15 in var. Oskar and 0.04 in var. HM-6. Sucrose
and raffinose also had a varied share of the total soluble sugar content. In
mature zygotic embryos, sucrose proportions were determined at 0.28 in var.
HM-6 and 0.24 in var. Oskar. In HM-6 somatic embryos, the sucrose to soluble
sugars ratio reached 0.75, 0.77 and 0.79 for dicotyledonous, monocotyledonous
and irregular embryos, respectively. In Oskar somatic embryos, the above ratio
was determined at 0.65, 0.52 and 0 for dicotyledonous, monocotyledonous and
irregular embryos, respectively. The raffinose to soluble sugars ratio reached
0.09 and 0.13 in mature zygotic embryos, and 0.03 and 0.09 in dicotyledonous
embryos of var. HM-6 and Oskar, respectively. The absence of RFOs in
monocotyledonous and irregular embryos could result from low myo-inositol
levels (LOEWUS and MURTHY 2000). The raffinose to sucrose ratio in the above
embryos was also low, suggesting that the produced somatic embryos did not
reach physiological maturity.
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Conclusions

The results of this study indicate that somatic embryos contain high levels
of soluble sugars, such as sucrose, myo-inositol, raffinose and monosacchar-
ides. Contrary to zygotic embryos, the presence of stachyose and verbascose
was not noted in somatic embryos.

High sucrose levels in somatic embryos probably resulted from the pres-
ence of sucrose in the culture medium.

Monocotyledonous somatic embryos and irregular embryos were character-
ized by a different sugar profile than normal somatic embryos and seeds.

It can be concluded that selected developmental defects observed in somatic
embryos (number of cotyledons) could be attributed to growing conditions and
the accumulation of monosaccharides and raffinose family oligosaccharides.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 5.10.2010
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Abstract

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
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Amofosmag 4. The tested crop was spring wheat cv. Eta.

The application of Amofosmag 4 significantly increased the yield of spring wheat grain and
straw. The concentrations of the analyzed macronutrients in wheat were similar in all fertilization
treatments, thus pointing to a comparable effect of the applied fertilizers. More pronounced
differences in the chemical composition of wheat plants were observed between successive years of
the study. The highest total uptake of nitrogen, phosphorus, calcium and magnesium by spring wheat
was noted in plots fertilized with Amofosmag 4, which indicates that the nutrients contained in this
product were more readily available to plants.
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Abstrakt

Celem pracy byla ocena wplywu zastosowanych nawozéw wielosktadnikowych mieszanych na
plon, zawarto$¢ i pobranie makroskladnikéw przez pszenice jara. Trzyletnie doé§wiadczenie polowe
(2005-2007) przeprowadzono w Zakladzie Dydaktyczno-Do§wiadczalnym w Tomaszowie nalezacym
do Uniwersytetu Warminsko-Mazurskiego w Olsztynie. Do§wiadczenie, zalozone metoda losowanych
blokéw, obejmowalo trzy obiekty nawozowe w czterech powtérzeniach: obiekt kontrolny (nawozy
jednoskladnikowe), Amofosmag 3 i Amofosmag 4. Rosling testowana byla pszenica jara odmiany Eta.

Z przeprowadzonych badan wynika, ze nawozenie Amofosmagiem 4 mialo istotny wplyw na
zwiekszenie plonu ziarna i slomy pszenicy jarej. Zawarto$é badanych makroskladnikéw w pszenicy
w poszczegblnych obiektach nawozowych byla zblizona, a zastosowane nawozy wykazywaly dzialanie
rownorzedne. Wieksze zréznicowanie w skladzie chemicznym badanej rosliny wystapilo miedzy
poszezegblnymi latami badan. Najwieksze 1gczne pobranie azotu, fosforu, wapnia i magnezu przez
pszenice jara stwierdzono w obiektach z Amofosmagiem 4. Swiadczy to o lepszej przyswajalnosei
skladnikéw pokarmowych z tego nawozu.

Introduction

Due to their balanced and complete composition, mixed fertilizers can meet
the specific nutrient requirements of each plant species and can be adjusted
properly to soil fertility, which is an important consideration in developing
fertilization programs. Multi-component fertilizers, which provide three pri-
mary macronutrients, N, P and K, and secondary nutrients, Mg, Ca, S and Na,
in varying proportions, are applied to correct magnesium deficiency in the soil
and to reduce sulfur emissions, thus preventing nutrient deficiency in plants
(FILIPEK 2001, FILIPEK-MAZUR, GONDEK 2005). A clear advantage of multi-
component fertilizers over simple fertilizers is that the former supply a combi-
nation of nutrients at a time (GLABISZ et al. 1992). Compound fertilizers
provide crops with essential nutrients in adequate amounts and proportions,
and they help prevent or reduce nutrient leaching (CZUBA 1998, ZAWARTKA,
SWIERAWSKA 2004a). The aim of this study was to determine the effect of mixed
multi-component fertilizers, Amofosmag 3 and Amofosmag 4, on spring wheat
yield, the content and uptake of macronutrients.

Materials and Methods

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, which com-
prised three fertilization treatments in four replications: control treatment
(simple fertilizers), Amofosmag 3 and Amofosmag 4, was established on proper
brown soil developed from sandy loam, of quality class III b and very good rye
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complex. The physicochemical properties of soil in each year of the study are
presented in Table 1. The tested crop was spring wheat (Triticum aestivum L.
mend) cv. Eta. The preceding plants were winter triticale in the first year, and
winter rapeseed in the following two years. Plot surface area was 10 m.

Table 1
Selected physicochemical properties of soil used in the experiment (mg kg™)
Available forms
Year pH w 1 M KCI P K Mg
2005 6.15 56.7 112.0 31.0
2006 7.20 112.9 145.3 25.0
2007 5.60 116.0 224.0 87.0

Based on the average levels of available phosphorus in the soil, 300 kg ha!
Amofosmag 3 (NPKMg 3:14:20:2 + 22% CaO + 9% SO;; 9 kg N, 18 kg P, 50 kg
K on pure ingredient basis) and Amofosmag 4 (NPKMg 4:15:15:2 + 24% CaO
+ 9% SOs;; 12 kg N, 20 P, 37 kg K on pure ingredient basis) were applied
pre-sowing. The nitrogen rate of 100 kg per ha was supplemented with two
doses of ammonium nitrate applied by top-dressing in all treatments, including
control. In the control treatment, the following fertilizers were applied pre-
sowing: 12 kg N in the form of urea, 45 kg P,05 (20 kg P) in the form of triple
superphosphate and 45 kg KsO (37 kg K) : ha™ in the form of potash salt.

Samples of spring wheat were collected at the stage of full maturity. The
grain and straw harvested in each plot was dried and weighed individually.
Wet mineralized samples were assayed for the content of: total nitrogen — by
the hypochlorite method, phosphorus — by the vanadium-molybdenum
method, calcium and potassium — by atomic emission spectrometry (AES), and
magnesium — by atomic absorption spectrometry (AAS). The results of chemi-
cal analyses were verified statistically by a two-factorial analysis of variance
for a randomized block design. The experimental factors were as follows:
a —fertilization, b — duration of the experiment. The least significant difference
was assumed at p = 0.05.

Results and Discussion
The distribution of air temperatures in 2005 differed insignificantly from

the long-term average (Table 2). Precipitation total in April was substantially
lower than the long-term average, which could have contributed to uneven
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emergence, whereas July was too wet. In 2006, mean monthly temperatures
were similar to the long-term average. The highest temperature was noted in
July. Precipitation levels differed considerably from the average values in July
and August. Precipitation total in July in August was over 2.5-fold lower and
nearly 2.5-fold higher, respectively, than the long period average, which made
harvest difficult. In 2007, air temperatures during the growing season were
slightly above the long-term average. July was wet, with a difference of 99.9
mm between mean monthly rainfall and the long period average. Weather
conditions could have affected the yield of spring wheat.

Table 2
Weather conditions in 2005-2007 - data provided by the Meteorological Station in Tomaszkowo
Mean daily temperature (°C) Precipitation total (mm)
Month 2005 | 2006 | 2007 [1970-2000 2005 | 2006 | 2007 [1970-2000
April 8.2 7.3 7.5 6.9 22.0 25.6 24.7 36.1
May 11.6 12.5 13.8 12.7 68.2 | 89.2 | 935 51.9
June 14.2 16.0 17.7 15.9 35.4 79.2 88.1 79.3
July 19.7 20.9 17.7 17.7 83.9 29.3 | 173.7 73.8
August 16.9 17.2 18.3 17.2 39.6 | 165.0 | 68.0 67.1
September 18.1 14.8 12.6 12.5 179 | 51.0 | 579 59.0

In the first year of the experiment (2005), the yield of spring wheat grain
ranged from 4.38 to 4.86 t ha™ , depending on the applied fertilizer (Table 3).
The highest average yield was attained in the treatment fertilized with
Amofosmag 4 — it was by 7.8% and 11% higher than in the control treatment
(simple fertilizers) and in the Amofosmag 3 treatment, respectively. In an
experiment with winter wheat conducted by SZTUDER (2007), multi-component
fertilizers had a more desirable yield-forming effect than simple fertilizers.
Different results were reported by STEPIEN and MERCIK (2001). In the present
study, wheat straw yield corresponded to grain yield. In 2006, the yield of
spring wheat grain varied between 6.14 and 6.50 t ha™, and it was considerably
higher (by 37% on average) than the value noted in 2005. This could have
resulted from favorable temperatures. Amofosmag 4 contributed to an increase
in the yield of wheat grain and straw, in comparison with the remaining
treatments. The lowest wheat grain yield was attained in 2007 — it was lower
by 13.3% and 37% than in 2005 and 2006, respectively. The above could be due
to less favorable weather conditions. Also in 2007 Amofosmag 4 had the most
beneficial influence on wheat grain yield, which was found to increase signifi-
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cantly (by around 15%), compared with the control treatment and the treat-
ment fertilized with Amofosmag 3. Wheat straw yield was affected by the
applied fertilizers to a lower degree.

Table 3
Spring wheat yield after the application of Amofosmag 4 and Amofosmag 3 (t ha™)
Grain Straw
Treatment 2005 | 2006 | 2007 |mean for a| 2005 | 2006 | 2007 |mean for a
NPK 4.51 6.22 | 3.80 4.85 5.33 8.55 | 5.90 6.59
Amofosmag 4 4.86 6.50 | 4.34 5.23 577 | 9.07 | 6.35 7.06
Amofosmag 3 438 | 6.14 | 3.76 4.76 544 | 848 | 5.85 6.59
Mean for b 4.58 6.29 3.97 - 5.51 8.70 6.03 -
LSD,—¢.05 for a 0.39 n.s.
b 0.42 0.71
a'b n.s. n.s.

Legend: a - fertilization, b — duration of the experiment

Amofosmag 4 increased the yield of spring wheat grain and straw by
approximately 8% and 10%, respectively, in comparison with the control
treatment. An increase in the yield of spring barley grain following the
application of mixed fertilizers was also reported by ZAWARTKA and SKWIERAW-
SKA (2004b), and by MAZUR et al. (2001).

The results of chemical analyses of spring wheat grain and straw, pres-
ented in Table 4, show that the concentrations of the analyzed macronutrients
varied insignificantly between fertilization treatments, and in most cases they
remained within normal limits (CZUBA 1996). Significant differences were
observed in this respect between successive years of the study. In the first year,
the grain of spring wheat contained significantly less nitrogen and significant-
ly more potassium and magnesium, compared with the values noted in the two
consecutive years. In the second year of the experiment, wheat grain contained
larger amounts of phosphorus and calcium than in the first and third year, and
larger quantities of nitrogen than in the first year. The above differences were
statistically significant. The highest nitrogen content (26.7 g kg d.m. on
average) of wheat grain was observed in 2007, and it was significantly higher
than in 2005 and 2006 (by 76% and 24%, respectively). Nevertheless, the
findings of numerous authors (KRZYwy et al. 2000, FILIPEK 2001, KRZYWY et al.
2001, MAZUR et al. 2001) suggest that multi-component fertilizers have an
insignificant effect on the macronutrient content of the tested plants.

Macronutrient uptake (kg per ha) was estimated based on the yield and
macronutrient content of spring wheat grain and straw. The highest nitrogen
ptake by wheat plants (177.19 kg N ha™) was noted in the second year of the
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Table 4
Macronutrient content of spring wheat after the application of Amofosmag 4 and Amofosmag 3
(g kg!dm.)
M ) - Grain Straw
acronufrient reatment o005 [ 2006 | 2007 |mean for « | 2005 | 2006 | 2007 |mean for a
NPK 15.8 | 21.6 | 25.6 21.0 6.2 | 4.0 | 4.6 4.9
Nitrogen Amofosmag 4 | 154 | 21.4 | 26.8 21.2 6.8 | 42 | 45 5.2
Amofosmag 3 | 14.1 | 21.7 | 27.6 21.1 6.5 | 4.2 | 49 5.2
Mean for b 15,1 | 21.6 | 26.7 6.5 | 4.1 | 4.7
LSD,—0.05 for a n.s. n.s.
b 1.07 0.79
a-b n.s. n.s.
NPK 42 | 5.7 | 2.6 4.2 0.5 1.1 0.9 0.8
Phosphorus Amofosmag 4 | 4.1 | 5.7 | 2.5 4.1 05 | 1.1 | 0.8 0.8
Amofosmag 3 | 4.2 | 59 | 2.6 4.2 06 | 1.1 | 0.8 0.8
Mean for b 42 | 58 | 2.6 05 | 11 ] 08
LSD,-0.05 for a n.s. n.s.
b 0.21 0.20
a-b n.s. n.s.
NPK 53 | 3.3 | 4.0 4.2 13.1 | 6.8 | 10.5 10.1
Potassium Amofosmag4 | 55 | 3.1 | 3.7 4.1 124 | 59 |11.1 9.8
Amofosmag 3 | 5.4 | 3.3 | 3.8 4.2 13.0 | 6.3 | 10.8 10.0
Mean for b 54 | 32 | 3.8 12.8 | 6.3 | 10.8
LSDp:().()5 for a n.s. n.s.
b 0.24 1.07
a-b n.s. n.s.
NPK 0.39 | 1.00 | 0.43 0.61 28 | 25 | 1.6 2.3
Calcium Amofosmag 4 | 0.45 | 1.01 | 0.45 0.64 28 [ 23 | 1.5 2.2
Amofosmag 3 | 0.40 | 1.02 | 0.44 0.62 25 |22 | 16 2.1
Mean for b 0.41 { 1.01 | 0.44 2.7 |1 23 | 16
LSD,—0.05 for a n.s. n.s.
b 0.05 0.42
a-'b n.s. n.s.
NPK 1.6 1.0 1.0 1.2 0.43 | 0.58 | 0.48 0.50
Magnesium Amofosmag4 | 1.6 | 1.0 | 1.0 1.2 0.41 | 0.55 | 0.48 0.48
Amofosmag 3 1.6 1.1 1.0 1.2 0.40 | 0.56 | 0.46 0.47
Mean dla b 1.6 | 1.0 | 1.0 0.41 | 0.56 | 0.47
LSD,-0.05 for a n.s. n.s.
b 0.05 0.09
a-b n.s. n.s.

Explanations as in Table 3

experiment, following the application of Amofosmag 4. Nitrogen uptake was
correlated with wheat yield (Table 5). Phosphorus uptake levels were compar-
able in all treatments, and they were found to increase in plots fertilized with
Amofosmag 4. Phosphorus uptake varied between years, reaching the highest
level in 2006 (44.85 to 47.02 kg P ha™!) when the highest yield of wheat grain
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Table 5
Nutrient uptake by spring wheat grain and straw (kg ha™)
Treatment Nitrogen Phosphorus Potassium Calcium Magnesium
2005
NPK 104.6 214 94.4 16.8 9.4
Amofosmag 4 1144 22.7 98.3 18.3 10.1
Amofosmag 3 96.9 21.5 944 15.3 9.2
2006
NPK 168.5 44.8 78.7 27.6 11.2
Amofosmag 4 177.2 47.0 73.7 27.4 11.5
Amofosmag 3 174.8 45.5 73.7 24.8 11.5
2007
NPK 124.4 16.0 87.0 11.1 6.6
Amofosmag 4 130.4 15.9 86.5 11.5 7.4
Amofosmag 3 1324 14.4 77.5 11.0 6.4
500
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100 |.3975 404.1
~ 300 -H
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Fig. 1. Total macronutrient uptake by spring wheat over a three-year experimental period

and straw was obtained, and the lowest (around three-fold lower than in the
preceding year) in 2007. A similar, albeit less pronounced, relation was
observed with regard to the uptake of calcium and magnesium, which was
highest after the application of Amofosmag 4. Potassium uptake by wheat
plants was in the range of 73.66-98.27 kg K ha™'. The highest potassium
uptake was reported in the first year of the experiment in the Amofosmag
4 treatment, and it was related to the high concentrations of this element in
wheat grain and straw. In the long term, simple fertilizers improved potassium
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uptake by spring wheat (Figure 1). The highest total uptake of nitrogen,
phosphorus, calcium and magnesium by spring wheat (mean values of three
years) was noted in plots fertilized with Amofosmag 4, which indicates that the
nutrients contained in this product were more readily available to plants.
STEPIEN and MERCIK (2001), SWIERCZEWSKA and SZTUDER (2006), and SZTUDER
(2007) demonstrated 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 wheat yield
— the application of this fertilizer enabled to increase grain yield by 9% on
average, in comparison with the remaining treatments.

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

3. The highest total uptake of nitrogen, phosphorus, calcium and mag-
nesium by spring wheat was noted in plots fertilized with Amofosmag 4, which
indicates that the nutrients contained in this product were more readily
available to plants.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 9.09.2010
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Abstrakt

W doswiadczeniu badano wplyw zaprawy fungicydowej Raxil 060 FS na plon ziarna, inten-
sywno§¢ fotosyntezy i transpiracji oraz zdrowotno$¢ ziarna owsa oplewionego odmiany Flamin-
gsstern. W badaniach wykazano korzystny wplywu zaprawy Raxil 060 FS na plon ziarna owsa
i niektoére elementy struktury plonu. Wskazniki wymiany gazowej (fotosynteza i transpiracja
molowa) pod wplywem badanego czynnika nie ulegly zréznicowaniu w pierwszym roku badan.
W drugim roku eksperymentu wykazano natomiast korzystny wplyw tebukonazolu na badane
parametry wymiany gazowej. Zaprawa nasienna Raxil 060 FS wplynela na obnizenie liczebnosci
Fusarium spp. na ziarnie owsa, nie stwierdzono za$ jednoznacznego wplywu zaprawy w przypadku
pozostalych gatunkéw grzyb6éw. Nie wykazano wyraznego zréznicowania w zawartosci frakeji biatek
pod wplywem badanego czynnika.

Introduction

Owing to its chemical composition, oat grain has a high dietary value and
health-promoting properties. Oat grain contains proteins with balanced amino
acid levels, high concentrations of unsaturated fatty acids, water-soluble
beta-glucans and antioxidants (BARTNIKOWSKA et al. 2003). Cereal grains
intended for human consumption should be characterized by high quality and
be free from pathogens that cause contamination and produce mycotoxins,
thus posing a health risk for humans and animals (MIELNICZUK 2001).

According to ZAWISLAK and ADAMIAK (1998), oat is a cereal crop with
relatively low fungicide requirements, while JANCZAK (1999) demonstrated
that seed dressing is recommended as an effective protective measure against
pathogens colonizing seeds and the soil environment. KORBAS and KUBIAK
(2000) also reported that seed dressing is an important consideration in spring
cereals due to the high rates of seedling infections responsible for yield
decrease. According to ROZEK and WNUK (1994), plant protection products
have a minor phytotoxic effect on crops, and they significantly inhibit disease
incidence and maximize seed yield.

The following research problems were formulated in the present study: is
seed dressing treatment justified? What is the effect of seed dressing treatment
on the productivity and health of oat grain? The objective of this study was to
determine the effect of the seed dressing fungicide Raxil 060 F'S on the yield,
yield components, selected gas exchange parameters, health status and the
content of protein fractions in husked oat grain cv. Flamingsstern.

Materials and Methods

A large-area experiment was carried out at the Production and Experimen-
tal Station in Balcyny (NE Poland) in 2005 and 2006. The experimental
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material consisted of husked oat grain cv. Flamingsstern. The investigated
parameters were determined in four replications per each treatment with an
area of 20 m2. The seeds were divided into two groups:

1. seeds treated with the fungicide Raxil 060 FS (tebuconazole)

2. untreated seeds.

The scope of the study was as follows:

1. Determination of the key biometric parameters of oat plants (plant
height, number of grains per panicle, TGW) and grain yield per hectare at 15%
moisture content.

2. Determination of gas exchange parameters.

Gas exchange parameters were determined using a LI-COR 6400 portable
gas analyzer. The studied indicators (photosynthesis and molar transpiration
rates) were determined at a fixed CO; concentration of 400 ppm and light
intensity of 1000 umol m=2 s™!. The photon source was a LED Light Source
lamp emitting light with the main peak spectrum at 670 nm and the second
peak at 465 nm. Measurements were carried out at the following growth
stages: I — at the stem elongation stage, II — beginning of heading stage, III — at
the flowering stage (at the highest, fully developed leaf). The noted values were
registered, the measurements were carried out in five replications, and the
presented results contain average values.

3. Determination of the health status of oat grain by traditional methods.

The harvested oat grain was subjected by a mycological analysis using the
artificial culture method. A phytopathological evaluation by the artificial
culture method was carried out on 100 randomly selected kernels which were
rinsed with water and surface disinfected with 70% ethanol and 1% sodium
oxochlorate. The kernels were placed on Petri dishes with solidified PDA. The
cultures were incubated for 7-10 days at a temperature of 20-24°C. Fragments
of the emerged mycelia were transferred onto PDA slants. The fungi colonizing
oat kernels were identified to genus and species by traditional microscopic
observation, based on the available monographs (ELLIS 1971, GILMAN 1957,
KWwASNA et al. 1991).

4. Determining the content of protein fractions in oat grain.

A 3 g seed sampled was ground in the IKA A10 (Labortechnik) analytical
mill, and the resulting particles were passed through a sieve with 400 ym mesh
size (particles smaller than 250 um ether had a 90% share). The solvent was
evaporated, 100 mg of the powdered seeds was placed in Eppendorf test tubes,
and three protein fractions were extracted according to the method proposed
by WIESER et al. (1998):

1. albumins + globulins — 1 ¢m? of the mixture (0.4 mol/LL NaCl + 0.067
mol/LL HKNaPO, with pH of 7.6) was extracted in two replications;

2. prolamin — 1 ecm? of the mixture (60% ethanol) was extracted in three
replications;
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3. glutelins — 1 cm?® of the mixture (50% propanol-1 + 2 mol/L urea + 0.05
mol/L Tris HCI with pH of 7.5) was extracted with 1% DTE under nitrogen, in
two replications.

The first two protein fractions were extracted at room temperature using
the Eppendorf thermomixer (10-minute extraction). Glutelins were extracted
in the thermomixer at 60°C. After each extraction, proteins were centrifuged at
11000 x g. The collected fractions were freeze-dried, dissolved in 2 cm? of the
corresponding phase (1-3), purified using the Spartan-3NY 0.45 um filter and
transferred to glass vials. Protein fractions were identified using the Hewlett
Packard Agilent 1050 HPLC with the following parameters: RP-18 Vydac
218TPP54 column, 5 um, 250 x 4,6 mm, Zorbax 3000SB-C18 precolumn, 4.6
x 12.5 mm, column temperature — 45°C, mobile phase flow rate — 1 ml/min,
injection volume — 20 ul. The separation was performed using a two-component
gradient. Share of component A: 0 min 75%, 5 min 65%, 10 min 50%, 17 min
25%, 18 min 15%, 19 min 75% (the first component, A, was water with the
addition of 0.1% TFA, the second component, B, was ACN with the addition of
0.1% TFA). A HP detector was applied at a wavelength of 210 nm. The results
were analyzed using the Hewlett Packard HPLC 3D Chem Station application.
Protein fraction analyses were carried out at the Department of Plant Raw
Materials Processing and Chemistry, Faculty of Food Sciences at the Univer-
sity of Warmia and Mazury in Olsztyn.

5. Statistical analysis

The results were processed statistically in STATISTICA software, version
6 (StatSoft, Inc. 2003), using an analysis of variance. Differences between
means were determined at a significance level of p = 0.05 for grain yield and
biometric parameters, and at p = 0 01 for photosynthesis and molar transpira-
tion rates. The mean values of the investigated parameters were classified into
uniform groups with the use of Fisher’s test.

Results and Discussion

A significantly higher oat grain yield was noted in the treatment where
seeds were dressed with the fungicide Raxil 060 F'S (Table 1). The harvested
grain was marked by high TGW and a higher number of grains per panicle
(Table 1). The use of tebuconazole had no significant effect on plant
height.

SWIDERSKA-OSTAPIAK and STANKOWSKI (2006) found that the seed dressing
fungicides Sarfun 500 SC (carbendazim) and Dithane 75 WG (mancozeb) had
an insignificant influence on oat yield, compared with the control treatment.
The difference in yield levels between both treatments was small, at 1 dt ha™,
which suggests that oat did not respond to seed dressing. The cited authors
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Table 1
Selected biometric parameters of husked oat (means of 2005-2006)
Th
. Plant height Number ousapd Seeds yield
Cultivar Treatment of seeds seeds weight -
[em] . [t ha™]
per panicle (gl
Flémingsstern seeds dressed 79.6° 56.5° 36.4° 5.6°
seeds undressed 80.5¢ 41.1¢ 31.5° 5.1¢

Homogeneous groups a, ab, b, according Fisher’s LSD test

also demonstrated that yield components were not affected by fungicide seed
treatment. In a study by SzuMIt.0 and RACHON (2006), the applied protection
levels had no significant effect on oat grain yield, although intensive chemical
protection contributed to a 9.2% increase in productivity. The above authors
also reported that intensive plant protection measures caused a significant
increase in panicle density regardless of cultivar, whereas different levels of
chemical protection had a minor effect (within the limits of statistical error) on
the number and weight of grains per panicle and TGW.

Apart from the significant impact of seed dressing with tebuconazole on the
total oat yield and yield components, the results of this study point also to
positive correlations between yield and the number of grains per panicle
(correlation coefficient R = 0.58) — Figure 1a, between yield and plant height
(R = 0.38) - Figure 1b, and between plant height and the number of grains per
panicle (R = 0.39) — Figure 1lc.

The applied fungicide did not affect the studied gas exchange parameters
in the first year of the study (Table 2). In the second year, Raxil 060 FS
caused a significant increase in photosynthesis and transpiration rates at the
stem elongation stage and at the beginning of heading (Table 3).
PszczOrKOWSKA (2008) and OLSZEWSKI (2004) who investigated the response
to fungicides in winter wheat cv. Kris at various growth stages and in faba
bean grown under field and greenhouse conditions, respectively, observed no
significant effect of plant protection chemicals on gas exchange parameters in
the studied crops.

No significant correlations between the rate of photosynthesis and oat
yield were observed in the present study (Figure 1d). As demonstrated by
PALA (2002), high photosynthetic efficiency is not always accompanied by
high yield potential. Such relationships have been shown for potatoes,
soybeans and wheat (PALA 2002). In this experiment, there was a negative
correlation between molar transpiration and oat yield (Figure le). A higher
yield was obtained from plants characterized by a lower rate of transpiration,
and a lower yield — from plants with high transpiration efficiency.
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Fig. 1. Linear regresion betwen: a — seeds yield and number of seeds per penicle; b — seeds yield and
plant height; ¢ — number of seeds per penicle and plant height; d — seeds yield and photosynthesis;
e — seeds yield and transpiration

Table 2
Gas exchange parameters of husked oat in 2005
Photosynthesis Transpiration
Cultivar Treatment (umol COym2s7") (mmol H,Om2s™?)
I II II1 I II IIT
Flimi Seeds dressed 17.954 | 15.62% | 16.574 | 6.024 | 10.00* | 6.85%
Amingssterm Seeds undressed | 16.95% | 17.25 | 17.554 | 6.574 | 11.124 | 8.224

I - measurement of gas exchange parameters at the stem elongation stage; II - measurement of gas
exchange parameters beginning of heading stage; III - measurement of gas exchange parameters at

the flowering stage
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Table 3
Gas exchange parameters of husked oat in 2006
Photosynthesis Transpiration
Cultivar Treatment (umol CO;m—2s7") (mmol H,Om=2s™)
I II III I II IIT

Seeds dressed 13.954 | 14.05* | 23.65% | 5.524 | 5.26% | 6.46%
Seeds undressed 11.30% | 10.38% | 24.004 | 3.45% | 2.87% | 6.414

I - measurement of gas exchange parameters at the stem elongation stage; II — measurement of gas
exchange parameters beginning of heading stage; III - measurement of gas exchange parameters at
the flowering stage

Flamingssterm

Oat grain samples from both treatments were characterized by similar
fungicide infection levels (Table 4 and Table 5). The predominant species was
Alternaria alternata, whereas toxin-producing fungi of the genus Fusarium
were represented by single isolates of Fusarium poae and Fusarium
avenaceum. It should be stressed that oat grain harvested in the treatment
where seeds were dressed with fungicide showed a lower degree of coloniz-
ation by Fusarium spp. (Table 4 and Table 5). MIELNICZUK (2001) and
KIECANA et al. (2005) also reported the presence of Fusarium avenaceum and
Fusarium poae on oat grain. KIECANA et al. (2005) found that Fusarium poae
greatly contributed to fusariosis on oat panicles and grain infection. Accord-
ing to JANCZAK (1999), KORBAS and KUBIAK (2000), seed dressing fungicides
effectively protect seedlings against pathogens colonizing seeds and the soil
environment. In a study by BURGIEL. and PISULEWSKA (2003), the predomi-
nant fungal species on oat kernels were Alternaria alternata, Epicoccum
purpurascens, Penicillium spp. and Fusarium culmorum.

Table 4
Number of fungal isolates in husked oat seeds cv. Flamingssterm in 2005
Fungal specied | Seeds dressed |Seeds undressed
Species of the genus Fusarium
Fusarium avenaceum (Fr.) Sacc. 1
Fusarium poae (Peck) Wollenw. -
Total 1
Other fungal species
Alternaria alternata Keissler Nees 42 44
Cladosporium cladosporioides (Fres) de Vries - 3
Drechslera sorokiniana (Sacc.) Subram. and Jain 1 -
Epicoccum purpurascens Ehrenberg 16 11
Penicillium ssp. 1 1
Total 60 59
Total isolated fungi 61 62
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Table 5

Number of fungal isolates in husked oat seeds cv. Flamingssterm in 2006

Fungal specied Seeds dressed |Seeds undressed
Species of the genus Fusarium
Fusarium avenaceum (Fr.) Sacc. - 3
Fusarium poae (Peck) Wollenw. 1 1
Fusarium spp. - 1
Total 1 3
Other fungal species
Alternaria alternata Keissler Nees 42 45
Cladosporium cladosporioides (Fres) de Vries 4
Bipolaris sorokiniana (Sacc.) Shoemaker 5
Epicoccum purpurascens Ehrenberg 16 10
Penicillium ssp. 4 1
Total 66 65
Total isolated fungi 67 70

As demonstrated by the results of this experiment, fungicide treatment
had no significant effect on the content of the investigated protein fractions
(albumins+globulins, prolamin and glutelins) in control and experimental
oat grain samples (Table 6).

Table 6
Content of protein fractions in of husked oat seeds cv. Flamingssterm (calculated as mAU-"s)
Treatment Albumins +globulins Prolamins Glutelins
Seeds undressed 34 075 17 910 12 844
Seeds dressed 33 268 17 722 13 596
Conclusions

1. Raxil 060 F'S had a beneficial influence on the total oat grain yield and
selected yield components.
2. Gas exchange parameters were not affected by the experimental factor
in the first year of the study, whereas in the second year tebuconazole was
found to exert a positive effect on the analyzed parameters.
3. Raxil 060 FS contributed to a decrease in the abundance of Fusarium
spp. on oat grain, but it had varying effects on the remaining fungal species.

Translated by ALEKSANDRA POPRAWSKA
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Abstract

The experiment was performed on 48 crossbred ( @ Polish Landrace x o"Duroc) finishing pigs
divided into three feeding groups: group I (control) — fed a cereal-soybean diet (diet 1), group II - fed
a diet containing 15% oat bran and 3% soybean oil (diet 2), group III - fed a diet containing 30% oat
bran and 5% soybean oil (diet 3). The pigs were kept in straw-litter pens (two animals, one gilt and
one barrow, in each), and they were fed ad libitum from 70 to 110 kg live weight. A second-stage diet
containing 30% oat bran and 5% soybean oil (group III) significantly decreased average daily weight
gains and feed conversion efficiency, compared with control group I and group II. Different feeding
had no significant effect on the lean meat and fat content of carcasses and the proximate chemical
composition of meat. Diet supplementation with oat bran and soybean oil contributed to a significant
increase in alpha-linolenic acid concentrations in the lipids extracted from m. longissimus dorsi
(m.l.d.). The higher content of crude fiber and crude fat in diets resulted in a highly significant
increase in HDL concentrations and a significant increase in triacylglycerol levels in the blood serum
of pigs, yet it had no influence on total cholesterol levels in meat (m.l.d.) and liver samples.
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Abstrakt

Do do$wiadczenia uzyto 48 tucznikéw mieszancow (@ polska biala zwistoucha x o duroc)
podzielonych na 3 grupy zywieniowe: I (kontrolng) — zywiong mieszanka (1) zbozowo-sojowa, II
- zywiona mieszankg (2) z udzialem 15% otrab owsianych i 3% oleju sojowego, III — zywiong
mieszanka (3) z udzialem 30% otrab owsianych i 5% oleju sojowego. Swinie utrzymywane byly
w kojcach $ciotowych (po 2 szt., 1 loszka i 1 wieprzek), zywiono je do woli, a tucz obejmowat
przedzial masy ciala 70-110 kg. Zywienie tucznikéw w drugim okresie tuczu mieszanka z udziatem
30% otrab owsianych i 5% oleju sojowego (gr. III) wplynelo na istotne obnizenie ich §rednich
dziennych przyrostéw masy ciala oraz istotne pogorszenie wykorzystania paszy, w poréwnaniu
z grupg kontrolng (I) i II. Zréznicowane zywienie badanych tucznikéw nie wywarlo jednak istotnego
wplywu na miesnoS§é i ottuszczenie pochodzacych od nich tusz oraz na podstawowy sktad chemiczny
miesa. Wprowadzenie otrab owsianych i oleju sojowego do diet spowodowalo istotne zwiekszenie
udzialu kwasu linolenowego w tluszczu mie$nia najdluzszego grzbietu (m.l.d.). Podwyzszenie
zawarto$ci widkna surowego i ttuszezu surowego w mieszankach wptynelo takze na wysoko istotny
wzrost koncentracji HDL i istotny wzrost poziomu triacylogliceroli w surowicy krwi badanych §win,
jednak nie mialo wplywu na poziom cholesterolu caltkowitego w miesie (m. longissimus dorsi) oraz
watrobie.

Introduction

Recent years have witnessed an increasing interest in food products of
animal origin that satisfy human nutritional requirements and provide health
benefits. Numerous research studies have been conducted with the aim to
lower cholesterol levels and increase the concentrations of unsaturated fatty
acids in meat. The enrichment of muscle tissue lipids with polyunsaturated
fatty acids, particularly n-3 PUFAs, improves the nutritional quality of pork.
The inclusion of vegetable oils in diets for growing-finishing pigs contributes to
an increase in PUFA concentrations in tissues (BAROWICZ, PIESZKA 2001, DAZA
et al. 2005, APPLE et al. 2009), and the observed changes are determined by the
amount of vegetable oil added to feed (BAROWICZ et al. 2000, REALINI et al.
2010). Research results suggest that feeding unsaturated fatty acids to pigs
may reduce the total cholesterol content of muscles, depot fat (BAROwWICZ 2000,
MIGDAL et al. 2005) and blood serum (BAROWICZ, PIETRAS 1998, RAMJIGANESH
et al. 2002).

According to many authors, the quantity and quality of dietary fiber may
affect the fatty acid composition of meat lipids and cholesterol metabolism
(FERNANDEZ 1995, BAROWICZ et al. 1998). Short-chain fatty acids, produced
during the microbial fermentation of fiber in the lower gastrointestinal tract,
are almost entirely absorbed into the hepatic portal vein and transported to the
liver. Due to their effect on the reduction of enzymes involved in cholesterol
synthesis, short-chain fatty acids may affect lipid metabolism (CAMERON-
-SMITH et al. 1994, LEVRAT et al. 1994). KRITCHERSKY (1997) demonstrated that
crude fiber, in particular its soluble fractions, is capable of binding bile acids,
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thus limiting their absorption in the digestive system. DEMIGNE et al. (1995)
studied isolated hepatic cells in rats and found that propionic acid inhibited
cholesterol synthesis in the liver.

The objective of this study was to determine the effects of different
inclusion levels of crude fiber and crude fat in complete diets for finishing pigs
on production results, the fatty acid content of m. longissimus dorsi, and
selected blood and liver lipids.

Materials and Methods

The experiment was conducted at the research laboratory of the Depart-
ment of Pig Breeding, University of Warmia and Mazury in Olsztyn. The
experimental materials comprised three second-stage complete diets for finish-
ing pigs. Control diet 1 was composed of soybean meal, ground barley, ground
wheat, mineral and vitamin supplements. Experimental diets 2 and 3 were
supplemented with 15% and 30% oat bran, respectively, and their energy level
was raised to reach the targeted level by the addition of 3% and 5% soybean oil,
respectively. The diets were supplemented with synthetic amino acids (lysine,
methionine), in accordance with the Pig Nutrient Requirements (1993). Diet
composition is presented in Table 1.

Table 1
Composition of experimental diets [%]
Diets
Specification 1 9 3
Ground wheat 40.00 20.00 20.00
Ground barley 41.94 40.95 22.91
Soybean meal 13.50 16.50 17.50
Oat bran - 15.00 30.00
Dicalcium phosphate 1.50 1.50 1.50
Limestone 1.00 1.00 1.00
Grower premix 1.50 1.50 1.50
NaCl 0.30 0.30 0.30
Soybean oil - 3.00 5.00
L-lysine 0.24 0.21 0.23
DL-methionine 0.02 0.04 0.06

The experiment was performed on 48 crossbred (¢ Polish Landrace
x o”"Duroc) finishing pigs with average initial body weight of 71.2 kg, selected
from our own herd, divided into three feeding groups by the analogue method.
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The pigs were kept in straw-litter pens (two animals, one gilt and one barrow,
in each). Feed was provided ad libitum, in pelleted form, from automatic
feeders. The animals had free access to water from automatic drinkers. Feed
intake was monitored and registered daily. The pigs were weighed at two-week
intervals. Blood samples were collected from the jugular vein before slaughter.

The animals were slaughtered at body weight of approximately 110 kg.
Right half-carcass dissection was carried out as recommended by the Pig
Testing Station. Samples of m. longissimus dorst (m.l.d.) and liver were also
collected. The proximate chemical composition of meat was determined,
including the content of dry matter, total protein and ether extract, in
accordance with the AOAC (1990). The fatty acid composition of lipids
extracted from m.l.d. was determined using a PV-4600 gas chromatograph
with a flame ionization detector (FID) and a capillary column (30 m x 0.32 mm
i.0. x 0.25 fm film thickness), under the following conditions: detector tempera-
ture — 250°C, column temperature — 170°C, injection mode — 50:1 split ratio,
carrier gas — helium. Total cholesterol levels were estimated in lipid extracts
from m.l.d. and liver samples, as described by ARNETH and AL.-AHMAD (1995).
The serum concentrations of total cholesterol, HDL and triacylgltcerols were
determined by enzymatic methods, using Cormay diagnostic test kits. The
chemical composition of feed was analyzed in accordance with AOAC guide-
lines (1990), using TECATOR analyzers. NDF and ADF fractions were deter-
mined by the method proposed by GOERING and SOEST VAN (1970), in the
Fibertec System (Foss Tecator). The gross energy content of diets was deter-
mined in an adiabatic bomb calorimeter.

The results were verified statistically by a one-way analysis of variance and
Duncan’s test, using Statistica 6.0 software.

Results and Discussion

The addition of oat bran (chemical composition: dry matter — 93.87%, crude
ash - 3.19%, crude protein — 8.45%, crude fat — 3.57%, crude fiber — 20.25%,
N-free extracts — 58.41%) to experimental diets increased their crude fiber
content. The level of this component amounted to 3.15%, 5.37% and 9.45%,
respectively. The inclusion of soybean oil in experimental diets 2 and 3 in-
creased their crude fat content (Table 2).

Production results are presented in Table 3. The initial body weight of pigs
was similar in all groups, at 71.2 kg on average. The growth rate of pigs was
high, and their daily gains reached 919 g, 973 g and 868 g in groups I, IT and III,
respectively. Group II animals, fed a diet containing 15% oat bran and
5.37% crude fiber, were characterized by the highest average daily gains.
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Table 2
Chemical composition of experimental diets [%]
foati Diets
Specification 1 9 3
Dry matter 87.29 89.30 89.83
Crude ash 5.23 5.63 6.44
Organic matter 82.06 83.67 83.39
Crude protein 16.19 16.92 16.07
Crude fat 2.39 4.35 5.98
Crude fibre 3.15 5.37 9.45
N-free extractives 60.33 57.03 51.89
NDF 13.93 20.09 26.10
ADF 4.94 7.18 12.28
Hemicellulose 8.91 12.91 13.82
Gross energy MJ kg 15.863 16.749 17.288
Table 3
Fattening performance of experimental pigs
Specification Statistical Group
measures 1 I 111
Initial body weight [kg] x 71.10 71.30 71.31
s 8.57 7.41 7.24
Final body weight [kg] X 109.6 109.8 106.5
s 5.62 3.64 3.80
Daily gain [g] x 9194 9734 8687
s 61.4 62.8 68.5
Daily feed intake [kg] x 3.77 3.85 4.34
s 0.25 0.34 0.66
Feed/gain ratio [kg kg1 x 4.124 3.974 5.00%
s 0.35 0.41 0.64

AB-P<0.01

The addition of 30% oat bran (group III) to diet 3 increased its crude fiber
content to 9.45%, which significantly decreased (P < 0.01) average daily gains
and feed conversion efficiency, compared with groups I and II (Table 3).

No significant changes were noted in the parameters of carcass quality
(Table 4). Finishing pigs fed high-fiber diets (groups II and III) had insignifi-
cantly lower back fat thickness and an insignificantly higher carcass lean
content. KREUZER et al. (2002) reported lower average daily gains (625 g vs.
566 g) in growing pigs fed diets whose crude fiber content was increased (from
5.5% to 8.3%) by adding sugar beet pulp, rye bran and citrus pulp. However,



346 Aniela Falkowska et al.

the cited authors observed no differences in the body weight gains of pigs fed
high-fiber diets whose crude fat content was increased to 7.9% by adding an oil
blend. KENNELLY and AHERNE (1980) increased the crude fiber content of diets
for pigs from 4.1% to 10.25% by adding 22% oat hulls and reported significant-
ly lower body weight gains only at the first stage of fattening (22-63 kg). Lower
daily gains and higher feed consumption per kg weight gain resulting from
a higher crude fiber content of diets for fatteners were also observed by
O’DOHERTY et al. (2002) and SHRIVER et al. (2003).

Table 4
Selected slaughter parameters of finishing pigs
Specification Statistical Group
measures 1 I I
Dressing percentage [%] X 78.92 79.02 78.32
s 1.36 1.47 2.59
Carcass length [cm] x 80.50 80.90 79.7
s 1.75 1.28 2.44
Carcass lean content [%] x 55.03 57.49 56.60
s 3.01 2.47 3.01
Loin eye area [cm?] X 58.20 58.19 59.74
s 7.63 6.47 9.84
Back fat thickness mean X 24.40 23.71 22.48
of 5 measurements [mm] s 2.91 2.76 4.12

There were no significant changes in the chemical composition of meat
from the studied pigs (Table 5). The higher concentrations of crude fiber and
crude fat in experimental diets caused an insignificant decrease in the crude fat
content of m.l.d., from 1.35% in the control group to 1.05% and 1.09% in
groups II and III, respectively. The increase in the content of crude fiber and
crude fat in diets affected the fatty acid composition of m.l.d. (Table 6). The
concentrations of alpha-linolenic acid (18:3) increased significantly, from
0.42% in the control group to 0.60% and 0.81% in groups II and III, respective-
ly. An increase was also noted in the linoleic acid (18:2) content of meat
samples collected from experimental group pigs, but the differences were
statistically non-significant. Total PUFA concentrations were also higher in
experimental groups (9.20% in group II and 9.41% in group III) than in the
control group (7.44%).

There were no significant differences in total cholesterol levels in m.l.d.
between groups, but the cholesterol content of meat was somewhat lower in
pigs fed diets with an increased content of crude fiber and crude fat (Table 7).
The increase in the crude fiber and crude fat content of experimental diets
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Table 5
Chemical and physico-chemical properties of meat
Specification Statistical Group
measures 1 I I
Dry matter [%] X 25.52 24.79 24.88
s 1.39 0.63 0.57
Crude protein [%] x 22.47 22.31 22.29
s 0.73 0.64 0.83
Crude fat [%] X 1.35 1.05 1.09
s 0.52 0.40 0.30
Crude ash [%] X 1.11 1.14 1.15
s 0.09 0.06 0.05
pHys X 5.97 5.94 6.03
s 0.25 0.23 0.23
pHa, X 5.21 5.25 5.30
s 0.11 0.13 0.20
Table 6
Fatty acid composition of m. longissimus dorsi lipids [in % of total acids]
) Group
Fatty acids I I p— SEM
C 14:0 1.39 1.35 1.42 0.016
C 16:0 24.92 24.33 24.42 1.692
C 16:1 4.32 4.14 3.81 0.199
C 17:0 0.19 0.25 0.22 0.007
C17:1 0.28 0.30 0.28 0.012
C 18:0 12.01 11.91 11.50 0.861
C 18:1 48.20 47.33 47.56 8.004
C 18:2 5.85 7.06 7.33 2.748
C 18:3 0.428 0.60° 0.814« 0.022
C 20:0 0.25 0.29 0.26 0.017
C 20:1 0.95 0.88 1.00 0.021
C 20:4 1.17 1.47 1.26 0.305
SFAs 38.78 38.14 37.80 -
PUFAs 7.44 9.20 941 -
MUFAs 53.76 52.65 52.85 -
a,b - P<0.05
AB-P<0.01

SEM - standard error of the mean
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caused a highly significant (P < 0.01) increase in the serum concentrations
of HDL cholesterol (groups II and III), although the above feed ingredients
had no effect on total serum cholesterol. The diet containing 9.45% crude
fiber and 5.98% crude fat (group III) contributed to a significant increase
(P £0.05) in serum triacylglycerol levels. No significant changes were noted
in cholesterol concentrations in fresh liver samples. Total cholesterol levels
in the livers of finishing pigs reached 3.78 mg g%, 3.55 mg g ' and 3.82 mg g},
respectively.

Table 7
Level of biochemical indices in blood serum, m. longissimus dorsi and in the liver
Specification Statistical Group
measures 1 I 111
Blood serum:
- total cholesterol [mg dI™] X 148.8 150.7 150.8
s 15.1 20.5 154
— HDL [mg dI!] X 41.7% 48.04 50.24
s 4.7 4.8 4.8
— triacylglycerols [mg dI'] x 41.2¢ 45.0¢ 55.2°
s 10.9 11.6 18.2
M. longissimus dorsi:
— total cholesterol [mg/g fresh tissue] x 0.59 0.48 0.50
s 0.14 0.14 0.10
Liver:
— total cholesterol [mg g fresh tissue] X 3.78 3.55 3.82
s 0.56 0.55 0.65
a,b - P <0.05
AB-P<0.01

Research results indicate that that the type of fat added to pig diets affects
the fatty acid composition of intramuscular fat. In a study by APPLE et al.
(2009), a 5% addition of soybean oil to pig diets resulted in an increase in the
alpha-linolenic acid (18:3n-3) content of intramuscular fat, from 0.65% (control
group) to 1.94%. The most desirable n-6/n-3 fatty acid ratio was reported for
fattening pigs fed a diet supplemented with linseed oil (REALINI et al. 2010).
KOZERA et al. (2006) observed an increase in PUFA concentrations and
a decrease in MUFA levels in fat samples extracted from the meat (m.l.d.) of
pigs fed diets with an increased content of crude fiber (whose source was
ground wheat straw) and crude fat (whose source was soybean oil). As reported
by KREUZER et al. (2002), an increase in the crude fiber content of diets
following the addition of sugar beet pulp significantly decreased the serum
concentrations of total, LDL and HDL cholesterol in pigs. However, the crude
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fiber content of the ration had no significant effect on total cholesterol
concentrations in muscle tissue lipids. Serum cholesterol levels were not
affected by the composition of crude fiber (cellulose, hemicellulose, pectins),
either. Yet, an increase in the crude fiber and crude fat content of pig diets led
to an increase in the serum concentrations of total cholesterol, HDL and
triacylglycerols (KREUZER et al. 2002).

The dietary supply of fatty acids may affect lipid metabolism in the liver
and blood cholesterol concentrations. FIEDOROWICZ et al. (2000) noted no
significant differences in cholesterol levels in the liver and blood serum of pigs
fed diets supplemented with 4% lard or linseed oil. MARTINEZ-FLORES et al.
(2004) studied the effect of high-fiber diets containing oat hulls, and observed
a significant decrease in total cholesterol and triacylglycerol levels in the livers
of hamsters. The liver plays an important role in the control of cholesterol
esterification and breakdown, and it is also involved in lipoprotein synthesis
which affects serum cholesterol concentrations. Crude fiber contained in pig
diets affects the populations of intestinal bacteria and the production of
short-chain volatile fatty acids (FURGAL 2005), which may influence lipid
metabolism in the liver (KREUZER 2002). As demonstrated by DEMIGNE et al.
(1995), propionic acid lowered blood cholesterol concentrations by inhibiting
cholesterol synthesis in the liver. Crude fiber, which is a source of volatile fatty
acids, probably affects pancreatic insulin and glucagon secretion, thus in-
fluencing lipid metabolism in the liver and tissues (SILEIKIENE et al. 2005).

Conclusions

The second-stage diet containing 30% oat bran and 5% soybean oil (group
III) significantly (P < 0.01) decreased average daily weight gains and feed
conversion efficiency, compared with control group I and group II. Different
feeding had no significant effect on the lean meat and fat content of carcasses
and the proximate chemical composition of meat (m.l.d.). Diet supplementa-
tion with oat bran and soybean oil contributed to a significant increase in
alpha-linolenic acid concentrations in the lipids extracted from m. longissimus
dorsi. The higher content of crude fiber and crude fat in experimental diets
resulted in a significant (P < 0.01) increase in HDL concentrations and increase
(P < 0.05) in triacylglycerol levels in the blood serum of pigs, yet it had no
influence on total cholesterol levels in meat (m.l.d.) and liver samples.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 9.11.2010
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Abstract

The aim of this study was to characterise and compare the pelts of common foxes (Vulpes vulpes)
obtained through reduction shootings in two Polish hunting districts: Olsztyn and Warsaw. The
study material was a hundred pelts obtained by the hunters from the two districts. It has been
concluded that the average weight and length of the pelts reflect the sexual dimorphism of the
common fox. It has been further concluded that the area of origin does not affect the examined
parameters. The extent of the silvering effect in the pelt did not depend on the sex or the area. It has
been shown that male foxes in general and the foxes from the Olsztyn district (as drawn by Polish
Hunting Association) were marked by both longer guard hair as well as longer down hair. The nature
of the defects detected in the hides as well as the frequency of their occurrences has been similar and
suggests improper initial treatment.
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Abstrakt

Celem pracy byla charakterystyka i por6wnanie skor liséw pospolitych pozyskanych w wyniku
odstrzalu redukcyjnego przez mysliwych z olsztynskiego i warszawskiego okregu Polskiego Zwiazku
Lowieckiego. Material do badan stanowilo 100 skér lisow pospolitych. Stwierdzono, ze érednia masa
i dlugosc skor potwierdza wystepowanie dymorfizmu plciowego u liséw pospolitych, natomiast teren
pozyskania nie wplynal na badane parametry. Stopien wysrebrzenia skéry nie jest uzalezniony od plci
lisa i rejonu bytowania. Wykazano, ze dluzszymi wlosami pokrywowymi i puchowymi charak-
teryzowaly sie samce oraz osobniki pochodzace z olsztynskiego okregu Polskiego Zwiazku
Lowieckiego. Czestotliwos¢ i charakter stwierdzonych wad skér byla podobna i wskazuje takze na
niewlaéciwa obrébke wstepng skéry.

Introduction

There exist numerous subspecies of the Vulpes vulpes and they inhabit
nearly entire Northern Hemisphere. Depending on the geographical location
they may differ in colour and body size and quality of the hair coat. In Poland
there occurs the Vulpes vulpes crucigera. The predominant fox in Poland is the
common fox with various intensity of colouration. Far less common is the fox
of the cross colour variant (GOSzCZYNSKI 1995). The Vulpes vulpes is also
common in breeding farms with melanistic silver fox being the most popular
colour variant. Apart from that numerous other variants have been farm-bred
(e.g. gold, platinum, ring neck, pastel) (NES et al. 1989).

The fox hunting season in Poland is between 1** June and 31t March. The
majority of shooting however takes place between November and the end
of February. Various methods of hunting are allowed. The technique, weapons
and ammunition used determine the quality of hides (GOSZCZYNSKI 1995).

According to The Polish Hunting Association records (www.pzlow.pl) in the
season 2008/2009 most foxes were hunted in the Province of Wielkopolska
(over 20 000). In the provinces of Mazowsze as well as Warmia and Mazury
12 993 and 10 383 were shot respectively.

For the fur industry the common fox pelt is a valuable material of universal
use. The examples include making coats, hats and women’s coat collars. The
pelts are either dyed or used in their natural form (DUDA 1992).

The aim of the paper was to characterise and compare the pelts of the
Vulpes vulpes obtained through the density reduction shooting by the hunters
of the Olsztyn and Warsaw districts of The Polish Hunting Association.

Materials and Methods

The study material was the pelts of the Vulpes vulpes obtained in the
season 2007/2008 by the hunters of the Olsztyn and Warsaw districts (as
classified by The Polish Hunting Association.) Data of a hundred pelts have
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been collected, out of which fifty originated from the Olsztyn district and
another fifty from the Warsaw district. In either group there have been twenty
five pelts of male foxes and twenty five pelts of female foxes. The pelts were
chosen randomly in both areas, and after the hunting season ended they were
tanned at a tanner’s in central Poland. The hides were only evaluated after
they had been tanned, and therefore the differences which might result from
the various method of treatment such as tightening, forming and drying were
minimized (PIORKOWSKA 1998).

During the research the physical parameters of the hides such as the
weight and the length were defined. The length of both the tail and the
white spotted tail tip were measured and the extent of the silvering effect
was defined. The weight was measured with electronic scales to an accuracy
of one gram. The length of the tail and the tail tip were measured with
a tape measure to an accuracy of one centimetre. The silvering effect
was given in percentage terms.

Also measured were both the underfur and guard hair length. The
measurements were taken in nine points on the left side of the skin — three in
each of the following areas: the front, the middle and the back. To define these
points the findings of other fur animal researchers’ were modified and then
used (BARABASZ et al. 2000, PIORKOWSKA 2008). The points are illustrated in
Figure 1. The measurements were taken to the accuracy of one millimetre.

Fig. 1. Hair length measuring points. Explanations are in the text
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The numerical data obtained was subjected to a statistical analysis based
on a single-factor orthogonal analysis of variance (STATISTICA 8.0 PL).

Results and Discussion
All of the pelts examined from both sources have been classified as the

typical red fox in its dark colour variant. The physical parameters of the pelts
evaluated are presented in Table 1.

Table 1
Physical parameters of pelts (x + SD), n = 50
Sex District
Measurement o” Q Warsaw Olsztyn
Pelt weight (g)  320.84% +44.12 | 257.51 + 42.47 294.80 + 52.10 282.28 + 54.76
Pelt length  (cm) 85.244 £ 5.72 81.10% £ 5.20 83.24 + 5.48 83.02 + 6.20
Length of white
tail tip (cm) 7.35 £2.47 6.95 + 2.37 6.96 + 2.23 7.37 + 2.60
Extent of silvering
effect (%) 38.58 £ 7.99 39.23 + 8.58 39.21 £5.71 38.62 + 10.24
A B-p<001

The results obtained from the pelts weight measurements have led to the
conclusion that the pelts of male foxes are statistically significantly heavier
than the pelts of vixen. This may result from the sexual dimorphism present in
the species Vulpes vulpes (GOSZCZYNSKI 1995). The above thesis is supported by
the results of the skin length measurements. The pelts of male foxes were
significantly longer in comparison with those of vixen. A similar difference in
body weight, with male specimens heavier than female, was found by NOWICKI
et al. (2000). It should, however, be noted that the pelts obtained from the
farm-bred common foxes are noticeably longer (BRz0ZOWSKI 2002). For in-
stance the research by PIORKOWSKA (2008) shows the average weight of
a tanned common fox hide (Vulpes vulpes) of the pastel colour variant was 378
grams and the length was 101 centimetres. The statistically significant occur-
rence of sexual dimorphism in farm-bred foxes was proven by LOREK et al.
(2001). Moreover, PIORKOWSKA (1998) established that the tanned hides
obtained from male specimens of another species — the arctic fox — were 11 per
cent heavier than those obtained from the females.

No statistically significant difference has been observed between the pelts
with regard to the area of acquisition. This may indicate that there exist no
differences in body size between the fox population in Warmia and Mazury and
Mazowsze (Warsaw) regions.
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A characteristic of the Vulpes vulpes is the white tail tip. The feature is
a subject of selection in the farm-bred fox populations (Wzorzec oceny... 1998).
In wild fox populations the white tail tip is less pronounced and tends to be
more changeable (GOSZCZYNSKI 1995, NES et al. 1989). In the hides examined
no difference in the length of the white tip has been observed either between
sexes or the regions studied. The average length is seven centimetres (Table 1).

Also characteristic of the common fox (Vulpes vulpes) regardless of its
colour variant is the silvering effect, or guard hair depigmentation. Depending
on the extent of trunk depigmentation common foxes can be classified as being
0, 25, 50, 75 and 100 per cent silver (DUDA 1992, Wzorzec oceny... 1998). The
extent of the silvering effect in the skins examined is similar in male and
female specimens and fluctuates between 38.58 and 39.23 per cent. There is
also no significant difference between the regions and the extent of silvering
effect amounted to 39.21 per cent and 38.62 per cent in the Warsaw and
Olsztyn districts respectively.

Table 2 shows the guard hair length of the examined skins. It has been
observed that the male Vulpes vulpes specimens are marked by longer coat
than the female specimens at the measurement points located at the front
(point 1, 2 and 3) as well in the middle of the pelt (points 4, 5 and 6). These
differences are a result of sexual dimorphism and have been proven highly
significant. The male foxes are characterized by longer guard hairs on the neck
that form the so called mane. The same phenomenon occurs in farm-bred foxes
but it is of lesser intensity. This is considered undesirable as fox farm-breeding
aims for the evenness in the guard hair length throughout the animal’s body
(Wzorzec oceny... 1998).

Table 2
Guard hair length (x £ SD)
) Sex District
Measurement point o ) Warsaw Olsztyn
1. 6.324 + 1.27 5.338 + 1.10 5.59 + 1.22 6.03 £ 1.31
2. 6.324 + 1.19 5.38% + 1.05 5.60° + 1.14 6.08* + 1.24
3. 6.24% + 1.24 5.35% £ 1.14 5.520 + 1.24 6.04% £ 1.24
4. 5.564 + 1.14 4.928 + 1.04 5.10 + 1.06 542 + 1.17
5. 5514+ 1.15 4.93% + 1.00 4.99° + 1.04 544°+1.14
6. 5594 + 1.15 4978 + 1.07 5.06 + 1.10 549 + 1.16
7. 7.89 £1.21 4.49 + 0.95 4.44° + 1.02 4,93+ 1.12
8. 4.89 +1.10 451 +0.49 4.43° + 0.92 491+ 1.14
9. 4.82 +1.22 4.43 + 0.95 4438 +1.02 4914+ 1.14
X 5514 +1.18 4.94% £ 1.02 4,998 £ 1.07 5.444 + 1.17

A, B<0.01;a, b<0.05
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The guard hair length measurements demonstrate that the foxes from the
Olsztyn hunting district are characterized by longer hair coat in comparison
with those of the Warsaw district, the observation being scientifically signifi-
cant. This might indicate the foxes’ adaptation to a harsher climate (BOBEK et
al. 1984).

The length of underfur hairs is shown in Table 3. It has been marked that
in most measurement points the down hairs on skins of male foxes were
noticeably longer than those on the skins of female foxes. This has been proven
to be of high statistical significance. The foxes obtained in the Olsztyn district
as classified by The Polish Hunting Association are characterized by longer
underfur hair than those obtained in central Poland. Also PIORKOWSKA (2008)
proved that the underfur hairs in the common fox (Vulpes vulpes) of the pastel
colour variant are statistically longer in male specimens than in female ones.

Table 3
Underfur hair length (x + SD)
. Sex District
Measurement point o Q Warsaw Olsztyn
1. 1.46 £ 0.54 1.31 £ 0.41 1.32 £ 0.51 1.45 + 0.45
2. 1.51* £ 0.46 1.33° + 0.35 1.36 £ 0.43 1.47 £ 0.41
3. 1.564 + 0.46 1.31% £ 0.40 1.34° + 0.45 1.52* + 0.43
4. 1.83* £ 0.52 1.59° + 0.41 1.60° + 0.50 1.82* + 0.44
5. 1.894 + 0.45 1.63% + 0.43 1.68° + 0.46 1.84* + 0.44
6. 1.874 + 0.48 1.63% + 0.43 1.65° + 0.49 1.84* + 0.44
7. 2.184 + 0.51 1.89% + 0.45 1.90% + 0.46 2.164 + 0.51
8. 2.224 + 0.55 1.94% + 0.45 1.96° + 0.51 2.19* + 0.51
9. 2.244 + 0.53 1.95% + 0.45 1.95% + 0.48 2.244 + 0.51
X 1.814 + 0.52 1.628 + 0.42 1.64% + 0.47 1.794 +0.46

A, B<0.01;a b<0.05

According to DUDA (1992) the length of guard hairs in the common fox can
fluctuate between 6 and 11 centimetres. In the case of the down hairs it is
between 3 to 5.50 centimetres. PRZYSIECKI et al. (2004) show that the guard
hair height in the farm-bred common foxes of gold variant is within 6.85 and
7.05 centimetres in male and within 6.38 and 6.70 centimetres in female
specimens. As far as the down hairs are concerned the respective values are
3.25-3.37 centimetres and 3.11-3.21 centimetres.

Table 4 presents the defects in the pelts examined. In the case of 21 pelts
(which amount to 11.2 per cent of the total number) felted hair coating in the
back regions has been observed. The degree to which the coat is felted is not
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very noticeable, and the defect can be repaired through combing. Another
defect that has been noticed is the bald areas on the fur. This is due to the local
decay that can form because of improper drying or fleshing processes. Similar
instances of defects are noted by DUDA (1992) as the ones most frequently
found in the skins of the Vulpes vulpes. Furthermore, the defects are more
frequently observed in the pelts obtained by hunting than those obtained from
the breeding farms.

Table 4
Pelt defects
District
Type of defect Warsaw Olsztyn Total

number % number % number %
Felted hair areas 11 9.65 10 13.70 21 11.23
Bald areas 9 7.89 4 5.48 13 6.95
Blood stained areas 37 32.46 25 34.25 62 33.15
Improper fleshing result 14 12.28 17 23.29 31 16.58
Shot holes 19 16.67 5 6.85 24 12.83
Rips 13 11.40 6 8.22 19 10.16
Lack of tail 6 5.26 4 5.48 10 5.35
Lack of limb 5 4.39 2 2.74 7 3.74
Total 114 100 73 100 187 100

The pelt defect of highest occurrence is the blood stained areas, which are
noticeable even after tanning. The blood stains are most often located in the
rear parts of the pelts on the abdomen or limbs. This particular defect indicates
that the hunters have not been using blood absorbents such as sawdust.

Improper fleshing that leads to hair bulb damage has been identified in as
many as 31 pelts (which amounts to 16.58 per cent of their total number).
What has also been observed is high occurrence of pelt rips and holes due to the
methods of hunt used. In ten of the pelts the tails have been missing; in seven
there have been limbs missing. The defects have been caused by the negligent
or unskilful processing and preserving of the raw pelts. On the basis of the data
obtained the conclusion has been drawn that the defects are of similar
occurrence in both regions analysed.

Based on the research conducted with regard to the fox pelts obtained in
the Olsztyn and Warsaw hunting areas (as defined by the Polish Hunting
Association) it has been concluded that the average weight and length of the
pelts confirms the occurrence of sexual dimorphism in the common fox (Vulpes
vulpes). The area of origin did not affect the examined parameters. The extent
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of the silvering effect on the pelt does not depend on the sex or the habitat
of the fox. It has also been observed that the male foxes and the specimens
originating from the Olsztyn hunting area (as classified by the Polish Hunting
Association) were characterised by a longer hair coat. The high frequency
of occurrence and the nature of the observed pelt defects indicate improper
initial treatment of pelts.

Translated by MALGORZATA KURPIEWSKA
Accepted for print 10.11.2010
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Abstract

The aim of this study was to determine the carcass quality and production results of geese
fattened on oat following a restricted feeding regime. The experimental materials comprised White
Koluda geese (56 0" and 56 Q) reared to 15 weeks of age. During the first 12 weeks, the amount
of feed given to birds was limited by 20% in comparison with the control ration, as follows: group II
—from 7 to 12 weeks, group III - from 2 to 6 weeks, and group IV - from 2 to 12 weeks of age. Over the
finishing period of three weeks (week 13 to 15), geese of all groups were fed oat grain ad libitum. At 15
weeks of age, the birds were slaughtered and carcass quality was evaluated.

Group II geese, compared with control group birds, were characterized by significantly higher
body weight (6566 g vs. 6043 g), but their carcasses had a lower lean meat content (44.55% vs.
47.19%) and a higher content of skin including subcutaneous fat (36.00% vs. 32.33%). In comparison
with the control group, group II geese consumed significantly less oat per kg body weight gain
(9.36 kg vs. 11.56 kg) and less feed per kg body weight (3.86 kg vs. 4.31 kg), which resulted in a lower
feed cost per kg body weight in group II. The lean meat content of the carcass was similar in the
control group and in groups III and IV (47.19%, 45.26% and 45.13% respectively). However, group III
and IV geese were characterized by significantly higher carcass fatness than control group birds
(35.76%, 35.23% and 32.33% respectively), and they consumed larger amounts of feed per kg body
weight. Feed cost was comparable in the above groups.
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Abstrakt

Celem podjetych badan byla analiza jakoSci tuszki oraz wynikéw odchowu gesi dotuczanych
ziarnem owsa, zywionych wczeéniej ograniczonymi ilo§ciowo dawkami mieszanek przemystowych.
Badania wykonano na gesiach Bialych Kotudzkich (56 0" i 56 @) odchowywanych do wieku 15
tygodni. W okresie zywienia paszowymi mieszankami przemyslowymi (do wieku 12 tyg.) zastosowano
w trzech réznych okresach wiekowych dawki zywieniowe ograniczone iloSciowo o 20% w stosunku do
iloéci paszy pobranej przez ptaki z grupy kontrolnej (grupa I): od 7. do 12. tygodnia (grupa II), od 2. do
6 tygodnia (grupa III) oraz od 2. do 12. tygodnia (grupa IV). Nastepnie od 13. do 15. tygodnia odchowu
gesi ze wszystkich grup zywiono ad libitum ziarnem owsa. W wieku 15. tygodni ptaki poddano
ubojowi i ocenie wartosci rzezne;j.

Stwierdzono, ze gesi z grupy II w poréwnaniu z ptakami grupy kontrolnej charakteryzowala
istotnie wieksza masa ciala (odpowiednio 6566 i 6043 g), lecz ich tuszki zawieraly mniej miesa
(odpowiednio 44.55 i 47.19%), a wiecej skory z tluszczem podskérnym (36.00 i 32.33%). Ptaki z tej
grupy, w stosunku do kontrolnej, zuzyly istotnie mniej owsa na 1 kg przyrostu masy ciata (9.36
111.56 kg) i paszy lacznie w przeliczeniu na 1 kg masy ciala (3.86 i 4.31 kg), co skutkuje mniejszymi
kosztami paszy poniesionymi na uzyskanie 1 kg masy ciala. Ptaki z grup III i IV charakteryzowalo
podobne umiesnienie do ptakéw z grupy kontrolnej (45.26; 45.13 i 47.19%), lecz istotnie wieksze
otluszczenie tuszki (35.76; 35.23 i 32.33%) i wieksze zuzycie paszy przy réwnoczesnych podobnych
kosztach paszy w przeliczeniu na 1 kg masy ciata.

Introduction

The oat-fattened goose is one of the specialties of Polish agriculture. Due to
its unique amino acid composition of protein and a high biological value, oat is
an important component of diets for geese. The properties of oat were
investigated in detail 80 years ago. During the finishing period of three weeks,
geese are fattened on oat grain (KSIAZKIEWICZ 2006). The type and amount of
feed determine both carcass quality and production profitability, which is why
efforts are made to reduce the overall costs of goose fattening (BIELINSKA et al.
1984, 2002). According to BIELINSKA and CZECHLOWSKA (1999), an optimal
solution enabling to both decrease production costs and maintain high carcass
quality is to feed geese concentrate with a reduced total protein content for the
first 12 weeks. The results of other studies (BIELINSKA et al. 1980, BOCHNO and
BRZ0OZOWSKI 1992, JANISZEWSKA et al. 2000 and 2002, BOCHNO et al. 2007)
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conducted on young slaughter geese show that temporary feed restriction,
compared with ad libitum feeding, allows to decrease carcass fat content and to
improve feed conversion efficiency. In an experiment performed by BIELINSKA
et al. (1980), White Italian geese were given a daily ration limited by 15% from
4 to 8 weeks of age, which led to a slower growth rate and a prolonged rearing
period, but had a beneficial effect on breast muscle yield and meat quality.
However, more severe feed restriction (30%) caused emaciation. BOCHNO and
BRrz0zOWSKI (1992) limited the amount of feed offered to young slaughter geese
by 20% (in comparison with ad libitum feeding) and reported a lower fat
content of the carcass, a more desirable meat to fat ratio and lower feed
consumption. The results of later studies were similar (BOCHNO et al. 2007).

The positive effects of feed restriction programs noted in young geese and
a scarcity of information regarding the combination of restricted feeding and
satiation feeding prompted the authors to conduct the present study, aimed to
determine the carcass quality and production results of geese fattened on oat
following a restricted feeding regime.

Materials and Methods

The experimental materials comprised a total of 112 White Kotuda geese
(56 0" and 56 ?) randomly divided into four feeding groups, each of two pens
of males and two pens of females. The birds were reared to 15 weeks of age.
During the first 12 weeks, geese were fed commercial diets, starter (to 5 weeks)
and grower/finisher (from 6 to 12 weeks), containing 20.16% and 19.14%
total protein and 12.34 MdJ and 12.10 MJ metabolizable energy respectively.
From 13 to 15 weeks of age, birds of all groups were fed ad libitum oat grain
with a total protein content of 8.88% and a metabolizable energy content
of 10.12 MdJ. Over the first week of rearing, all birds were fed to appetite,
and from week 2 to 12 the amount of feed offered was as follows:

— group I - continuation of ad libitum feeding (control);

— group II - continuation of ad libitum feeding until week 6, followed
by feeding a ration restricted by 20% (in comparison with the control
diet) until week 12;

— group III - feeding a ration restricted by 20% until week 6, followed by ad
libitum feeding in the amount not higher than in the control group;

— group IV - feeding a ration restricted by 20% (in comparison with the
control diet) from week 2 to 12.

At the completion of the rearing period, ten males and ten females were
selected randomly for slaughter and post-slaughter analysis. Chilled carcasses
were dissected. The collected data were used to calculate:
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— feed cost (based on purchase prices of March 2008) per kg body weight,

— carcass dressing percentage as total body weight and giblets weight
expressed as a percentage of live weight.

The statistical analysis (STATISTICA 8.0) included:

— the characteristics of the analyzed traits (x, v),

— feed consumption per bird, feed, total protein and metabolizable energy
intake per kg body weight, carcass weight and lean weight,

— the determination of the significance of differences between feeding
groups with respect to the mean values of feed consumption and carcass
quality; a two-factorial analysis of variance with two elements in subgroups
(feed consumption and cost) or ten elements in subgroups (carcass quality
parameters).

Results and Discussion
Body weight

During oat fattening, geese subjected previously to feed restriction (groups
II-IV) were characterized by a faster growth rate than control group birds
(group I). The body weight of geese of experimental groups II, IIT and IV
increased over that period by 1355, 1098 and 1369 g respectively, compared
with 647 g in the control group. Due to the above gains, the live body weight of
group II and IIT birds before slaughter was 6566 g and 6335 g respectively,
compared with 6043 g in the control group (p < 0.05, Table 1). The live weight
of group IV geese (6109 g) was similar to the live weight of control group birds,
but the former were lighter (p < 0.05) than group II and III geese. Rapid weight
gain following a period of feed restriction has been previously observed in
chickens, turkeys (PLAVNIK and HURVITZ 1991), ducks (WILKIEWICZ-WAWRO
1994, SZEREMETA et al. 2000) and geese (BOCHNO and BRzZOZOWSKI 1992,
JANISZEWSKA et al. 2000, BOCHNO et al. 2007).

Females, compared with males, had lower body weight, which is consistent
with the results of earlier studies of that species (BIELINSKA et al. 1980, 2002,
MAZANOWSKI and BERNACKI 1998 a,b, JANISZEWSKA et al. 2000).

Feed consumption and cost
As expected, feed consumption per bird during the first 12 weeks was

highest in the control group (21.73 kg) and lowest in group IV (18.05 kg). Feed
intake was lower in group II than in group III (18.57 kg vs. 20.66 kg).
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Table 1
Body weight of geese, feed consumption and cost
Specification Statistical Group Sex
measures| | I 111 v o” ?

Body weight (g) at the age of:

12 weeks X 53964 | 52094 | 52374 | 47408 | 5302* | 5030
v 12.71 9.69 8.92 9.63 11.94 | 10.14
15 weeks X 6043 | 6566° | 6335° | 6109* | 6506* | 6036
v 1463 | 1141 | 11.65 | 10.562 | 11.93 | 11.46

21.734 |18.575 | 20.664 | 18.05%° | 20.15% | 19.34

Ki

Feed consumption [kg/bird]
Feed and oat consumption
[kg/bird] X 32.53 | 31.35 | 33.01 | 32.11 | 32.56 | 31.85
Oat consumption [kg] per kg
body weight gainbetween

week 13 and 15 x 11.56° | 9.36° |10.39% | 9.32° 9.80 10.37
Total feed and oat consumption

[kg] per kg body weight gain x 4404 | 3.96% | 4.81¢ | 4.76° | 4.43 | 4.55*
Feed cost [PLN] per kg body

weight X 5234 | 4.48% | 535% | 5.20* | 5.01 | 5.12*%

Means followed by different superscript letters (feeding groups) or by* (sex) are significantly
different: capital letters or ** — at & = 0.01, small letters or * — at o = 0.05.

Restricted feeding, in comparison with ad libitum feeding, affected not only the
final body weight of geese aged 15 weeks, but also oat consumption and
conversion levels. It should be stressed that birds of experimental groups were
more efficient users of oat grain. Oat consumption per kg body weight gain was
significantly lower in groups II and IV (9.36 and 9.32 kg respectively) than in
the control group (11.56 kg, Table 1). Group III geese consumed less oat
(10.39 kg, Table 1) than control group geese, but more than birds of the
remaining groups. The above indicates that feed restriction from week 2 or 6 to
12 has a beneficial influence on oat intake. Significant differences were also
noted with respect to total feed consumption per kg body weight gain over the
entire experiment. The lowest feed conversion ratio was reported in group 11
(3.96 kg kg1), and highest — in groups III and IV (4.8 kg kg™!), compared with
4.40 kg kg! in the control group.

Feed cost per kg body weight was significantly lower in group II (PLN 4.48)
than in the control group (PLN 5.23) and in the remaining experimental
groups (above PLN 5.20, Table 1). The total cost of feed consumed in groups I11
and IV reached 102.3% and 99.4%, respectively, of that noted in the control
group. Those results suggest that feeding geese aged 7 to 12 weeks a ration
reduced by 20%, in comparison with the control diet, may contribute to
a significant decrease in the overall production costs of oat-fattened geese.

Feed consumption per kg body weight, depending on feeding levels at
different rearing stages (Table 2), was similar to feed consumption per kg body
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weight gain (Table 1). Over the entire experiment, group II geese consumed by
approximately 12% less feed per kg body weight than birds of the remaining
groups. Feed consumption per kg carcass weight was significantly lower in
group II (6.42 kg) than in the control group (7.29 kg) and in groups III and IV
(above 7.54 kg). A similar trend was observed with regard to feed consumption
per kg lean meat weight.

Table 2
Feed [kg], total protein [g] and metabolizable energy [MdJ] intake per kg body weight, carcass weight
and lean weight

. ) Group Sex
Specification I I I v o )
Feed intake [kg] per kg:
body weight 4.314 3.86° 4.71¢ 4.66¢ 4.34 4.45%
carcass weight 7.29 6.42¢ 7.54° 7.56° 7.17 7.23
lean meat weight 15.8645¢ | 14.824° | 17.13%° | 17.09%° 16.19 16.32
Total protein intake [g] per kg:
body weight 779.9F | 664.45 | 802.44¢ | 770.44 746.6 759.4
carcass weight 1314.8% | 1103.74¢ | 1284.1%° | 1249.5* | 1234.4 231.2
lean meat weight 2859.54 | 2548.950 | 2916.24 | 2823.5° | 2785.0 | 2779.0
Metabolizable energy intake [Md]
per kg:
body weight 51.14 45.48 54.54 53.64 51.0 51.3
carcass weight 86.1¢ 75.4° 87.3* 86.9° 84.2 83.3
lean weight 187.34 | 171.14 198.28 196.58 190.1 188.0

Means followed by different superscript letters (feeding groups) or by* (sex) are significantly
different: capital letters or ** — at a = 0.01, small letters or * — at o = 0.05.

Total protein and metabolizable energy intake per kg body weight, carcass
weight and lean meat weight was also lower in group II than in the control
group and in groups III and IV (Table 2). Total protein and metabolizable
energy intake per kg body weight was by respectively 116 g and 5.7 Md lower in
group II than in the control group. Compared with the control group, group II
geese needed also less protein (by 311 g) and metabolizable energy (by 16 MJ)
to produce 1 kg lean meat.

Carcass quality

At the end of the oat fattening period, the average carcass weight of geese
subjected to early feed restriction was slightly higher (= 3834 g) than the
carcass weight of control group birds (3613 g, Table 3). The weights of
abdominal fat, gizzard and liver were also higher in experimental groups.
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Heart weight was significantly (p < 0.05) higher in group II than in group I.
Carcass dressing percentage was similar in all groups (from 68.63% to 69.04%).

Table 3
Carcass quality parameters (arithmetic means and coefficients of variation)
Specification Statistical Group Sex
measures | | 11 111 v o” Q
Carcass weight [g]:
hot X 3613 3899 | 3961 3834 | 3938 | 3710
v 13.27 | 9.81 8.95 12.43 | 12.44 | 9.97
cold X 3547 3812 3885 | 3762 | 3851 3646
v 13.43 | 9.10 9.04 12.56 | 12.37 | 10.12
Carcass dressing percentage (%) X 68.50 | 68.63 | 68.92 | 69.04 | 68.56 | 68.94
v 2.98 3.15 2.14 2.61 3.09 2.30
Total giblets weight including: [g] X 335.6 | 383.7 | 368.7 | 367.9 | 387.3 | 340.5
v 13.96 | 12.62 | 11.17 | 15.21 13.34 | 11.14
liver X 90.6 107.9 | 112.2 | 109.0 | 1119 | 97.7
v 27.15 | 17.40 | 27.75 | 24.29 | 28.35 | 20.12
heart X 36.6% 43.6° 41.1 38.2 41.6 37.9
v 21.01 16.65 | 17.76 | 13.38 | 17.45 [18.18%*
gizzard X 2084 | 232.2 | 2154 | 220.8 | 233.9 | 204.9
v 1497 | 16.19 | 10.56 | 16.27 | 14.36 | 11.99
Abdominal fat weight [g]: X 291.0 | 3329 | 333.2 | 308.8 | 309.2 | 319.5
v 30.32 | 30.57 | 23.33 | 27.11 | 31.15 | 24.86
Relative weight of carcass
lean meat x 1667 1694 1755 1691 1749 1660
v 10.53 | 8.40 8.51 10.77 | 9.08 9.50
skin and subcutaneous fat X 1159* | 1377° | 1392° | 1330 1329 1285
v 23.61 | 16.56 | 14.18 | 18.19 | 21.55 |17.17**
bones X 561 570 562 554 595 533
v 10.06 | 14.18 | 11.05 | 16.73 | 12.52 | 10.39
Percentage content in carcass
lean meat x 47.19% | 44.55° | 45.26 | 45.13 | 45.67 | 45.62
v 5.55 5.92 5.85 6.60 6.69 5.90
skin and subcutaneous fat x 32.33* | 86.00° | 35.76" | 35.28" | 34.20 | 35.08
v 1145 | 11.48 8.25 10.27 | 11.96 | 10.25
bones X 15.93% | 14.96 | 14.45° | 14.71° | 15.50% | 14.67
v 9.72 10.82 | 5.97 9.11 9.53 9.17

Means followed by different superscript letters (feeding groups) or by* (sex) are significantly
different: capital letters or ** — at a = 0.01, small letters or * — at o = 0.05.

Feeding geese a restricted ration prior to oat fattening resulted in signifi-
cant differences in carcass tissue composition, compared with ad libitum
feeding. The carcasses of group II geese, in comparison with group I birds, had
a similar content of lean meat (1694 g vs. 1667g) and bones (570 g vs. 561 g),
but a higher content of skin and subcutaneous fat (1377 g vs. 1159 g, p < 0.05).
The percentage share of skin and subcutaneous fat was higher (by 3.67%), and
that of lean meat lower (by 2.64%, Table 3) in group II. The carcasses of group
I1I geese, compared with group I birds, had a similar percentage content of lean
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meat (45.26% vs. 47.19%), but a higher percentage share of skin and subcu-
taneous fat (35.76 vs. 32.33%, Table 3). The carcasses of group IV geese,
in comparison with the control group, had a similar content of lean meat, but
a higher (by 2.9%) percentage share of skin and subcutaneous fat and a lower
(by 1.22%) bone content (p < 0.05, Table 3).

Females, in comparison with males, had somewhat lower carcass weight as
well as a lower content of the analyzed tissue components and insignificantly
higher abdominal fat weight, which is consistent with the findings of other
authors (BIELINSKA et al. 2002, MAZANOWSKI and BERNACKI 1998 b).

Conclusions

1. Group II geese (fed a restricted ration from week 7 to 12, prior to oat
fattening), compared with control group birds, were characterized by signifi-
cantly higher body weight (6566 g vs. 6043 g), but their carcasses had a lower
lean meat content (44.55% vs. 47.19%) and a higher content of skin including
subcutaneous fat (36.00% vs. 32.33%). In comparison with the control group,
group II geese consumed significantly less oat per kg body weight gain (9.36 kg
vs. 11.56 kg) and less feed per kg body weight (3.86 kg vs. 4.31 kg), which
resulted in a lower feed cost per kg body weight. Total protein and metab-
olizable energy intake per kg body weight, carcass weight and lean weight was
also lower in group II than in the control group.

2. The body weight and carcass tissue composition of group III geese (fed
a restricted ration from week 2 to 6, prior to oat fattening) and group II birds
were similar, but the former were characterized by significantly higher levels
of total oat and feed consumption per kg body weight gain and higher intake of
total protein and metabolizable energy. Feed cost per kg body weight was
highest in group III.

3. The body weight and carcass lean meat content of group IV geese (fed
a restricted ration from week 2 to 12, prior to oat fattening) and group I birds
were similar (6109 g and 6043 g respectively and 45.13% and 47.19% respect-
ively), but the former had a higher carcass fat content (35.23% vs. 32.33%).
Total feed consumption was higher in group IV (4.76 kg vs. 4.40 kg), while feed
cost per kg body weight was comparable in both groups.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 22.09.2010
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Abstract

The purpose of the work was determination the area pollution influence on mineral compounds
content in water of north and west part of Dejguny Lake. There was studied total-P, dissolved
PO3(V), NH,*, NOs-, NOy, total-Mg, total-Fe, SO,2 and Cl- concentration in water. The most
compounds content was in I class of water cleanness. The higher content of nitrate compounds was
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Abstrakt

Celem pracy bylo okreslenie wplywu obszarowych zanieczyszczen na zawarto$¢ mineralnych
zwigzkéw w pdlnocnej i zachodniej czesci misy jeziora Dejguny. W badaniach oznaczono zawarto$é
w wodzie P ogélnego, PO,3(V) rozpuszczonych, NH,*, NO;, NO;~, Mg ogélnego, Fe ogdlnego, SO,
i CI. Stwierdzono, ze nagromadzenie wiekszosci badanych zwigzkéw bylo niskie i miescilo sie
w normach I klasy czystoSci wod. W poréwnaniu z ich zawarto$cig w wodzie w okolicy zalesionej
wieksze nagromadzenie zwigzkéw azotu wystepowalo przy terenie przeznaczonym na rekreacje
w poblizu wsi Kronowo, a azotu amonowego i azotanowego oraz fosforu ogélnego, ortofosforanéw
rozpuszczonych i magnezu(II) przy gruntach uzytkowanych rolniczo. W wodzie jeziora przy brzegu
uzytkowanym rolniczo znaleziono ponadto wiecej siarczanéw(VI) w iloéciach odpowiadajacych
IT klasie czystosci wod.

Introduction

The water properties, mainly the kind and quantity of the dissolved
chemical substances are dicede about usefulness and possibilites to utilize for
economy, living or recreation purposes (SZCZYGIELSKI 1996, KOC, SKONIECZYK
2007). In the case of the surface waters it depend not only on water kind,
location of it or weather conditions but also on the area adaptation and the
economy activity of this area. There is showing on the influence of the
neighbouring area, particularly with agricultural activity or adapted for recre-
ation, on some mineral compounds content (VOLLENWEIDER 1989, Szo-
SZKIEWICZ, SZOSZKIEWICZ 1997, RACZKOWSKI, WARECHOWSKA 2002, DOMSKA et
al. 2005, PULIKOWSKI et al. 2005, DOMSKA et al. 2006, Koc, SIDORUK 2006).
There is particularly dangerous too higher phosphorus and nitrate nitrogen
content, not only on account of water quality deterioration but also on the risk
to the degradation of the surface waters (SZOSZKIEWICZ, SZOSZKIEWICZ 1997).

The purpose of the work was the estimation of the different area pollution
influence on phosphorus (total-P and PO, dissolved), mineral nitrogen (NOj3",
NO,-, NH,*), soulphates(VI), chloride and some metal (Fe and Mg) content in
water of some part of Dejguny Lake.

Experimental Procedures

The material of our investigation was Dejguny Lake (Figure 1) situeted
about 8 km from Gizycko. It connected of the narrow canal with Mamry Lake,
which is the second lake in Poland on account of the size. The maximum lenght
of Dejguny Lake is 7.3 km, the breadth — 2.3 km, the surface — 8.36 ha, the
average depth — 12 m and the maximum depth — 33 m (TOEPPEN 1995). The
shore line is diversity, particularly flat in the south lake part and high,
sometimes steep in the north lake part.
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Fig. 1. Location of research sites: 1 — recreation area, 2 — forest, 3 — meadow, 4 — arable area

The studies were conducted in 2008 year. For determination of the area
influence on water quality, there was sampled water in north and western part
of the reservoir Dejguny Lake from 0.2 m depth and in place with lake depth
not more than 1 m according to standard of Jakosc¢ wody... PN-EN ISO 5667-4.
The water was sampled on April, every day, from 1-st to 5-th. The research
sites location (Figure 1) was into direct contact with lake shore near the
recreation area section of Kronowo village (site 1), forest (site 2) and agricul-
tural areas — meadow and arable area (sites 3 and 4).

The study compounds content was determined immediately after water
sampling. In the analytical methods have been used the universally accepted
ways (DOJLIDO et al.): colometric (total-P, PO,3, NO,~, Fe, Mg), titration
(NH,*, Cl-), potentiometric (NOs") and balance (SO, 2) analysis. The average
results of 5 water samples were showed in the tables.

The obtained results was statistically calculated by Tukey test of the
variant analyse at the considerable differences of the confidence interval
p = 0.05.
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Discussion of Results

There was showed that in time of the conducted studies were the signifi-
cant different of some coumpunds content in water of Dejguny Lake (Table 1).
Phosphorus coumpunds content, like to surface waters another water reser-
voirs (SZOSZKIEWICZ, SZOSZKIEWICZ 1997, DOMSKA et al. 2005) was low from
0.064 to 0.129 mg dm™ of total phosphorus and from 0.03 to 0.26 mg dm™
of phosphates. Total phosphorus and also reactive ortho-phosphates dissolved
higher content was in lake water near agricultural areas (sites 3 and 4),
particularly near meadow (site 3), but it was not higher than I class of water
cleanness standard (Rozporzadzenie MOS... 2004). DOMSKA et al. (2006) were
showed higher phosphate content in water Narie Lake in II class of water
cleanness near arable areas. BARTOSZEWICZ (2005) is also showing on the big
influence of the intensive fertilized areas which are cultivated arable fields, on
phosphate content in the surface waters. Moreover, PETTERSON and AMIARD
(1998) and ZACHMAN et al. (2004) were showed the big influence of the
lacustrine bottom deposits on the biogenes concentration in water, particularly
in time of the summer stagnation with the higher bacteria activity. At the same
time of the summer stagnation and of the anaerobic conditions, compounds of
phosphorus connected with iron, after reduction Fe(IIl) to Fe(Il) are set free
from lacustrine bottom deposits to water bottomless and gradually migrated to
surface waters.

Table 1
Phosphorus and nitrogen concentration in water of Dejguny Lake [mg dm™]
Research site | Total - P | PPOSPRAtes | .- N-NO;- N-NO,-
4

1 0.064 0.003 0.020 0.124 0.124

2 0.083 0.003 0.030 0.060 0.060

3 0.129 0.029 0.260 0.224 0.224

4 0.100 0.015 0.200 0.250 0.200
LSD p = 0.05 0.019 0.008 0.009 0.010 0.005

The determined mineral nitrogen and phosphorus compounds content in
Dejguny Lake water was low and it was in standard I class of water cleanness
(Table 1). There was ammonium nitrogen content from 0.02 to 0.26 mg dm™3,
nitrate nitrogen(V) — from 0.06 to 0.25 mg dm™ and nitrate nitrogen(III)
—from 0.060 to 0.224 mg dm™3. Depend on another studies (DOMSKA et al. 2005,
2006, WoJTAs, DABEK 2006) there was a relatively lot of nitrate nitrogen(V)
content in Dejguny Lake water. The most ammonium and nitrate(III) nitrogen
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content was in water near the lake shore with the perennial arable land, i.e.
meadow (site 3) and nitrate nitrogen(V) content near arable field (site 4). The
mineral nitrogen coumpounds content was also higher near the recreation area
of Kronowo village (site 1) depend on the forest neighbourhood (site 2).
Another authors were also showed the immediate influence of the agricultural
areas, especially the ploughland or the intensive tourism on some mineral
nitrogen coumpounds content. So, DOMSKA et al. (2005) were obtained a lot
more nitrates content in water of Chelmzynski Lake with the shore near the
recreation area. However, there one should to remember that nitrogen content
in water much changed in year time (PULIKOWSKI et al. 2005). Among other
things, WOJTAS and DABEK (2006) were remarked on the deciding influence of
the vegetation time on nitrogen coumpounds content in water Olecko Wielkie
Lake where nitrate nitrogen(III) and ammonium nitrate content decreased in
spring and summer time and nitrate nitrogen(V) content was higher in
summer time. Successively, DOMSKA et al. (2005) were showed that ammonium
nitrogen content in water of the western part of Chelmzynski Lake reservoir
was very low in the vegetation time and this nitrogen form was a little more in
autumn time in water of lake shore near arable areas.

In the conducted studies was detrmined iron, magnesium(II) and chloride
content in water of Dejguny Lake (Table 2). Iron content (0.20-0.25 mg dm™2)
and chloride content (13.0-15.5 mg dm™) was not different depend on the

Table 2
Iron, magnesium, sulphates and chlorides total concentration in water of Dejguny Lake [mg dm™]
Research site Fe Mg SO,2 Cl
1 0.20 10.1 147.9 15.5
2 0.20 10.2 146.9 13.0
3 0.25 13.9 155.3 13.2
4 0.25 12.8 160.3 13.5
LSD p = 0.05 0.05 1.8 3.4 2.5

location of water site and chloride content in water was lower than in
RACzKOWSKI and WARECHOWSKA (2002) studies. These authors were showed
the essential influence of the pollution points sources (storm basins) on
chloride content in Jeziorak Maly Lake. Magnesium content in water Dejguny
Lake was higher (about 3-4 mg dm™) near the acreage arables (sites 3 and 4).
KRUK (1996) was showed that outflow of the mineral compounds, mainly
metals ions to water, first of all, is from the boggy areas and it was higher than
from the agricultural basins. The own results are showing that there was clear
effect of the kind of the agricultural area adaption on sulphates(VI) content
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in water of Dejguny Lake. In this case, sulphate content was 155.3 and
160.3 mg dm™ and it was in II class of water cleanness and, it was considerably
higher than in water near forest or recreation area. In contrast to these results,
according to (1996) KRUK, there is a considerable risk of the intensive tourism
and the area adaptation for the recreation.

Conclusions

1. The most compounds concentrations (total-P, ortho-phosphate (PO,®)
dissolved, Mg and Fe) in surface water of studed part of Dejguny Lake were low
in standard I class of water cleanness.

2. In the lake water near the recreation area was higher mineral nitrogen
compounds content but it was not higher than standard I class of water
cleanness and, there was cosiderable more sulphates(VI) in the standard II
class of water cleanness.

Translated by Danuta Domska
Accepted for print 2.07.2010
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First, the source references, such as the protection plans containing information about the selected
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P. patens grows and type of the soil. Later, these data were verified by referring them to the current
data of 2010, supplied by the Regional Directorate of National Forests (RDLP) in Bialystok. Analysis
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sites. Currently the sites of Pulsatilla patens have been preserved only in the 5 nature reserves
(Krasne, Kukle, Géra Pieszczana, Kurianskie Bagno, Szelggowka). At all the examined sites, the
populations are very small, consisting of a few individuals. This suggests that the actions undertaken
to protect it have failed.
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Abstrakt

Wiekszoé¢ stanowisk Pulsatilla patens w przeszioSci wystepowala w péinocno-wschodniej Polsce,
szczeg6lnie na terenie Niziny Pélnocno-Podlaskiej, gdzie populacje byly reprezentowane przez liczne
osobniki. Celem badan bylo opracowanie aktualnego rozmieszczenia stanowisk sasanki otwartej
na terenie 16 rezerwatow przyrody oraz ocena zasobow populacji. Weryfikacje danych
o wystepowaniu i liczebnosci badanego gatunku przeprowadzono w kilku etapach. Najpierw
dokonano analizy planéw ochrony rezerwatoéw przyrody. Na terenie kazdego obiektu analizowano:
rozmieszczenie stanowisk, liczebno§¢ populacji, typ zbiorowiska w jakim sasanka wystepuje oraz typ
gleby. Nastepnie dane te zweryfikowano, bazujac na materiatach z 2010 r. otrzymanych z Regionalne;j
Dyrekeji Laséw Panstwowych w Bialymstoku oraz przeprowadzono badania terenowe w wybranych
obiektach. W celu uzyskania pelnego obrazu zmian w wystepowaniu i zasobach populacji sasanki
wykorzystano w pracy publikacje naukowe dotyczace rezerwatow. Analiza danych z lat 1955-2010
wskazuje na stopniowy zanik stanowisk sasanki. Aktualnie gatunek ten wystepuje tylko w pieciu
rezerwatach przyrody (Krasne, Kukle, Géra Pieszczana, Kurianskie Bagno, Szelagowka). Wszystkie
populacje sg bardzo nieliczne, obejmuja po kilka osobnikéw. Wskazuje to na nieskuteczno§é dziatan
podjetych w celu ochrony tego gatunku.

Introduction

Pulsatilla patens (L.) Mill. (Eastern pasque flower) is a threatened plant
species in Europe, listed in the Bern Convention and in Annex II of the
European Habitats Directive. In Poland, this rare species has been legally
protected since 1958. In Wielkopolska and Western Pomerania, P. patens is
considered to be a threatened taxon (ZUKOWSKI, JACKOWIAK 1995). It is
included in the Polish Red Book of Plants, listed as a low risk (LR) taxon
(WodgTowicz 2001). In a recently published Red List of Vascular Plants in
Poland (ZARzYCKI, SZELAG 2006), P. patens is considered to be critically
endangered.

Considering the fact that the number of sites has diminished significantly
in many parts of the country (MICHALAK 1976, CIOSEK 1999, NOWAK et al. 2000,
CHMURA 2003, Zagrozone gatunki. 2003), a national plan for the conservation
of this species has been elaborated. It points to sources of the threat and
specifies aims of the actions undertaken, such as active conservation of edge
and scarce populations, improvement of the conditions for non-renewable
populations, broadening our knowledge on the distribution and status of the
population of P. patens and education of the general population on the need to
maintain biological diversity (ZycH 2007).

Within its geographical range, P. patens appears in different types of plant
communities, including calcareous grasslands in Germany (RODER, KIEHL
2006), pine-dominated forests in Finland, (UoTiLA 1996, KALLIOVIRTA et al.
2006), in steppe communities in Russia (RYSINA 1981), in alvar forests and
shrublands, boreal heath forests, also in dry boreal forests in Estonia (PILT,
KUKk 2002).
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In Poland, the largest number of sites is found in the north-east. These are
relatively abundant sites, comprising tens to hundreds of plants (WOJTOWICZ
2000). Eastern pasque flower grows mainly in pine forests with elements of
thermophilic vegetation. The presence of this species has been determined in
Peucedano-Pinetum communities in Kurpiowska Forest (FALINSKI 1965,
CZERWINSKI 1970), Augustowska Forest (SOKOLOWSKI 1966, 1969, CZERWINSKI
1970, MATUSZKIEWICZ 1965, SOKOLOWSKI 1968), Bialowieska Forest
(SOKOLOWSKI 1966, 1991) and Knyszynhska Forest (CZERWINSKI 1995) as well as
on Dobrzyn Moraine Plateau (KEPCZYNSKI 1965). In north-eastern Poland,
P. patens has been considered as a species locally characteristic of Peucedano-
-Pinetum association and Dicrano-Pinion allion (CZERWINSKI 1978, 1995).
Easter pasque flower also also occurs in Serratulo-Pinetum (CZERWINSKI 1995)
and Querco-Pinetum associations (ENDLER 1979).

The above references, which document the presence of P. patens, are
mainly of historical value and need to be verified. The purpose of my
investigation has been to establish the current distribution of Pulsatilla patens
in nature reserves in north-eastern Poland, to evaluate the abundance of these
populations. The first step for such verification is the present analysis of the
current occurrence of P. patens in nature reserves in north-eastern Poland,
which deals with such issues as abundance of the populations and description
of the characteristics of the ecological conditions. The author has chosen
nature reserves for the research because she believes that areas under legally
imposed conservation provide good environmental conditions for the existence
and development of P. patens populations.

Material and Methods
Study area

Nature reserves where P. patens stands have been identified are in north-
-eastern Poland (Figure 1). According to the physical and geographical division
of Poland into regions, these nature reserves lie in North Podlasie Lowland
and Masurian Lake District. The area comprises part of the catchment basins
of the rivers flowing to the Baltic Sea, i.e. the Vistula, Pregola and Neman
Rivers. Another important component of the local hydrographic relations is the
vast abudance of lakes and wetlands (KONDRACKI 2001). North-eastern Poland
is in the Masurian and Podlasie climatic region, which stretches over the
eastern part of the Masurian Lakes and Podlasie (W0S 1996). The weather is
characterized by strong affinity to the continental climate with its typical
length of seasons, such as a long and freezing winter (110 days), long summer
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(90 days), but shorter spring and autumn than in the other parts of Poland.
The snow cover remains here for a long time (85-96 days) and can be up to
10 cm thick. The average annual temperature is low (7°C) and the growing
season is short, lasting about 200 days (GORNIAK 2000).

Masurian Lake District

North-Podlasie
Lowland

5 % 11
’ 13¢ 1'4 '12

15

16

Fig. 1. Location of the sites (name of reserves — see Table 1)

Study species

Pulsatilla patens is a hemicryptophyte with an upright, branching rhizome,
which makes older plants to form clumps. Two types of buds are produced
annually: one replaces the terminal bud, which is transformed to a flowering
apex and one becomes dormant, the resulting flower bud remains enclosed by
the bud scales until the spring (mid-April until mid May) of the third season.
The second type of bud produced annually is smaller and after producing
protective bud scales enters what may be a prolonged dormancy. The reserve
of viable dormant buds is augmented annually and enables the plant to
regenerate new branches if terminal apices are damaged. The largest, most
highly branched specimens which can form over 20 flowers and 50 leaves in
one growing season are frequently found in locations that are grazed or burned
(WILDEMAN, STEEVES 1982). The older individuals of Pulsatilla patens are very



380 Barbara Juskiewicz-Swaczyna

sensitive to root damage (WOJTOWICZ 2000). The seeds are dispersed by wind
in June and July over short distances. In warm and moist weather germination
occurs in late summer, but if the weather is cold and dry, it is delayed until the
next spring or seeds may remain in the transient seed bank (P1LT, KUKK 2002).
Intensity of formation of leaf rosettes, flowering and fruit bearing depends on
such weather conditions as winter temperatures, snow cover, autumn precipi-
tations, temperature and sunlight in spring (WoJTrowicz 2000). Pulsatilla
patens is a species that has a circumpolar distribution, with its western border
runnig through Lusatia and Brandeburg (KRAWIEC 1932).

Methods

Based on an inventory of nature reserves in northern Poland (Rezerwaty
przyrody... 2005), 16 objects have been selected, in which stands of P. patens
are documented (Figure 1). The data concerning the presence and abundance
of the examined species have been verified following a few steps. First, the
source references, such as the protection plans containing information about
the selected nature reserves, were analyzed. The protection plans of the nature
reserves were made available by the Regional Directorate for Environmental
Protection (RDOS) in Bialystok. Next, in each nature reserve the following
components were analyzed: distribution of the stands, abundance of the
populations, type of a community in which P. patens grows and type of the soil.
Later, these data were verified by referring them to the current data of 2010,
supplied by the Regional Directorate of National Forests (RDLP) in Biatystok.
In order to obtain a more complete picture of the changes in the presence and
abundance of Easter pasque flower, the author included the information from
scietific publications concerning the nature reserves. A field investigations was
also made in two nature reserves, such as Kulka and Pitackie Wzgérza. The
observations are shown in Table 1, in which names for plant communities
adhere to the terminology by MATUSZKIEWICZ (2007).

Results

In north-eastern Poland, the presence of Easter pasque flower has been
determined in 16 nature reserves (Figure 1, Table 1). These wildlife refuges
were established in 1970-1995 mainly to conserve woodland ecosystems,
except Kulka Nature Reserve, which was set up in 1955 in order to conserve
steppe flora. Almost all the nature reserves lie on North Podlasie Lowland,
except Pilackie Wzgérza and Kulka, which are in the Masurian Lake District.
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Table 1
Specification of data on Pulsatilla patens sites in nature reserves in north-eastern Poland
Year Data according | Current
Nature reserve of Community to the reference | state in
creation — year, presence 2010 year

1. Kulka 1955 Calcareous grassland 1955 (-) ()
2. Pilackie Wzgoérza 1989 Querco-Pinetum 1990 (+) O]
3. Lokieé¢ 1989 Peucedano-Pinetum 1997 (-) )
4. Rycerski Kierz 1989 Querco-Pinetum 1996 (-) )
5. Szelagowka 1995 Peucedano-Pinetum 2003 (-) (+)
6. Goéra Uszeécie 1985 Querco-Pinetum 1994 (+) )
7. Kukle 1983 Peucedano-Pinetum 2006 (+) (+)
8. Kurianskie Bagno 1985 Peucedano-Pinetum 1994 (+) (+)
9. Miedzyrzecze 1990 Serratulo-Pinetum 1991 (+) )
10. Woronicza 1989 Serratulo-Pinetum 2000 (+) ()
11. Stare Biele 1987 Serratulo-Pinetum 2004 (+) )
12. Goéra Pieszczana 1987 Serratulo-Pinetum 2003 (+) (+)
13. Krasne 1990 Peucedano-Pinetum 2007 (+) (+)
14. Krzemienne Gory 1987 Serratulo-Pinetum 2007 (+) )
15. Gnilec 1995 Peucedano-Pinetum 2002 (-) )
16. Sitki 1979 Peucedano-Pinetum 1991 (4) ()

While making an enviromental inventory, which was essential for setting up
a nature reserve, presence of Pulsatilla patens was determined in all these
objects. However, the populations of this species were represented by a small
number of individuals. Nonetheless, in the phytosociological tables prepared
for these areas the contribution of this species was assigned (+).

In 7 nature reserves (Table 1), Easter pasque flower occurred in communi-
ties of the sub-continental pine forest Peucedano-Pinetum. The tree stands in
such forests consist of pine trees, with single specimens of birch, oak and
spruce trees. The undergrowth is created by Convalaria majalis, Peucedanum
oreoselinum, Polygonatum odoratum, Veronica officinalis, Anthericum
ramosum, Solidago virgaurea, Carex ericetorum, Arctostaphylos uva-ursi,
Antenaria dioica, Koeleria polonica etc. These communities grow on rusty and
brown-rusty soils. The subboreal multi-species forest Serratulo-Pinetum is
a habitat of Easter pasque flower in four nature reserves (Table 1). The tree
stand in this forest consists of spruce with a considerable share of pine and oak
trees. The herbaceous plants contain, for example, Vaccinium vitis-idaea,
Melampyrum pratense, Chimaphila umbellata, Pirola chlorantha, Arctos-
taphylos uva-ursi, Goodyera repens, Polygonatum odoratum, Campanula per-
sicifolia, Calamintha vulgaris. These communities grow on rusty and brown-
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-rusty soils. In three nature reserves (Rycerski Kierz, Géra UszeScie and
Pitackie Wzgérza), Pulsatilla patents grew in a continental mixed forest
Querco-Pinetum, growing on mesotrophic loamy and sandy soils. The oldest
known stand of Easter pasque flower (documented since 1898) in Kulka
Nature Reserve grows on xerothermic grasslands of the class Festuco-Bro-
metea. Unfortunately, since 1955 the species has not been observed at this site.
Analysis of the documentation regarding these nature reserves suggests that
in 1991-1997 no stands of Eastern pasque flower was determined in 2 nature
reserves (Rycerski Kierz, Lokie¢). Another inventory study, carried out in
1999-2007, demonstrated that three more stands had disappeared (in the
nature reserves called Gilec, Szelagéwka, Miedzyrzecze). The data collected
in May 2010 show that the stands of Pulsatilla patens have been preserved only
in the following nature reserves: Krasne, Kukle, Goéra Pieszczana, Kurianskie
Bagno and Szelggoéwka (in this site the species has reappeared after a few
years). At all the examined sites, the populations were very small, consisting of
a few individuals. They have survived mainly at the edgesof forests, in open
and well sunlit places.

Ever since Easter pasque flower became a legally protected species, the
number of sites where it grew in the analyzed nature reserves has drastically
diminished (about 60%).

Discussion

In the light of the Polish law, nature reserves are areas preserved in
a natural or nearly unaltered natural state, which comprise ecosystems,
wildelife havens and natural habitats, including stands of plants, fungi and
forms of inanimate nature of outstanding natural, scientific, cultural and
landscape-related values (Ustawa o ochronie przyrody, 2004). In Poland, the
first nature reserve was established in 1827 to protect the common yew trees
(Taxus baccata) in Wierzchlas. Before 1939, about 200 nature reserves had
been created in Poland (Rezerwaty przyrody... 2005). At present, according to
the data from the Centralny Rejestr Form Ochrony Przyrody (2006) there are
1,546 reserves, among which forest reserves are the most numerous. For
nature reserves to function properly, a conservation plan has to be prepared
every twenty years, in which the following are determined: conditions for any
economic activity in a nature reserve as well as identification and ways of
eliminating potential threats. In general, nature reserves are a good and
effective form of nature conservation which enable us to preserve valuable
natural ecosystems and rare species of plants and animals. Unfortunately, this
cannot be said about sites of Pulsatilla patens. The present study indicates that
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nature reserves as a form of nature conservation are not effective in protecting
this rare species, as documented by the disappearance of P. patens in 11 out of
the 16 examined nature reserves, where the species has been previously
observed. The fact that the steppe flora in Kulka Nature Reserve in the
Masurian Lake Disrict is threatened has been implied by POLAKOWSKI (1956)
and ENDLER, ZIELINSKA (2003). Among the reasons for gradual disappearance
of rare and protected plant species, including Easter pasque flower, these
authors listed excessive growth of shrubs and increased forested area, which
drastically change the access to light.

A negative influence of excessive shading of the bottom layer of a forest by
an expansive species of the spruce Picea abies on xerothermic heliophytes has
been described to occur in Sitki Nature Reserve in Bialowieska Forest. When
that reserve was being planned to be set up, it was suggested the forest
undergrowth and some young spruce trees should be removed over a certain
area and treated as the so-called ‘unchangeable area’ (SOKOLOWSKI 1976). This
would have been a treatment producing positive influence on natural stands
of such species as Neottianthe cucullata, Pulsatilla patens, Dianthus arenarius,
Gypsophila fastigiata, Arctostaphylos uva-ursi, Potentilla arenaria, all of which
are rare in that region. Unfortunately, no such treatment has been carried out,
and consequently the abundance of these plants has been decreasing, leading
to gradual disappearance of their stands (SOKOLOWSKI 1991). A similar situ-
ation occurs in other forest nature reserves, where any actions aimed at
halting the natural succession of plants and maintaining good conditions for
such plants as P. patens have been discontinued. In some nature reserves, all
man’s intervention has been stopped due to the protection zones of bird nests
which exist in those reserves. It should be underlined that populations
of Pulsatilla patens in the nature reserves described in this paper are very
small — they were typically single specimens or groups of a few individuals.
Considering the fact that at present Easter pasque flower appears in only 5
of the analyzed reserves, in very small numbers, it can be concluded that it is
now a threatened taxon and the current conservation conditions are insuffi-
cient. This suggests that the actions undertaken to protect it have failed. It is
possible that the causes for this gradual disappearance of Pulsatilla patens are
excessive shrub cover and dense tree cover over large areas, which menas that
sunlight conditions are inferior and as a result Easter pasque flower, like other
heliophilous xerothermic plants, reced. No treatments have been introduced to
shape proper ecological conditions for the occurrence of P. patens. Should this
situation continue, it is likely that in the nearest future other valuable plant
species will disappear as well.

A decrease in the populations of P. patens has also been reported
in Harchinger Heide Nature Reserve in Germany. In 1991-2003, the abudance
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of the local populations fell from 27,000 to about 9,700 specimens (RODER,
KIEHL 2006). Although this is a relatively large number compared to popula-
tions in other parts of Europe, e.g. in Estonia, where populations of Pulsatilla
patens consist of 100-1,000 specimens and only in some sites they are as large
as about 10,000 individuals (PILT, KUKK 2002). At present, we know the data
generated by the system of monitoring involved in Natura 2000, for example
a total of 21,000 specimens of P. patens have been counted in Estonia and
between 1994-2000 some of the populations rose in abudance owing to an
improvement in the light conditions, whereas some other populations con-
tinued to diminish, mainly due to increased moss layer density. Long-term
observations in Finland imply a similar tendency — out of the 24 analyzed
populations of P. patens, 8 tended to increase, 12 were stabilized and 4 seemed
to be decreasing. A growing tendecy was obserevd at the sites with semi-open
grounds and fields as well as sufficiently scarce litter (KALLIOVITRA et al. 2003).
Good conditions for the growth of Easter pasque flower are also found in
a Nature 2000 wildlife refuge called the Grasslands in the Military Training
Grounds in Orzysz, in the Masurian Lake District (NE Poland). One of the
most numerous Polish populations of this plant species, consiting of 300
specimens, grows there (JUSKIEWICZ-SWACZYNA 2010). A preliminary inventory
carried out in 2007-2010 in north-eastern Poland by the Regional Manage-
ment of National Forests in Bialystok identified about 10 populations
of Pulsatilla patens, containing between tens to hundreds of individual plants.
The sites are localized in areas where regular forest economy is conducted. It
should be therefore assumed that man’s intervention is necessary for the
existence of Easter pasque flower as it countreacts natural succession
of plants, for example by extensive land use, removal of young trees and
shrubs, grazing by animals. In order to establish successful conservation of P.
patens in the Polish nature reserves described here, conservation plans should
be elaborated that would take into consideration habitat requirements of this
plant species; afterwards, the recommendations formulated in such plans
should be strictly followed and the nature reserves should be monitored
constantly. In nature reserves where P. patent has already disappeared, one
might consider reintroduction of populations of this plant.
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Abstract

This paper focuses on the qualitative and quantitative characterization of zooplankton in
a section of the Nida (the Upper Wkra) River subjected to revitalization treatments. At four
established sites, biological samples were taken for analyses. In total, 44 taxa of zooplankton were
determiend in the collected material. The upper section of the Wkra River, along which two sites were
set up, was in general more varied in species composition, and the structure of biocenosis was shaped
by rotifers and protozoa (mainly ameba species) in nearly equal halves. At the other two sampling
sites, localized below, along a further section of the watercourse, the structure of zooplankton was
poorer. It was colonized by larger numbers of individuals belonging to a few species of rotifers, among
which Keratella cochlearis var. tecta, Trichocerca similis and T. pusilla are the species indicating
a raised level of the trophy of the river water.
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Abstrakt

W pracy skupiono sie na charakterystyce jakoSciowej i iloSciowej zooplanktonu odcinka rzeki
Nidy (gorna Wkra) poddanego zabiegom rewitalizacji. Na wyznaczonych czterech stanowiskach
pobrano préby biologiczne do analizy. W zebranym materiale oznaczono Iacznie 44 taksony zooplan-
ktonu. Gorny odcinek rzeki Wkry, na ktérym zlokalizowano dwa stanowiska, charakteryzowal sie
ogoblnie wigkszym zréznicowaniem gatunkowym, a struktura biocenozy ksztaltowana byla niemalze
po polowie przez wrotki i pierwotniaki (przewaznie gatunki ameb). W kolejnych punktach, w dalszym
odcinku cieku, struktura zooplanktonu ulegla zubozeniu. Dominowalo kilka gatunkéw wrotkéw,
sposrod ktorych Keratella cochlearis var. tecta, Trichocerca similis i T. pusilla wskazywaly na stan
podwyzszonej trofii wod.

Introduction

For decades, watercourses have been among the water bodies most rad-
ically reshaped by man. The intensive civilization growth in the 20'* century,
development of technologies and methods which interfer with the nature,
including use of flowing waters, and man’s activity in river valleys, have
caused great changes in natural ecosystems, which often lead to irriversible
degradation. Due to such transformations, the biological function of some
rivers has become limited, the biological diversity of plants and animals
inhabiting watercourses has declined and the aesthetic role of rivers in
landscape has deteriorated.

The evaluation of threats and degradation of rivers is based on guidelines
and forms of actions suggested by the Water Framework Directive (WFD) of
2000, which should improve the ecological quality of surface waters. The
following biological components are recommended to be taken as a basis for
such evaluation: phytoplankton, phytobenthos, macrophytes, benthos invert-
ebrates and fish. The picture of degradation, obtained according to these
bioindicators and additional hydromorphological parameters, enables us to
design and implement suitable renaturation actions in river valleys, with an
aim of approximating the once lost natural character of such habitats (ZELAZO
and POPEK 2002, LUDERITZ et al. 2004).

Success in restoring the wholesome nature of a water system depends
mosty on good recognition and understanding of biological, chemical and
physical processes which occur within the system as well as their mutual
dependences/interactions.

It is therefore crucial to analyse very carefully the structure and ecology
of organisms which dwell in a given watercourse, including the link omitted
in bioindication, i.e. zooplankton. The role of plankton animals in an ecosystem
is to take part in transformation and circulation of organic matter (ALLAN
1998), to regulate the biomass of phytoplankton (GRIFFIN et al. 2001) and
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to serve as food for fish, especially for their earlier, larval stages and for fish fry
(e.g. MILLS et al. 1986, MARMULLA and ROSCH 1990, SUTELA and HUUSKO
2000). Moreover, some specific zooplankton species help us to determine water
purity of stagnant and flowing water bodies (PATUREJ and GOZDZIEJEWSKA
2005), although they are not formally included in the control procedures
established by the EU.

Zooplankton in flowing watercourses is much poorer than in stagnant
waters, both in the variety of species and number of individuals. This is due to
the the flow of water, which is a more demanding factor on many groups of
organisms. The flow of water restricts the availability of food and makes it
impossible for many groups of plankton to reproduce. The taxonomic structure
and density of zooplankton in rivers are also shaped by the eutrophic effect of
ariver catchment basin (HILTON et al. 2006), presence of tributary rivers, river
bends or old-river beds (RECKENDORFER et al. 1999), dam water reservoirs and
lakes through which a watercourse flows (NIESLER and BIELANSKA-GRAJNER
2004), pressure produced by fish (JACK and THORP 2002) and some invert-
ebrates, e.g. bivalves (LEVINTON and WALDMAN 2006).

This paper analyzes the qualitative and quantitative structure of zo-
oplankton in the upper section of the Wkra River, locally named the Nida
River (north-eastern Poland, Province of Warmia and Mazury, the admin-
istrative district of Nidzica). The section of the river is situated between
the towns of Nidzica and Szymany. It has been subjected to revitalization
treatments, including the planting of trees in the shore belt of the river
bed, placing boulders and stones on the river bottom in order to diversity
its structure and stocking with fish to rebuild the ichthyofauna of the
river (SKRZYPCZAK et al. 2010).

The purpose of this revitalization effort was to restore the natural charac-
ter of the ecosystem of the Wkra River, to rebuild and diversify plant and
animal habitats and, consequently, to increase the biological diversity in the
river channel. The underlying concept was that the river was a valuable
natural component for the local forms of nature conservation and as an
ecological channel in national and international nature networks. Addition-
ally, the restoration of the natural values of the Wkra has a social and
eco-sociological meaning. It should make the local community aware of the
undeniable benefits of preserving clean nature, including the aspect of tourist
assets of the whole region.

The aim of this paper has been to determine the qualitative and quantitat-
ive structure of the zooplaknton in the Nida River. The biocenosis of the
Nida River was undergoing some changes stimulated by the restructuring
of habitats and stocking with fish.
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Materials and Methods
Zooplankton sampling and analysis methods

Samples of the zooplankton were taken on 2 and 15 of September 2009.
Four sites were set up along the section of the Nida covered by the revitali-
zation treatments (Figure 1). Stations varied in hydrology, habitat and due to
the catchment impact (Table 1).

° Nibork Il
Litwinki

KOZLOWO
®

DZIALDOWO

0 510 15 20 km
[}

zone of sampling stations

Fig. 1. Research area localization

Site 1 was situated in the southern outskirts of the town of Nidzica, in
a developed area. Trees were planted in the shore belt between sites 1 and
2 (approximately 2 km) as part of the revitalization programme. Site 2 was set
out near the location of sedimentation tanks of the wastewater treatment plant
in Pigtki. The surrounding area consists of fallow land and shrubs. Along two,
100-meter-long sections of the Nida River, between sites 3 and 4, the bottom
of the river was made more diverse by placing boulders and pebbles. The
immediate surroundings of the river, along these sections, comprise pastures,
meadows and arable fields. No revitalization works were conducted at site 4,
located the lowest along the river, in front of the weir in Borowy Mlyn. The
area on each side of the river channel comprises grasslands and arable fields.
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Table 1
Characteristics of the zooplankton sampling sites. Modified from SkrzyPczAK et al. (2010)
Sampling site
1 2 3 4

Parameter
Geographical position N 53°21.29’ N 53°20.59’ N 53°20.44’ N 53°20.21

E 20°25.27 E 20°24.93’ E 20°24.41° E 20°23.62’
River-bed width [m] 3 3.5 4 4.5
Mean depth [m] 0.3 0.7 0.7 0.8
Water flow [m s™'] 0.4 0.3 0.3 0.2
Bottom substrate sand with gravel| muddy sand sand muddy sand

and stones
Submerged plants Elodea Sagittaria Elodea Elodea

canadensis sagittifolia canadensis canadensis

filamentous filamentous filamentous

algae algae algae
Features of river chanel regulated regulated with | regulated with regulated
seminatural seminatural
elements elements
Trees along banks
[% of bank] 10 50 50 50
Adjacent area meadows and bushes and pastures and pastures and
pastures wasteland cultivated area | cultivated area

At each site, 20 liters of water were sampled using a calibrated measuring
vessel. The sampled biological material was made denser on a 30 um mesh size
plankton net and then fixed in 4% formalin.

The analysis of the zooplankton material involved determination of the
qualitative and quantitative composition and assessment of the biomass,
Identification of the zooplankton was carried out down to the lowest identifi-
able taxonomic unit and the growth stage (FLOSSNER 1972, STERBLE and
KRAUTER 1978, RADWAN et al. 2004, RYBAK and BitEDZKI 2005). The stages
of nauplius and copepodid larvae of the copepods were not assigned to
approprate taxa. The number of individuals among the zooplankton (indiv.
dm™) was estimated according to the Hansen’s rule (STARMACH 1955). In order
to determine the individual biomass of particular zooplankton individuals,
standard weights for rotifers were applied (RADWAN et al. 2004). Regarding
crustaceans and protozoa, particular organisms were measured under a micro-
scope with a measuring lens at the maximum precision to 0.01 mm, using
transmitted light. For the purpose of estimating biomass, it was assumed that
the density of a zooplankton organism = 1. i.e. 1 mm® = 1 mg (HERNROTH
1985). Based on the results of the measurements, cubic volume of individuals
was calculated, by comparing their shape to the basic geometrical solids.
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Methods for evaluating the qualitative structure
of zooplankton

The diversity of the qualitative structure of the zooplankton was estimated
in respect of the species richness — Margalef index (MARGALEF 1957), general
species diversity — Shannon-Wiener index (SHANNON 1948), eveness value of
species — Pielou index (1966) — Table 2, the similarity and diversity in species
between communities — Jackard index (MARCZEWSKI and STEINHAUS 1959) and
Bray-Curtis index (CLARKE 1993) — Table 3.

Statistical significance of differences in values of Shannon-Wiener index
between particular sites was verified with t-test at p < 0.05.

Table 2
Measures of the diversity in the qualitative structure of the zooplankton at sampling sites
Station
1 2 3 4

Biodiversity
Taxa Richness Index 4.98 5.82 3.42 5.44
Shannon’s Index based on abundance 2.81 2.40 2.14 2.33
Pielou’s Evenness 0.886 0.777 1.16 1.35

Table 3

Measures for evaluation of the similarity/difference in zooplankton communities between particular
sites

Station
1-2 1-3 1-4 2-3 2-4 3-4
Measure/indicator
Faunal similarity 0.353 0.333 0.237 0.36 0.285 0.296
Faunal dissimilarity 0.575 0.625 0.735 0.422 0.426 0.622
Results

Diversity of the qualitative structure of zooplankton

The zooplankton in the Nida River was determined to comprise 31 taxa of
rotifers, 11 taxa of protozoa, 2 taxa of cladocerans and a growth stage of nauplius
of the copepods (Table 4). The species diversity of the biocenosis at each site
depended on the number of species and differences in the abundance of
populations belonging to particular taxa. The smallest number of taxa appeared
at site 3 (12), higher and comparable at sites 1, 2 and 4 (24, 22 and 23).
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Table 4
Species composition and abundance (indiv. dm™) of zooplankton in particular sections
of the Nida River

Station

Taxon 1 9 3 4
Brachionus angularis Gosse <1
Brachionus diversicornis Daday 2
Brachionus urceolaris O.F. Miller 2
Cephalodella auriculata O.F. Miiller 13%*
Cephalodella psammophila Koch-Althaus 2 2
Cephalodella sp. 2 <1
Colurella colurus Ehrenberg 5 11
Colurella sulcata Stenroos 1 <1
Colurella uncinata bicuspidata Ehrenberg 3 2% 2
Euchlanis dilatata Ehrenberg 1
Filinia longiseta Ehrenberg 2 <1 1
Keratella cochlearis Gosse 9* bl 6% 15%*
Keratella cochlearis var. hispida Gosse <1
Keratella cochleartis var. tecta Gosse <1 5%
Lecane closterocerca Schmarda 2 1 1
Lecane hamata Stokes <1
Lecane imbricata Carlin 1
Lecane lunaris Ehrenberg 1
Lecane stenroosi Meissner 1
Lepadella rhomboides Gosse 1
Mpytilina mucronata O.F. Miiller <1 <1
Polyarthra longiremis Carlin 2 1
Polyarthra major Burckhardt 1 <1
Polyarthra remata Skorikov 5 3* 4% 6%*
Polyarthra vulgaris Carlin 5 1
Pompholyx sulcata Hudson 2
Synchaeta sp. 1
Trichocerca cylindrica Imhof <1
Trichocerca pusilla Lauterborn 2 1 1 <1
Trichocerca similis Wierzejski 5 1 3** <1
Trichotria pocillum O.F. Miller 1
Rotatoria — total 44 17 18 51
Actinosphaerium eichhorni Ehrenberg 2 <1
Arcella discoides Ehrenberg 12%%* 8k 3k 2
Arcella gibbosa Penard Bk
Arcella megastoma Penard 1 1 2
Centropyxis aculeata Ehrenberg 3
Codonella cratera Leidy 11%* 8** 4%%
Difflugia acuminata Ehrenberg 2
Difflugia lobostoma Leidy 18%*
Difflugia pyriformis Ehrenberg 6%*
Difflugia sp. 1
Trachelophyllum sigmoides Kahl 3
Protozoa - total 56 20 7 5
Alona sp. <1
Chydorus sphaericus O.F. Miiller <1
nauplius Copepoda 2
Crustacea — total 2 1
Zooplankton — total 101 37 25 57

** _ strong domination (> 10%)
* — domination (5-10%)
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The closest similarity in the zooplankton fauna between sites was determined
for sites 1 and 4 (Table 3, Figure 2). The zooplankton at sites 2 and 4 was
characterized by a high diversity defined by comparable values determined by
Shannon index (2.40 and 2.33 respectively) and species richness index (5.82
and 5.44) — Table 2. No statistically significant differences were found in values
of the species diversity index by Shannon-Wiener between sites 2, 3 and
4 (t-test, p > 0.05). The species diversity of the zooplankton was the highest at
site 1 (2.81), and the eveness index at 0.886 accompanied by the smallest
general abundance of zooplankton (101 indiv. dm™) suggests dominance
of a few taxa which achieve high density: Difflugia lobostoma (18%), Arcella
discoides (12%) and Codonella cartera (10.5%). The species diversity at site 1,
measured with Shannon-Wiener index, was significantly different from the
other sites (t-test, p < 0.05, site 2 and p < 0.001 sites 3 and 4).

cluster analysis method

w

\]

number of test site

0.40 0.42 044 046 048 0.50 0.52 0.54 0.56 0.58
dissimilarity

Fig. 2. A dendrogram of fauna dissimilarity between zooplankton communities in the analyzed
sections of the Nida River

The most numerous and most diverse group of a higher order was
Rotatoria (Table 4). Most of the taxa classified as rotifers were found
at sites 2 and 4 (18 and 17, respectively), while the smallest number
of such taxa was found at site 3 (9). Species which were present at all
the analyzed sites along the river, being at the same time dominant ones
in the structure of zooplankton, were Keratella cochlearis (max. 27.2%
at site 4) and Polyarthra remata (max. 16% at site 3). Species of the
genus Trichocerca were present constantly, although in smaller numbers.
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T. similis appeared as a dominant (12%) at site 3. A large ecological group,
especially at sites 2 and 4, consisted of small rotifers, usually dwelling amoung
plants and/or characteristic for psammonic communities of the genera
Cephalodella, Colurella and Lecane and Lepadella. Cephalodella auriculata
reached up to 22.1% share in the total abundance of Rotatoria at site 4.

In general, the zooplankton at sites 3 and 4 was dominated in its abundance
by rotifers, whose total share was 72 and 90.4%, respectively. At the other two
sites, protozoa clearly dominated, constituting 55.2% (site 1) and 54.4% (site 4)
of the total quantity of zooplankton.

The qualitative structure of the assemblage of protozoa consisted of ten
identified species. Co-dominance of two species of amoeba was found, i.e.
Arcella and Difflugia, as well as a typical plakton species of Codonella cratera.

Single specimens representing Crustacea were found only at site 4 (Alona
sp. and Chydorus sphaericus) and at site 1 (growth stages nauplius of
copepods)

Diversity of the quantitative structure of zooplankton

Values expressing the number of zooplakton at each analyzed site along the
Nida River corresponded proportionally to the general volume of the biomass
of plankton animals, which at all the sites was shaped by the weight of rotifers
(Figure 3).

25 120
Coo ) |®® 100 | <
° 5
2 15 | g 8
= 3 60 —
Q
g 10 =
g _cg 40 L
] =]
R ) N
5]
0 0
1 2 3 4 1 2 3 4

.Rotatoria |:| Protozoa |:| Crustacea

Fig. 3. Abundance and biomass of main groups of zooplankton at the analyzed sites along
the Nida River

The highest zooplankton density and biomass were found at site 1 (101
indiv. dm= and 20.42 ug dm) and the smallest ones — at site 3 (25 indiv. dm
and 4.09 pg dm™).
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The prevailing number of Protozoa at the two sites located more upstream
created just 32% (site 1) or 22.3% (site 2) of the total biomass, while the
cladocerans present at the lowest sampling site along the river made up 37.4%
of the value of this parameter (Figure 3).

Discussion

The general species diversity of the zooplankton along the analyzed section
of the Nida River was not very high, which was due to the small number of
identified taxa and their low density. This is, however, typical of lowland rivers
similar in size to the Nida (second/third order rivers) in Poland. Plankton
animals density fits in the range between dozen and maximum of two hundred
in a litre. The highest values were recorded in spring and summer and along
the sections where the water flow was slower, fed with tributaries from nearby
lakes or dam reservoirs. It was confirmed by studies on the zooplankton of the
Lyna River (BORKOWSKA 2001, DABROWSKA 2003) and its tributaries:
the Symsarna (KUCHTA 2009, GOZDZIEJEWSKA 2009) and Maré6zka Rivers, the
Pasteka River (GOZDZIEJWSKA 2009) and the Wadag River with its tributary,
the Dymer (ENDLER et al. 2006). In general, the zooplankton in the Nida River
was slightly less numerous than in the above watercourses, which could have
been caused by a later date of water sampling (September), although the
drastically decreasing tendency observed between sites 1 and 3 may have been
due to the depressed quality of water caused by influx of pollutants from the
river catchment basin and from the town of Nidzica. The diversity of the
zooplankton biocensosis declines (10-fold less density and 30% fewer taxa)
after the Dajna River passes through a catchment basin of agricultural and
rural character (many villages), at a section 20 km in length, has been observed
by GOZDZIEJEWSKA (data not published).

The qualitative composition and proportions in the quantitative share
of higher rank groups in the waters of the Nida River reveal an image typical
of a river zooplankton biocenosis, associated with the dominance of Rotatoria,
as observed in watercourses at different geographical latitudes and verified by
researchers worldwide (SAUNDERS III and LEWIS Jr. 1988, ZARFDJIAN et al.
2000, MWEBAZA-NDAWULA et al. 2005, DJURKOVIC et al. 2008).

Adaptability of rotifers to flowing water and low concentration of foodstaff,
such as phytoplankton, in water stems from a short time of generation in this
group. At the same time, these two environmental factors limit the abundance
of other assemblages, e.g. plankton crustaceans (cladocerans and copepods),
which in stagnant water are a strong competition for shared food resources
and often directly eliminate species of Rotatoria and Protozoa (LAMPERT and
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SOMMER 2001). The qualitative and quantitative structure of the community
of rotifers at all the sampling sites was mainly shaped by common eurytopic
species: Keratella cochelaris, Polyarthra remata, Trichocerca similis and
T. pusilla. While the two former species tolerate a very broad spectrum
of environmental conditions, from lake ecosystems of different trophic rela-
tions, watercourses of variable flow (GOZDZIEJEWSKA 2009), brackish water
bodies (PATUREJ and GOZDZIEJEWSKA 2005) to shallow ponds (GOZDZIEJEWSKA
and TUCHOLSKI, in press), the latter two species are quoted as indicators of
high trophy RADWAN et al. (2004). The increasing role of these species in the
structure of the zooplankton of the Wkra River occurred in its lower sections
— sites 3 and 4. There, other indicators of eutrophication of river water
appeared, i.e. Brachionus angularis and K. cochlearis var. tecta.

The upper section of the Wkra River was characterized by a generalny
larger species diversity and the structure of biocenosis was shaped nearly
equally by rotifers and protozoa. Noteworthy is the character of site 1,
evidently different from the other sites. Higher species diversity determined at
this site was attributable to a much faster regenerating population of protozoa,
stimulated by a much more dynamic water flow in this part of the river,
characterized by a narrower channel and shallower bottom. A similar growth
in the number of Protozoa of the genus Difflugia sp. and Arcella discoides
in water flowing into a river trough behind turbines of a power generating
plant, coinciding with strong water turbulence, has been noticed by ENDLER et
al. (2006). In turn, a biological factor which led to the dominance of plankton
protozoa was most probably a very low (compared to the other sites) number
of bivalves (SKRZYPCZAK et al. 2010), which while filtrating water eliminate
both phytoplankton and small water animals (VAUGHN and HAKENKAMP 2001,
LEVINTON and WALDMAN 2006). At the two following sites (downstream) on the
Nida River, the genus Difflugia sp. was not noticed at all in the zooplankton,
while the number of Bivalvia rose a hundred-fold (SKRzZYPCZAK et al. 2010).
Moreover, the poorest in taxa and the least numerous structure of rotifers and
protozoa at site 3, versus all the other sites, could not have been caused, for
example, by the pressure produced by fish because no presence of the analyzed
Rotatoria species was determined in fish’s digestive tracts (FURGALA-SELEZ-
NIOW — oral report).

The single specimens representing cladocerans of the genera Alona sp. and
Chydorus sphaericus captured at the site located most downstream (site 4) had
most probably arrived from nearby fish culture ponds. The habitat conditions
present in this section of the river favoured preservation of populations
of small cladocerans and rotifers (e.g. Cephalodella a