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The faunistic research of dragonflies was realized during 2016 and 2017. The research was carried out under the conditions of
Botanical garden’s pond of Slovak University of Agriculture (SUA) in Nitra. 229 dragonfly individuals (1057, 1249) were trapped
during the monitored period. Trapped individuals represented 10 species and 3 families of dragonflies. The aim of the research was
to determine the species composition of dragonflies of the selected locality. Based on the representation of individual species for

the monitored locality, its dominance was also calculated.
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1 Introduction

The dragonflies (Odonata) are definitely one of the most
obvious and various group of the insects. The biology of
nature protection calls the dragonflies as an umbrella
species. So, the protection of dragonfly habitats helps
to protect the wide spectrum of other aquatic animals
with similar requirements on the environment (Noss,
1990; Lambeck, 1997; Hresko et al., 2006). Adult
dragonflies are excellent predators and flyers, but larval
stages live in the aquatic environment (Holusa, 2013).
Dragonfly larvae represent an important intermediate
stage of trophic relationships. Larvae are hunted by
larger invertebrates and vertebrates and are themselves
predators of many aquatic animals (Corbet, 1999). The
occurrence of dragonflies can give us a lot of information
about the environment and its current state. Some
species occur only in an undisturbed environment with
original ecosystems (Sacha et al., 2007; Sacha, 2010).
The knowledge of dragonfly occurrence can be used to
assess the changes in its species spectrum, or to assess
the importance and regime of environment where it
lives (Holusa, 2013). Hreska et al. (2006) states that results
of dragonfly research can be used for revitalization,
conservation and legislative measures. The presence of
dragonflies helps to indicate the overall status of both
aquatic and terrestrial habitats. Various environmental

changes reflect changes in the structure of dragonfly
communities. Dragonflies are currently also being used
to assess the impact of climate change. For example,
the so-called Loosers include Calopteryx splendens,
whose population density will decrease due to global
warming because it is sensitive to oxygen deficiency in
water (Beracko et al., 2017). Due to the increasing use of
dragonflies for the indication of global climate changes,
the aim of the research was to determine the impact of
environment on species composition of dragonflies.

2 Material and methods

Faunistic research of dragonflies was carried out under
the conditions of the park pond situated in the Botanical
Garden of the Slovak University of Agriculture (SUA) in
Nitra during 2016 and 2017 from May to August. The
Botanical Garden of SUA is a scientific and pedagogical
workplace founded on 15! January 1982. Botanical Garden
covers an area of 21.2 ha. The collection of the Botanical
Garden contains 3,765 taxa and about 1,000 cultivars.
In addition to tropical and subtropical species, plants
of temperate zone, domestic flora, ornamental plants
and crops are represented. The area of the Botanical
Garden is of irregular shape. The pond is situated in the
middle of Botanical Garden. Shores of pond are slightly
inclined and reinforced by concrete blocks. The pond is
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filled by groundwater and rainwater. Iris pseudacorus,
Sparganium erectum, Phragmites australis, Nuphar lutea,
representatives of Typhaceae and Nymphaeaceae plant
species there are extended around the pond. The aquatic
ecosystem of pond is inhabited by fish, frogs and ducks.

The method of trapping of dragonfly adult individuals by
entomological net (& 0.40 m, handle length of 1.5 m) was
used for the research. The trapping was carried out above
the water surface and close to vegetation under the
ideal meteorological conditions (clear to cloudy, warm,
complete windless or just a light breeze). The biological
material was preserved with 96% alcohol. The following
keys were used to determine the dragonflies: Askew 1988,
Hanel and Zeleny (2000), Dijkstra and Lewington (2006),
Heidemann and Seidenbusch (1993), Kohl (1998) and
Sacha et al. (2008). The classification and nomenclature of
dragonflies by Wasscher and Bos (2000) were performed.
Based on the representation of individual species of
the monitored locality, dominance by Losos (1992) was
calculated:

D=n./Nx 100 (1)
where:
n, - number of individuals of species i
N - total number of individuals

According to Tischler (1949) the individual species were
included into the dominance classes: 1 — subrecedent
(<1%), 2 - recedent (1-2%), 3 — subdominant (2-5%),
4 — dominant (5-10%) and 5 - eudominant (>10%)
(Holusa and Vanék, 2008).

3 Results and discussion

229 (1054, 124%2) individuals of dragonflies (10 species
and 3 families) were trapped and classified during 2016
and 2017. 5 species of dragonflies were classified as
Zygoptera suborder and 5 as Anisoptera. The number of
identified species represents 14.49% of the total number
of species of Slovakia (David, 2013). Eudominant (D >10%)
species were: Ischnura elegans, Coenagrion puella,
Nallagma cyathigerum and Sympetrum sanguineum.
Dominant (D >5<10%) were: Orthetrum cancellatum,
Sympetrum vulgatum, Lestes barbarus and Lestes sponsa.
Subdominant (D >2<5%) species were: Libellula depressa
and Sympetrum striolatum. Recedent and subrecedent
(D <2) dragonfly species were not recorded in this
experimental locality during the research (Table 1).

Suborder: Zygoptera

Family: Coenagrionidae

Coenagrion puella (Linnaeus, 1758)

Year 2016: 16th May: 2, 1Q; 21 June: 57, 29; 12 July:
34,19; 16 August: 33, 29.

Year 2017: 24" June: 53, 29; 30 June: 43, 1Q; 17 July:
73, 59; 4 August: 47, 3Q; 26" August: 24.

Enallagma cyathigerum (Charpentier, 1840)

Year 2016: 16" May: 23; 21 June: 33, 29; 12t July: 24,
29; 16" August: 243.

Year 2017: 24" June: 33, 29; 30t June: 2, 3Q; 17 July:
24, 29; 4" August: 2; 26" August: 15, 12.

Ischnura elegans (Vander Linden, 1820)

Year 2016: 16" May: 33, 1Q; 215 June: 57, 3Q; 12t July:
43,29;16M August: 33, 39.

Year 2017: 24" June: 43, 39; 30t June: 53, 39; 17 July:
34,29; 4" August: 23, 19; 26" August: 13, 19.

Table 1 Representation of dragonfly species and its dominance in 2016 and 2017

Species 2016 D (%) 2017 D (%)

Coenagrion puella (Linnaeus, 1758) 19 17.75 33 27.05 52
Enallagma cyathigerum (Charpentier, 1840) 13 12.15 18 14.75 31
Ischnura elegans (Vander Linden, 1820) 24 2243 25 20.49 49
Lestes barbarus (Fabricius, 1798) 7 6.54 5 4.09 12
Lestes sponsa (Hansemann, 1823) 6 5.61 8 6.56 14
Libellula depressa (Linnaeus, 1758) 5 4.67 3 246 8
Orthetrum cancellatum (Linnaeus, 1758) 8 7.47 7 574 15
Sympetrum sanguineum (Miller, 1764) 13 12.16 10 8.19 23
Sympetrum striolatum (Charpentier, 1840) 4 3.73 7 5.74 11
Sympetrum vulgatum (Linnaeus, 1758) 87.49 6 493 14

Total 107 100.00 122 100.00 229
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Family: Lestidae

Lestes barbarus (Fabricius, 1798)

Year 2016: 16" May: 13; 21t June: 23, 19; 12t July: 2¢;
16t August: 1.

Year 2017: 24" June: 13, 19; 30" June: 13; 4™ August
1d; 26% August: 13.

Lestes sponsa (Hansemann, 1823)

Year 2016: 21 June: 13; 12t July: 28, 1Q; 16" August:
13,19.

Year 2017: 24 June: 23; 30" June: 23, 19; 17 July: 23;
26" August: 13.

Suborder: Anisoptera

Family: Libellulidae

Libellula depressa (Linnaeus, 1758)

Year 2016: 21° June: 19; 12t July: 24, 19; 16" August:
1d.

Year 2017: 17t July: 3.

Orthetrum cancellatum (Linnaeus, 1758)

Year 2016: 21 June: 23, 19; 12% July: 28; 16" August:
28,19,

Year 2017:30% June: 23; 17t July: 14, 19; 4™ August: 23;
26 August: 19.

Sympetrum sanguineum (Muller, 1764)

Year 2016: 16" May: 2J; 21t June: 33, 19; 12t July: 24,
29;16M August: 23, 19.

Year 2017: 24" June: 23, 19; 30t June: 2&; 17% July: 13;
4% August: 24, 1Q; 26" August: 1.

Sympetrum striolatum (Charpentier, 1840)

Year 2016: 12" July: 2; 16™ August: 15, 19.

Year 2017: 30* June: 14, 12Q; 17t July: 24; 4% August:
28,19.

Sympetrum vulgatum (Linnaeus, 1758)

Year 2016: 21% June: 34, 1Q; 12t July: 284, 1Q; 16t
August: 1J.

Year 2017:24% June: 13, 19; 17% July: 23, 19; 4™ August:
1d.

Most of the classified dragonfly species of the monitored
locality were typically stagnicolous. Stagnicolous species
inhabit various types of aquatic habitats of calm waters
(David and Abelova, 2015). Ischnura elegans, Libellula
depressa and Orthetrum cancellatum were classified as
eurytopic dragonfly species. Eurytopic species inhabit
different habitats and can survive under the different
environmental conditions. Monitored locality is not

a habitat with running water, species typical for such
localities were not identified.

The vegetation species composition and vegetation cover
of aquatic habitats is an important environmental factor
influencing dragonflies (Hresko et al., 2006). Submerse
and natant water vegetation presence is important for
dragonfly egg laying and its development. The dragonfly
species (also called as thermophilic species) of calm
eutrophic water habitats of lowlands to uplands prefer
overheated water, such as small water reservoirs, flooded
sand pits, gravel pits, etc.

The presence of dragonflies can be considered as an
expression of the favourable state and stability of the
natural ecosystem. The largest number of dragonfly
specieslivein habitats that consist of awide range of micro
habitats with different environmental characteristics.
Olberg et al. (2000) states that Anisoptera responds much
more strongly to ecosystem pollution than Zygoptera.
It was found that environmental interventions and
changes of environmental quality caused changes in the
species spectrum of odonatocenoses in practice (Sahlén
and Ekestubbe, 2001; Wildermuth, 2001; Foote and
Hornung, 2005; Butler and Demaynadier, 2008; Simaika
and Samways, 2008; Harabi$ and Dolny, 2010). On the
basis of the above it can be stated that common species
of dragonflies typical for calm waters were recorded in
the monitored locality.

The Palearctic species (Coenagrion puella, Lestes sponsa,
Libellula depressa, Orthetrum cancellatum, Sympetrum
striolatum,  Sympetrum  vulgatum),  Circumboreal
species (Enallagma cyathigerum) and Eurosiberian
species (Ischnura elegans, Lestes barbarus, Sympetrum
sanguineum) there are widely spread on the Earth (Sacha
et al., 2008).

4 Conclusions

During the years 2016 and 2017 was carried faunistic
research of dragonflies. Were trapped 229 individuals of
dragonflies and 10 species were classified. Most of the
classified dragonfly species were typically stagnicolous.
Common dragonfly species of calm waters were
recorded in the monitored locality. Eudominant species
were: Ischnura elegans, Coenagrion puella, Enallagma
cyathigerum and Sympetrum sanguineum. Typical species
of running water habitats were not identified during the
monitored period. Research of dragonflies is important
in terms of its species diversity, which confirms the
favourable status of habitats. The results showed that
none of the identified dragonfly species indicates climate
change.
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Arbuscular mycorrhizal fungi (AMF) are often negatively affected in agro-systems. This investigation tested the hypothesis that
community structure of AMF would vary in soil sown with maize (Zea mays L.) and amended with inorganic NPK fertilizer and tillage
practice; that varietal variation of maize would have implication on their performance in a derived savanna. Field experiments were
conducted at the Teaching and Research Farm, Federal University of Agriculture, Abeokuta in the early and late cropping seasons
of 2013. Three tillage practices [conventional (CT), minimum (MT) and zero (NT)] were imposed on maize cultivars (Oba super 2
and Swan 1) in soil amended with NPK fertilizer (120 kg N/ha + 60 kg P,O./ha + 60 kg K,0/ha) and no fertilization. The treatments
were in split-split arrangement fitted into randomized complete block design, replicated thrice. The main plot consisted of tillage
practises, the sub plot consisted of maize varieties, while the sub-sub plot was made of soil amendments. Glomus was identified in
the soil in the order NT > MT > CT (early and late seasons of 2013). Similar pattern was observed on specie richness (late season),
specie evenness and diversity (both seasons). Spore count, percentage AMF colonization, specie richness, evenness and diversity
were significantly higher in non-amended soil than amended. Significantly higher spore count was observed in the rhizosphere
of Oba super 2 than Swan 1. Conversely more Acaulospora was observed in Swan 1 than Oba super 2. These evidences suggested
that NT supported enriched community structure of AMF with a predominance of Glomus. Conversely, amending soil with NPK in
this agroecology reversed this pattern, except for Glomus. Improved performance of maize in amended soil could have implied
complimentary role of Glomus apart from nutritional. Cultivar differences of maize and seasons could have explained variation in
species diversity of AMF in a derived savanna.

Keywords: Acaulospora, Glomus, NPK, spore count, Shannon-diversity index

1 Introduction the long run tillage practices might not be sustainable.

A change in demographic profile of the populace is going
to compromise the food and nutritional security of most
people, especially in the sub-Sahara region of Africa (SSA).
Maize is one of the most cultivated crop in the continent
that is used by man, animal and industry to meet their
needs. Considering the abovementioned problem there
is the need to cultivate maize intensively to increase
its productivity per unit area. Tillage and application
of synthetic soil amendments form a very important
componentin this quest for intensive cultivation of maize
in the continent. Despite its agronomic advantages, in

Comparatively, it had been reported that under no-till
there is an improvement in the community structure of
Arbuscular mycorrhizal fungi (AMF) (Melero et al., 2009),
reduced hyphae breakdown and increased fungi biota
in agroecosystem (Drijber et al., 2000). The presence of
AMF in soils have been reported to be associated with
improved nutrition (P, Zn, and Cu uptake) (Evans and
Miller, 1988), and other beneficial non-nutritional effects
(improved drought tolerance, enhances resistance to
pest and diseases and better soil structure) (Gosling et al.
2006). The effect of tillage on the colonization of the root
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however is dependent on the soil type (Kabir et al., 1999;
Mulligan et al., 1985). Few studies have been conducted
in the derived Savanna on the implication of tillage on
AMF community structure and infectivity of roots in
soils cultivated under hybrid maize. Furthermore there
have been inconsistent reports on the role of AMF in
most agroecosystems (Ryan and Graham, 2002). Modern
maize hybrid have been posited to be less dependent on
AMF but responded better to application of inorganic
fertilizer than the presence of AMF (Hetrick et al., 1993).
When examined in the context of the presence of time
of AMF infection, early infestation of most arable crops
by AMF have been linked to reduced performance
(Ryan and Graham, 2002), despite their dependency
on AMF (Daniell et al., 2001). The need to resolve these
conflicting reported justified the implementation of this
investigation.

Application of inorganic fertilizer remains one of the
sources of nutrients to maize. Other sources though
desirable in the long run due to their sustainability, in
the short term might not be economically attractive to
farmers. There have been studies of their effects on AMF
in the literature. Jensen and Jakobsen (1980) reported
that application of inorganic fertilizer would reduce
reliance of cultivated crops on AM symbiosis. Kahiluoto
et al. (2001) indicated that under fertiliser application
there would be a reduction in propagules density that
would decrease AM colonization of the arable crops like
maize. Furthermore and Johnson (1993) showed that
increased inorganic fertilizer application would reduce
AM sporulation and reduce AM community structure.
Given the above evidences Wang et al. (2011) varied
the combination of NPK together with other nutrient
sources in their investigation to ascertain their efficacy
on AM spore density and their species composition.
Their investigation concluded that balanced NPK could
be desirable for good yield and AM specie composition.
Empirical evidence is lacking to validate this fact in
other agroecological systems with different test crops,
such as maize. More so, Davison et al. (2011) reported
contrasting results of host preferences of AMF. Extending
this logic further on the effect of cultivar differences on
host preferences in a derived Savanna could allow us to
further gain insight on the host-AMF symbiosis in maize
in a derived Savanna.

This investigation tested the hypothesis that there would
be a significant varietal variation on AMF community
structure and the performance of maize cultivars in
a derived Savanna. It hypothesized that tillage practices
and inorganic N application would have significant effect
on the AMF community structure and performance of
maize cultivars in a derived Savanna.

2 Material and methods

2.1 Characterisation of site and location

Two field experiments were conducted during the
early and late wet seasons of 2013 at the Teaching
and Research Farms, Federal University of Agriculture,
Abeokuta, Nigeria. The location lies in the South-Western
Nigeria (Latitude 7° 15’ N, Longitude 3° 28'E, 75 m a.s.l).
The highest rainfall was observed in May and June
(128.2 mm) in early and August (202.6 mm) in the late
season. The maximum temperature during the cropping
season was observed in March (29.8 °C), while the
minimum was observed in August (24.3 °C).The textural
class (USDA textural triangle) of the soil was sandy with
a pH (McLean, 1982) that was strongly acidic (5.34). It
has total nitrogen (Jackson, 1962) of 2.16 mg/kg and
available phosphorus (Bray and Kurtz, 1945) of 4.0 mg/kg
with soil organic carbon (Allison, 1965) of 1.76%.

2.2 Experimental treatments and design

The field experiments consisted of maize varieties
[Oba Super 2 (hybrid) and Suwan-1 (open pollinated)]
established under different tillage practises [conventional
tillage (CT), minimum tillage (MT) and no-tillage (NT)]
and amended with inorganic NPK fertilizer (120 kg N/
ha + 60 kg P,0./ha + 60 kg K,O/ha) and without. The
treatments were in split-split plot arrangement fitted
into randomised complete block design replicated three
times. Tillage methods were in the main plot. The sub plot
consisted of the maize varieties with sub-sub plot made
of soil amendments. The seeds were sourced from the
Ogun State Ministry of Agriculture, Nigeria. Oba Super 2
is a single cross maize hybrid, with a maturity of 110 days
on the average. Suwan-1 is an open pollinated variety
(OPV) developed in Thailand.

2.3 Cultural operations

Conventional tillage was achieved through maximum soil
disturbance. Ploughing and harrowing was conducted
twice and once respectively. Conversely, minimum tillage
was achieved through relatively minimal soil disturbance
with hand hoe. The soil was left undisturbed throughout
the duration of the experiments under no-tillage. The
gross plot size was 5 x 5 m (25 m?) and net plot size of
3 x 3 m (9 m?. Sowing of maize seeds was conducted
on May 5 and August 18, 2013 for early and late season
experiments respectively. Planting was done at a spacing
of 0.75 x 0.25 m at one plant per stand to give a plant
population of 53,333 plants per hectare and 140 plants
per plot. Conventionally and minimally tilled plots were
weeded with hoes at 3 and 6 weeks after planting in
both seasons while zero tilled plots were kept weed
free with the application Atrazine at 3.5 kg a.i/ha as
pre-emergence herbicide at planting, while Glyphosate
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applied before planting. Fertiliser was applied at 120 kg
N/ha+ 60 kg P,0./ha + 60 kg K,0/ha) using inorganic NPK
fertilizer (NPK20:10: 10) at 600 kg/ha at two weeks after
planting (2WAP). Harvesting was done on the August 10
and November 30, 2013 for early and late season trial
respectively.

2.4 Sampling and data collection

2.4.1 Soil sampling

A composite soil sample was collected randomly from the
depth of 0-20 cm. It was later air dried and sieved before
the evaluation of soil physical and chemical properties.

2.5 Preparation of soil and root samples

Soil samples were collected the depth of 0-20 cm from
each plots. Collected root samples were rinsed in water
and preserved in 50% ethanol solution. Root samples
were prepared using the methods modified by Phillips
and Hayman (1970). Preserved roots were washed free of
ethanol, bleached in 10% KOH at 90 °C for 30 minutes.
The bleached roots were rinsed to remove excess KOH
and stained in acidic glycerol containing methyl blue
lacto-glycerol (1 :1:1:0.5 g) at 90 °C for 2 minutes.
Prepared root samples were rinsed off staining solution
with clean tap water, cut into 1 cm pieces. They were
preserved with 40% glycerol solution for further viewing
under compound microscope to determine percentage
root colonisation.

2.6 Isolation of spores from soil
and identification of AMF

Extraction of spores from soil was done using the wet
sieving method described by Gerdemann and Nicolson
(1963). Twenty grams of soil samples were collected from
each plot and air-dried. The samples were wet sieved in
order of decreasing fineness. Screenings from the sieves
were washed into 50 ml centrifuge tubes using a small
stream of distilled water. Tubes were centrifuged at 4000
rpm for 2 minutes. The supernatant was decanted and
replaced with 50% sucrose solution, then centrifuged
at earlier mentioned conditions. Spores were extracted
from the supernatant by washing off sucrose solution
and pouring them over a clean 0.045 mm sieve. AMF
spores were collected in clean sample bottles and spores
were counted under a dissecting microscope at x80
magnification. Each spore type was mounted in polyvinyl-
lactic acid-glycerine (PVLG) (Koske and Tessier, 1983) and
the PVLG mixed with Melzer’s reagent (Brundrett and
Abbott, 1994). The spores were identified at the genus
level on the basis of size, spore-wall structure, Melzer’s
reaction, colour and presence or absence of subtending
hyphae and compared with descriptions of fungal genera
according to taxonomic criteria (Pérez and Schenck,
1990).

The assignment of AMF morphotypes to families followed
the consensus classification of Redecker et al. (2013).

2.7 Data collection

Spore count and percentage AMF colonisation were
sampled at 2, 4 6, 8 and 12 WAP in both seasons. The
total number of spore per sample was evaluated as
the presence of spores from all the species in a sample.
Relative species abundance was determined as the
ratio of the number of spores from a particular species
to the total number of spores recovered from the soil
sample. Community structure of AMF was evaluated as
the product of species diversity, richness and evenness.
The Shannon Wiener’s diversity index (H) (Shannon and
Weaver, 1949) was used to determine the diversity of AMF
species in each sample. Species richness was represented
as total number of species recovered in each site. Specie
evenness was computed by diving the Shannon diversity
by the log of specie richness (Abdelhalim, Finckh, Babiker
and Oehl, 2014). Percentage AMF colonisation was
determined according to (Giovannetti and Mosse, 1980).

2.8 Grainyield

Harvesting was conducted at harvest maturity. Grain
yield was evaluated from the net plot in the middle rows
with an area of 3 x 3 m and extrapolated to grain yield
kg/ha.

3 Results and discussion

Tillage had significant effect on the spore count at 6 WAP
in the late season (Table 1). Tillage effect on the spore
count was in the order zero > minimum > conventional
tillage. Similar pattern was observed on the percentage
AMF colonisation at 2 WAP (early and late seasons) and
6 WAP (late season) (Table 2). Conversely it was observed
that Glomus was the most AMF specie (early and late
season) in the order Conventional > minimum > zero
tillage (Table 3). In the late season specie richness was in
the order zero > minimum > conventional tillage (Table
4). Similar pattern was observed on specie evenness
(both seasons) (Table 5) and species diversity (both
seasons) (Table 6).

Inorganic fertiliser had a significant effect on spore
count at all period of investigation except at 2 WAP
(Table 1). Significantly higher spore count was observed
in soil without soil amendments than plots with the
application of NPK fertiliser. Similar pattern was observed
on percentage AMF colonisation at both seasons in the
4 WAP, 6 WAP (early season), 8 WAP (late season) and
10 WAP (both seasons) (Table 2). At both seasons Glomus
was significantly higher in soil amended with NPK than
those without (Table 3). Conversely, in both seasons
significantly higher Gigaspora species was observed in
soils without soil amendments than those amended
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Table 1 Effect of tillage, inorganic fertiliser application rate on the spore count of AMF in soils sown with maize variety
(early and late planting season, Abeokuta)
2 WAP 4 WAP 6 WAP 8 WAP 10 WAP
season season season season season
Treatment early late early late early late early late early late
Tillage (T)
Conventional 6.50 742 33.83 30.00 64.92 77.7 122.6 98.3 137.8 99.8
Minimum 12.67 16.67 33.75 33.67 74.83 113.9 124.5 130.9 140.3 127.2
Zero 9.42 9.42 28.92 28.42 67.50 116.5 105.5 131.9 124.9 131.3
LSD 4412 4.254 NS NS NS 23.76 NS 0.2441 NS 15.99
Fertilizer (F)
without 9.39 9.72 34.67 33.67 74.50 116.1 126.2 133.6 143.2 1329
NPK fertilizer 9.67 9.094 29.67 27.72 63.67 89.3 108.8 107.1 125.4 105.9
LSD NS NS 4.903 5.331 6.981 9.46 144 9.66 16.06 7.64
Variety
Oba super 2 9.22 9.61 32.39 31.33 68.56 104.2 121.6 122.8 141.3 121.3
Suwan 1 9.83 10.06 31.94 30.06 69.61 101.2 113.5 117.9 127.3 117.5
LSD NS NS NS NS NS NS 7.7 5.88 5.18 4.96
TxF NS NS NS NS NS NS NS NS NS NS
TxV NS NS * NS NS NS NS NS NS NS
FxV NS NS NS NS NS NS NS NS NS NS
TXFxV NS NS * NS NS NS NS NS NS NS

NS - not significant, LSD - least significant difference, WAP - weeks after planting,* - significant at 5% probability level, NPK fertilizer (120 kg N/ ha

+60 kg P,0,/ha + 60 kg K,0O/ha)

with NPK. Similar pattern was observed on Acaulospora
species in the early season (Table 3). In both seasons
unidentified AMF was observed to be significantly higher
in unamended soil than amended with NPK. The order
of specie richness and evenness at both seasons was
unamended soil >NPK (Tables 4 and 5). Similar pattern
was observed on species diversity at both seasons (Table
6). Conversely, grain yield at both seasons was in the
order NPK> unamended soil (Table 7).

Significant varietal variation was observed on spore count
at both seasons in 8 and 10 WAP (Table 1). Significantly
higher spore count was observed in soils that had hybrid
maize sown than those sown with OPV. Conversely, in
the early season significantly more Acaulospora was
observed in soils where OPV was sown than those with
hybrid maize (Table 2).

Tillage and application of synthetic input form an integral
component of intensification of agroecosystem. Under
zero tillage the significantly increased spore count of
AMF observed at 6 WAP (late season) could have been
associated with the significantly higher AMF colonization
than other tillage practices in the same period. Under
conventional tillage the reduced root colonization could

also be linked with soil inversion, burying of propagules
(Kabir, 2005) and reduced volume of soil exploited by AMF
(Evans and Miller 1988). Under zero tillage the increased
spore count observed could also have been linked with
the species diversity. While observed increased specie
evenness and richness under zero tillage could have
suggested increased species diversity under this tillage
practice. Changes in the community structure under
zero tillage could also be associated with increased
labile carbon (Melero et al., 2009), reduced fluctuation in
temperature (Zhang et al.,, 2014) and increased enzymic
activities together with nutrient turnover (Frey, Elliott,
and Paustian, 1999). Specie richness was observed in
this study to be more in the late season than in the wet
season. Similar observation was made by Tchabi et al.
(2008). In their study they observed that specie richness
decreased with increasing wet seasons in the tropics.
Their observed specie richness was in the order Sudan
> Northern guinea > Southern guinea. This could be
explained by the availability of water and nutrients in the
soil. Dry season is characterized by reduced precipitation
and nutrientavailability compared to the wet season. AMF
species survive mostly in marginal soils with low fertility
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Table 2 Effect of tillage, fertilizer application and variety on mycorrhizal colonization (%) of maize in 2013 early and
late planting
2 WAP 4 WAP 6 WAP 8 WAP 10 WAP
season season season season season
Treatment early late early late early late early late early late
Tillage (T)
Conventional 0.00 0.00 9.90 10.27 54.10 54.1 66.6 67.1 75.51 72.2
Minimum 1.1 1.66a 10.01 10.01 46.90 46.9 723 70.8 81.62 79.7
Zero 1.66 2.50a 8.88 8.33 47.70 38.0 62.00 53.6 73.86 68.3
LSD 0.227 1.090 NS NS NS 7.00 NS NS NS NS
Fertilizer (F)
without 1.29 1.66 11.66 11.29 54.0 494 71.2 65.7 83.11 76.8
NPK fertilizer 0.55 1.1 7.59 7.77 451 433 62.8 61.9 70.89 70.0
LSD NS NS 1.808 2.169 8.12 NS NS 15.85 3.52 5.07
Variety
Oba super 2 0.55 1.29 9.27 9.08 52.2 48.3 68.4 65.7 77.2 72.5
Suwan 1 1.29 1.48 9.99 9.99 46.9 443 65.6 61.9 76.8 74.2
LSD NS NS NS NS NS NS NS NS NS NS
TxF NS NS NS NS NS NS NS NS NS NS
TxV NS NS NS NS NS NS NS NS NS NS
FxV NS NS NS NS NS NS NS NS NS NS
TXFxV NS NS NS NS NS NS NS NS NS NS

NS - not significant, LSD - least significant difference, WAP - weeks after planting,* - significant at 5% probability level, NPK fertilizer (120 kg N/ ha

+60 kg P,0,/ha + 60 kg K,0O/ha)

status (Ratnayake, Leonard and Menge, 1978). The most
predominant specie of AMF under conventional tillage
was Glomus. Increasing land intensification resulted in
changes in specie composition in the order Glomus >
Aculospora > Gigaspora in the study conducted by Tchabi
etal. (2008). The persistence of Glomus specie under land
intensification was reported to be linked with the speed
and intensity of their spore formation and their rapidity
in colonizing the root (Oehl et al., 2003). Other reasons
provided for the survival of Glomus species under
conventional tillage was linked with anastomosis, the
fusion of their hyphae under soil disturbance. Increased
anastomosis of Glomus species under conventional
tillage had been associated with reduced disruption of
hyphae network (Sbrana et al., 2011).

The percentage of AMF colonization in the root of maize
with no fertilizer application observed in the early and
late seasons of the year under investigation could have
been explained by the spore count during those periods.
Similar observation was made by Jensen and Jakobsen
(1980), where they reported that under soil amendments
there was reduced reliance on AMF symbiosis in crops as
indicated in the reduced percentage of AMF colonization

and reduced propagules density (Kahiluoto et al., 2001;
Treseder and Allen, 2002), which resulted in reduced
sporulation (Johnson, 1993). These earlier reported
response pattern of AMF under inorganic fertilizer
application have been reported not to be general in all
cases as reported by Jumpponen et al. (2005). This could
be explained by the dependency of the crop on AMF
symbiosis (Evans and Miller, 1988), soil type and its
nutrient availability (Titus and Leps, 2000), the
combination of nutrients involved and the length of sail
amendment from inorganic sources. Wang et al. (2011);
Wang et al. (2008) had reported that increase in spore
density under long term fertilization of the field in China
was in the order NP > PK > NPK. It could be speculated
that such pattern of response of spore density of AMF
could also have been displayed under short term soil
amendment from inorganic sources in this study. There is
need to provide empirical validation for the effect of
different combination of macronutrients under short
term studies in this agroecology. Hepper (1983) posited
that in long term study of the effect of inorganic soil
amendments on AMF spore density the presence of N
and K could have offset the negative effect of high P in
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Table 3 Effects of tillage, fertilizer and variety on AMF spore abundance (%) of maize in 2013 early and late planting
season
Glomus Gigaspora Acaulospora Scutellospora Unidentified
season season season season season
Treatment early late early late early late early late early late
Tillage (T)
Conventional 76.8 87.6 6.75 5.59 8.77 7.68 7.24 3.98 0.77 0.85
Minimum 67.4 73.5 748 7.80 12.94 13.41 9.91 9.40 2.06 1.74
Zero 52.8 56.6 10.58 10.25 16.66 15.01 13.09 10.16 3.38 3.30
LSD 8.24 13.46 NS NS NS NS NS NS NS NS
Fertilizer (F)
without 59.1 63.9 10.70 9.36 14.47 1245 11.0 8.71 2.85 2.64
NPK fertilizer 72.2 81.2 5.72 6.40 11.10 11.61 9.05 6.98 1.29 1.29
LSD 4.52 13.96 3.87 2.53 345 NS NS NS 0.3226 0.602
Variety
Oba super 2 66.5 723 7.96 837 11.85 11.56 10.48 9.09 2495 2.10
Suwan 1 64.8 72.8 8.46 7.39 13.59 12.50 9.67 6.61 2.446 1.82
LSD 7.40 NS NS NS 1.96 NS NS NS NS NS
TxF NS NS NS NS NS NS NS NS NS NS
TxV NS NS NS NS ** NS NS NS NS NS
FxV NS NS NS NS NS NS NS NS NS NS
TXFxV NS NS NS NS * NS NS NS NS NS

NS - not significant, LSD - least significant difference, WAP — weeks after planting, * - significant at 5% probability level, ** — significant at 1%
probability level, NPK fertilizer (120 kg N/ha+ 60 kg P,0,/ha + 60 kg K,0/ha)

the soil. Contrary to the short term effect of inorganic
fertilizer on AMF spore density, the observed increase of
this variable was explained to be due to the effect of
inorganic fertilizer on growth of the host crop. Improved
growth under this condition would have increased the
supply of carbon to AMF symbionts, consequently the
observed increase in AMF spore density under long term
effect. Probably the presence of nutrient combination in
this study could not offset the negative effect of the
presence of P in the nutrient combination. Alternative
explanation could be the acidic nature of the soil could
have affected spore count in both seasons with the
application of inorganic NPK. This observation was
corroborated by the findings of Mohammad et al. (2003)
in their studies. The observed changes in the community
structure under NPK amendment could be associated
with the specie richness and evenness compared to that
of soil that was not amended in this study. Wang et al.
(2011) reported that application of inorganic soil
amendments in China resulted in a significant decrease
in specie richness and diversity of AMF. Liu et al. (2009)
further indicated that changes in community structure of
AMF in their study were dependent on host phenology,
edaphic factors and the habitat of host. The soil samples

taken in this experiment were at the vegetative growth
stage. It had earlier been reported by Schalamuk et al.
(2006) that AMF species diversity increases with the
growth stage. This factor could have confounded the
effect of inorganic NPK amendment on the community
structure in this experiment. The pH of the soil and its
particle distribution are some of the edaphic factors that
could have combined with NPK application in changing
the community structure of AMF compared with
unamended soil. Thompson (1991) reported that the
activities of AMF are most pronounced in alkaline, heavy
clay soil. The soil under this investigation was acidic with
sandy textural class. These two factors could predispose
the soil to reduced AMF species diversity compared to
unamended soil in this agroecology. In this study
Acaulospora specie of AMF was observed to be
predominant in unamended soil in the early season.
Tchabi et al. (2007) had earlier reported that duration of
the dry season significantly changed the species diversity
in favor of Gigasporaceae while that of the Acaulospora
and Glomus were reduced. This could have explained the
observed pattern of species in our study with respect to
the seasons. Acaulospora was significantly higher than
other species of AMF under no soil amendments than
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Table 4 Effects of tillage, fertilizer and variety on AMF species richness, evenness, Shannon Weiner diversity index and
grain yield in 2013 early and late planting season
Species richness (S) Species evenness (E) Shannon Weiner Grain Yield (kg/ha)
diversity index (H)
season season season season
Treatment early late early late early late early late
Tillage (T)
Conventional 4.33 4.08 0.53 0.41 0.77 0.58 2251 1775
Minimum 4.50 4.50 0.65 0.62 0.98 0.92 1874 1270
Zero 4.58 4.67 0.78 0.73 1.18 1.1 1649 1724
LSD NS 0.23 0.14 0.07 0.19 0.14 NS NS
Fertilizer (F)
without 4.72 4.83 0.72 0.64 1.12 1.01 1272 1333
NPK fertilizer 422 4.00 0.58 0.52 0.84 0.73 2577 1846
LSD 0.41 0.65 0.06 0.09 0.11 0.14 447.3 365.7
Variety
Oba super 2 4.39 4.39 00.65 0.60 0.97 0.89 1920 1698
Suwan 1 4.56 4.44 0.65 0.51 0.99 0.84 1929 1481
LSD NS NS NS NS NS NS NS NS
TxF
TV NS NS NS NS NS NS NS NS
FxV NS NS NS NS NS NS NS NS
TxFxV NS NS NS NS NS NS NS NS

NS - not significant, LSD - least significant difference, WAP — weeks after planting, * — significant at 5% probability level, ** - significant at 1%
probability level, NPK fertilizer (120 kg N/ha+ 60 kg P,0,/ha + 60 kg K,0/ha)

those soils amended with inorganic NPK. Oehl et al., 2004
observed that the predominance of Acaulospora was
linked to organically managed soil. This could not be
substantiated in this experiment, since post-planting soil
analysis was not conducted. It could be inferred that the
presence of organic residue from litters could have
altered this C content of the soil. This is however subject
to further empirical validation. AMF specie Glomus was
observed in this study to be more under inorganic NPK
amendment. This is consistent with earlier studies that
indicated that AMF specie composition under intensive
land use was in the order Glomus > Acaulospora >
Gigaspora (Tchabi et al., 2007). This observed pattern
could also have been linked with the fact that Acaulospora
sporulate later than Glomus (Oehl et al., 2004). It had
been reported that N or any of the water soluble fertilizers
adversely affects Gigasporaceae population than earlier
enumerated AMF species (Egerton-Warburton and Allen,
2000). The presence of other unidentified AMF species in
this agroecology under the use of inorganic fertilizer is
consistent with studies earlier conducted by Tchabi et al.
(2007). In their study they were able to identify high
specie richness in West Africa in varied agroecological

zones under different land use. Despite the observed
improved community structure under zero application of
fertilizer as occasioned by their specie richness and
evenness grain yield of plots treated with inorganic
fertilizer was observed to be higher than those without
any soil amendment, this could have suggested that
changes in community structure had effect on the
performance of maize under this treatment in this
agroecology. Available evidence in this study could have
allow us to infer that Glomus specie of AMF could have
played a predominant role among other species in
conferring a positive effect on the performance of maize
since they were the dominant specie of AMF when the
soil was amended with NPK fertilizer. The underlying role
of Glomus specie in this regard could not be explicated.
This position conforms to the position of Jansa et al.
(2003) where he posited that effect of changes in the
community structure of AMF on maize performance
could not be explicated. However, Wang et al. (2011)
opined that a balanced NPK is good if crop yield and
together with species diversity is considered. However
this was not confirmed in our own study, since it was only
the performance of maize that was observed without
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a corresponding improvement in species diversity. The
observed pattern here could also be explained by the
fact that modern hybrid of maize are bred to respond to
high fertilizer application with low AMF dependency
(Hetrick et al.,, 1993). Other factors that could have
explained the observed community structure changes
under soil amendments and the performance of maize in
this agroecology could have been the phenology of the
host, nutrient availability in the soil and plant (Liu et al.,
2009). The time of sampling the soil for AMF spore count
was conducted at the vegetative growth stage. Increasing
growth stage irrespective of the treatment imposed it
was observed resulted in significant increase AMF species
diversity (Schalamuk, Velazquez, Chidichimo and Cabello,
2006). This could have explained the observed pattern of
AMF species diversity in this study considering the
tolerance of Glomus specie in all circumstance in this
agroecology. The pre-planting acidic nature of the soil of
the experimental site could have affected AMF
community structure (Thompson, 1991). Other line of
evidence was provided by Oliveira et al. (2009), where he
posited that AMF colonization in the tropics was
associated more with the P efficiency in maize than soil
available P. All these evidences corroborated the fact that
the performance of maize under this soil was related to
nutrient availability to them than changes in the
community structure of AMF. The performance of maize
could be explained by the fact that probably in the early
season there was a reduced infestation of maize by AMF;
hence the Carbon cost incurred by the host would be
reduced considering reduced AMF species diversity
(Graham, 2000). All these hypotheses still needed further
empirical validation.

Spore count had been reported to be related to the
AMF colonization in cultivated crops (Khalil, Loynachan
and McNabb, 1992). The observed spore count in hybrid
at the later vegetative growth stage in both cropping
season could have suggested that the Carbon cost
to AMF would be reduced compared to the OPV. This
would have implication on the yield, though this was
not established in this experiment, a pattern of higher
yield in the hybrid than OPV though not significant was
established in the late cropping season. This pattern
was established despite the fact that modern maize
hybrid were established to benefit more from fertilizer
application than there dependency on AMF (Hetrick et
al., 1993). However, the possibility of maize encountering
low nutrient availability in the late season is high
especially under low precipitation observed from August
till the end of the cropping season in this investigation.
Hence this is where their P use efficiency would be more
germane, especially for the hybrids in the tropics. Though
we could not establish the P use efficiency of the maize

cultivars used we hypothesize that a high P use efficiency
in hybrid maize could favor increased root exudation with
increased AMF colonization (Ratnayake et al., 1978). This
could have serve as a proximate mechanism for the high
spore count observed under hybrid maize. This is subject
to further testing. The underlying mechanism response
for the significantly higher number of Acaulospora in
OPV compared to hybrid could not be explicated in this
experiment.

5 Conclusion

AMF colonization of the maize cultivars under tillage
practices was in the order zero tillage > minimum >
conventional tillage in both seasons. Similar pattern was
observed in the spore count. It could be inferred that AMF
colonization is associated with the spore count in the soil.
AMF species diversity under different tillage practices
also followed similar pattern. This could be linked with the
observed species richness and evenness under different
tillage practices. It was observed that the most dominant
AMF specie was Glomus under conventional tillage in
both seasons. In both seasons (4 and 8 WAP) percentage
AMF was significantly higher in unamended soil than
those treated with inorganic N. This pattern was also
observed in the spore count. AMF species diversity was
observed (both seasons) to be higher in unamended soil
than those with inorganic N. In unamended soil Gigaspora
sp was significantly more than other AMF species in both
seasons. However, Acaulospora sp was more in the early
season in unamended soil. Conversely in soil amended
with inorganic N Glomus species was observed to be
more than other. This observation is consistent with
earlier reports in the literature, where it was observed
that with increasing duration of the dry season
Acaulospora and Glomus are lesser in the soil than. It was
suggested that this specie of AMF is more resilient under
intensive cropping system. In both seasons the observed
performance of maize cultivar with the application of
inorganic N could have suggested that modern maize are
bred to be more responsive to fertilizer application than
their dependency on AMF. The observed pattern of spore
count at the later stage (8 and 10 WAP) in both seasons
for both maize cultivars used could have suggested the
growth stage dependency of AMF infestation. However,
this was more pronounced in the hybrid than the OPV.
The assertion that modern hybrid maize are more
dependent on nutrient application might need a second
look, considering the low assimilate remobilization
efficiency of maize. In conditions of increasing nutrient
deficiency especially at the late growth stage maize
might benefit from association with AMF. This would be
most pronounced if there were differences in P utilization
efficiencies between hybrid and OPV. Variation in this
factor would elicit differences in the release of exudates

© Slovak University of Agriculture in Nitra

Faculty of Agrobiology and Food Resources

121



Acta fytotechn zootechn, 22, 2019(4): 114-123
http://www.acta.fapz.uniag.sk

and efficacy of maize-AMF association in a derived
savanna. This hypothesis is subject to further empirical
validation.
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The aim of the experiment was to evaluate the technological meat quality of the breed White Mangalitsa through the pH, electric
conductivity, drip loss and meat color parameters. Totally, 20 pigs of the breed White Mangalitsa (10 barrows and 10 gilts) were
evaluated. Pigs were bred under the intensive breeding conditions. The animals were fed ad libitum using a complete feed
compound with the added silage. Pigs were slaughtered upon reaching 110 kg of live weight. The muscles of MLD (Musculus
longissimus dorsi) and MSM (Musculus semimembranosus) were evaluated. The meat quality analysis showed that pH, was similar
between the muscles. The evidently lower pH, value was in MLD (P <0.01). The EC, value (P <0.01) was significantly higher in the
MSM muscle. The EC, values in MLD and MSM were similar. Between the muscles, an evidentiary difference was observed in water
drip loss (P <0.01), higher losses were recorded in MLD. In the SCI a* and SCI b* values, which express the redness and yellowness of
the meat, the values in MSM were higher. The lightness of the meat (SCI L*) was the same in both muscles. The differences between

the sexes in the observed qualitative parameters were not detected.

Keywords: mangalitsa, Musculus longissimus dorsi, Musculus semimembranosus, pork, quality

1 Introduction

According to Honikel (1998a), a technological quality
of meat is particularly important for its processing and
preparation. At present, we follow a range of criteria for
assessing the technological quality of pig meat, such as
pH, colour of meat, conductivity, dripping of meat juice,
fat content, collagen content, etc. (Honikel, 1992).

The indigenous breeds, such as Iberian and Mangalitsa,
are known to have desirable quality properties of meat
that could be of interest to many farms giving them the
possibility to produce unique high-quality meat products
(Straadt et al., 2013). Mangalitsa is one of the most
popular rustic pig breeds in Europe (Parvu et al., 2012).
It is a typical representative of a fatty pig breed. This
means that of the total body weight, fat tissue accounts
for 65-70% and proportion of meat represents 30-35%
(Egerszegi et al., 2003). Fresh meat of this breed is darker,
more juicy and softer than the meat of other pig breeds.
Its smell is more specific. Fragility is also much higher
compared to other pig breeds (Flegler, 2015). Meat has

got excellent properties, such as taste, marbling and
alow content of cholesterol (Parvu et al,, 2012). The meat
is of very good quality, but it has a very high content of
fat at a bad lifestyle (Steffen et al., 2008).

Within the context of the practical control of the meat
quality, the most important qualitative criteria are, in
particular, the pH value, electrical conductivity, dripping
of meat juice (Honikel, 2007). The meat colour plays a key
role for a consumer as he/she combines the red colour
of the meat with freshness, palatability and softness,
although there does not have to be any connection
between these qualitative parameters (Tikk et al., 2008;
Mancini and Hunt, 2005). Productive parameters of pigs
and meat quality traits may be influenced by multiple
interacting factors before and after slaughter. These
include breed, sex, genotype, feeding, production
systems, pre-slaughter handling, stunning method,
slaughter procedure, chilling and storage conditions
(Rosenvold and Andersen, 2000; Olsson and
Pickova, 2005; Nevrkla et al., 2016).
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The aim of this study was to evaluate the meat quality of
the breed White Mangalitsa in the Musculus longissimus
dorsi and Musculus semimembranosus under the
intensive breeding conditions with regard to sex.

2 Material and methods

2.1 Biological material

The experiment was implemented at the Experimental
Centre of Animals at the Slovak University of Agriculture
(SUA) in Nitra. Totally, 20 pigs of the breed White
Mangalitsa (10 barrows and 10 gilts) were evaluated.

2.2 Feeding and rearing conditions

Pigs were housed in the group pens on a full concrete
floor with litter. Automatic feeders for dry fodder and two
pin feeders were part of the pen. The temperature in the
building was maintained at 18-20 °C. The air exchange
in the building worked on the principle of vacuum
ventilation. The air is drawn into the building through
the ventilation self-regulating flaps, which were located
in the suction channels and supply the fresh air from
the outside. The livestock manure removal was carried
out manually by means of a rotary swathe. The housing
pen was manually cleaned every day and manure was
temporarily stored in a container.

The pigs were fed by using a conventional compound
feed with the addition of voluminous feed (clover-grass
silage and maize silage in a ratio 1: 1). Animals were fed
and watered ad libitum. The basic nutrient composition is
to be seeninTable 1.

Table 1 Basic Content of Nutrients in Feed

In % in the original mass | Feed compound | Silage mix
Dry matter 90.20 34.89
Crude protein 14.85 5.76
Fat 3.27 0.90
Fibre 441 9.16
Ash 3.58 3.50
Nitrogen free extract 64.09 15.57
?:AeJt/T(I:;c))Iisable energy 13.10 288

2.3 Technological parameters of the meat quality

Pigs were slaughtered upon reaching 110 kg of live
weight. Firstly, the animals were electrically stunned by
electric forceps during 4 s with the voltage 250 V and the
amperage 1.3 A. The slaughtering was realized according
to Government Regulation (SR) no. 432/2012 of the
coll. of the Slovak Republic establishing the protection
of animals during the slaughter. The meat quality
parameters were evaluated in the longest MLD back

muscle (Musculus longissimus dorsi) at the level of the
last thoracic vertebra and in the MSM muscle (Musculus
semimembranosus).

The values pH 45 minutes (pH) a 24 hours (pH,)
post mortem were measured by the pH meter Hanna
HI99161 in units-log10[H*]. The electric conductivity
was determined 45 minutes (EC) and 24 hours (EC)) post
mortem by using an instrument Tecpro in unit mS/cm.
Drip losses in MLD and MSM were measured 24 h post
mortem by the method according to Honikel (1998b).
The meat colour was measured in MLD and MSM
24 hours post mortem by using the spectrophotometer
CM-2600d with CIE Lab space and illuminate D65 (Konica
Minolta, Japan). The following colour coordinates were
determined: L* (lightness, white + black), a* (redness, red
+ green) and b* (yellowness, yellow + blue). The values
were recorded from the average of the three random
readings across each muscle surface.

2.3 Statistical analysis

The data were analysed using the SAS statistical program,
Version 9.1. The following was calculated within the
descriptive statistics: number (n), average, minimum
(min), maximum (max), standard deviation (S) and
variation coefficient (V). Within a detailed statistical
analysis, normality was tested in individual groups and
indicators using the Shapiro-Wilk test. The statistically
evidentiary differences between the compared groups
were tested in the case of the normal distribution using
the General Linear Model method. If the file did not have
a normal distribution, a non-parametric Mann-Whitney
U-test was used.

3 Results and discussion

Table 2 shows the results of the pH values compared
according to muscles and sex. According to Kim et al.
(2016), the initial pH and the final post mortem pH belong
to the essential factors in determining the quality of pork.
The differences in the pH, values between the muscles
and sexwere not statistically significant. We have recorded
a lower pH, in the MSM muscle, where the minimum
values pointed to the occurrence of the PSE qualitative
variation (pale, soft, exudative), since according to
Honikel (2007), meat is considered PSE when the pH,
value is lower than 5.80. The variability of the measured
values was relatively low and ranged from 2.60 to 5.36%.
24 hours after slaughter, we have found a statistically
significant difference in pH, between the MLD and
MSM muscles (P <0.001). We have recorded a greater
decrease of pH, in the MLD muscle (MLD 5.74 and MSM
5.84). The variation coefficient was relatively low and
ranged from 0.78 to 1.04%. Unlike us, a more significant
decrease in pH, was recorded in the mangalitsa breed
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in MLD (5.69 +0.07) (Lipova et al., 2019). Parunovic et al.
(2013) found the pH, values at the level of 5.77 £0.05 in
the breed White Mangalitsa, which are comparable with
our results. We have not found any gender differences
between the groups. Similarly, Kasprzyk et al. (2015) have
not find any gender differences in pH, and pH, values
when comparing different pig genotypes.

Thanks to the post mortem changes in the muscle,
detection of electrical conductivity enables to determine
quality deviations. According to Honikel (2007), the
conductivity in the intact and lively muscle is very low,
since the cell membrane prevents the flow of ions.
The death start leads to a partial destruction of the
cell membrane, which becomes ion-permeable and

electrical conductivity increases. Table 3 demonstrates
the values of electrical conductivity by muscle and sex
45 minutes (EC)) and 24 hours (EC) after slaughter. We
have found statistically evidentiary higher conductivity
of EC, (P<0.001) in the MSM muscle (6.15 mS/cm), while
the maximum value of the electrical conductivity in MSM
was 17.10 mS/cm. The EC, value in the MLD was at the
level of 3.46 mS/cm. We have not found any statistically
evidentiary differences between the sexes in the EC,
values. The variability was considered relatively high
and ranged from 44.12 to 78.02%. We have not found
any statistically evidentiary differences in EC, between
the sexes, nor between MLD and MSM. The average EC,
values ranged from 10.81 to 11.34 mS/cm. The relatively
steady values have been also confirmed by the coefficient

Table 2 Comparison of the pH Values by Muscle and Sex
Parameter | Group n Mean S, Min Max V. (%) Significance
MLD 20 6.25 0.18 5.90 6.49 2.96
pH, p >0.05
MSM 20 6.05 0.28 5.55 6.38 4.61
Barrows 10 6.26 0.16 6.04 6.43 2.60
pH, MLD p >0.05
Gilts 10 6.24 0.22 5.90 6.49 3.59
Barrows 10 5.99 0.24 5.61 6.23 4.05
pH, MSM p >0.05
Gilts 10 6.11 0.33 5.55 6.38 5.36
MLD 20 574 0.05 5.66 5.83 0.81
pH, p <0.01
MSM 20 5.84 0.05 5.77 5.94 0.93
Barrows 10 5.74 0.04 5.66 5.76 0.78
pH, MLD p >0.05*
Gilts 10 5.74 0.05 5.69 5.83 0.93
Barrows 10 5.85 0.05 5.77 5.89 0.89
pH, MSM p >0.05
Gilts 10 5.83 0.06 5.79 5.94 1.04
*Mann-Whitney U-test
Table 3 Comparison of the EC Values by Muscle and Sex
Parameter | Group n Mean S, Min Max V(%) Significance
EC, MLD 20 3.46 0.41 3.10 4.40 11.89
p <0.01
MSM 20 6.15 415 3.80 17.10 67.40
EC, MLD Barrows 10 348 0.54 3.10 4.40 15.39
p >0.05*
Gilts 10 3.44 0.30 3.10 3.80 8.87
EC, MSM Barrows 10 7.14 5.57 4.50 17.10 78.02
p >0.05%
Gilts 10 5.16 2.28 3.80 9.20 4412
EC, MLD 20 11.34 1.28 9.20 13.60 11.29
p >0.05%
MSM 20 10.81 1.53 6.90 12.50 14.13
EC, MLD Barrows 10 11.82 1.48 9.50 13.60 12.54
p >0.05*
Gilts 10 10.86 0.96 9.20 11.50 8.80
EC, MSM Barrows 10 10.66 2.20 6.90 12.50 20.64
p >0.05*
Gilts 10 10.96 0.59 10.20 11.50 5.38

*Mann-Whitney U-test
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of variation, which was ranging from 8.80 to 20.64%.
According to Morlein et al. (2007), the PSE meat has got
the value 24 hours post mortem higher than 9-7 mS/cm.
It follows that some animal individuals might have had
deteriorated meat quality. The lower EC, values in MLD
(9.31 £1.91 mS/cm) were found at the evaluation of the
Mangalitsa meat quality by Lipova et al. (2019).

Water loss caused by dripping is not only considered
an aspect of the meat quality, it is also an important
economic factor due to the weight loss of the carcass.
A good water binding characterizes a high grade of
the pork quality (Otto et al.,, 2005). Between the MLD
(5.95%) and MSM (1.99%) muscles, we have found
statistically evidentiary differences (P <0.001) in water

loss by dripping (Table 4). Intersexual differences were
not found. Similarly, Kasprzyk et al. (2015) have not
found any statistical differences between the sexes,
when comparing different breeds of pigs. A good quality
meat should keep the value of the water, lost through
dripping, up to 7-9% (Mdrlein et al., 2007). We can state
for the reasons given that the meat of the tested animals
has shown good quality. A higher drip loss in Mangalitsa
in MLD (7.15 +2.99%) was found by Lipova et al. (2019). In
organic farming, Millet et al. (2005) have found the water
loss by dripping at the level of 7.3% and Hansen et al.
(2001) from 6.25 to 6.53%.

Results of the meat colourare shownintheTable 5. The SCI
L* values reflect the lightness of the meat. The higher the

Table 4 Comparison of the Free Water Losses by Dripping according to Muscle and Sex
Parameter | Group n Mean S, Min Max V(%) Significance
MLD 20 5.95 1.65 3.62 7.80 27.81
Drip loss p <0.01*
MSM 20 1.99 2.31 0.31 6.81 116.11
Drip loss Barrows 10 6.21 1.47 445 7.80 23.61 p 5005
MLD Gilts 10 5.69 1.96 3.62 7.79 34.45 '
Drip loss Barrows 10 0.63 0.28 036 1.02 43.98
p >0.05
MSM Gilts 10 334 2.70 0.31 6.81 80.88
*Mann-Whitney U-test
Table 5 Comparison of the Meat Colour Values by Muscle and Sex
Parameter | Group n Mean S, Min Max V (%) Significance
MLD 20 54.03 4.41 48.87 63.59 8.16
SCIL* p >0.05*
MSM 20 54.30 10.52 40.41 65.09 19.37
Barrows 10 52.32 3.53 48.87 56.98 6.74
SCI L* MLD p >0.05
Gilts 10 55.73 491 50.69 63.59 8.80
Barrows 10 53.18 11.29 40.41 65.09 21.24
SCI L* MSM p >0.05
Gilts 10 55.42 10.87 40.92 64.75 19.62
MLD 20 4.00 1.45 241 7.21 36.38
SCl a* p <0.01
MSM 20 9.03 423 3.95 14.56 46.85
Barrows 10 4.45 1.89 242 7.21 42.39
SCl a* MLD p >0.05
Gilts 10 3.55 0.83 2.41 445 2342
Barrows 10 9.36 4.34 3.95 14.56 46.34
SCl a* MSM p >0.05
Gilts 10 8.70 4.61 4.43 13.99 52.92
MLD 20 11.39 1.80 8.82 14.51 15.82
SCl b* p <0.01
MSM 20 13.92 1.76 11.45 15.84 12.62
Barrows 10 11.02 1.92 8.82 13.82 17.40
SCI b* MLD p >0.05
Gilts 10 11.76 1.81 10.26 14.51 15.41
Barrows 10 13.74 1.96 11.45 15.77 14.29
SCl b* MSM p >0.05
Gilts 10 14.10 1.73 12.09 15.84 12.30

*Mann-Whitney U-test
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value, the lighter the meat. The average SCI L* in MLD was
54.03 and in MSM 54.30, with no evidentiary differences
between the muscles. The values ranged from 52.32 to
55.73 between the sexes in the MLD muscle. They ranged
from 53.18 to 55.42 in MSM. The gilt meat was lighter, but
the differences were not statistically significant. Unlike
us, Tomovic et al. (2014) found evidentiary differences
in the meat lightness of the breed Swallow-Belly
Mangalitsa between the MLD and MSM (46.29 +2.00
against 40.86 +5.83). Lipova et al. (2019) have found that
the Mangalitsa breed has evidently darker meat than the
crossbreed Mangalitsa x Slovak Large White (53.06 +4.34
vs. 58.12 +4.93). Similarly, Ender et al. (2002) have found
that mangalitsa has evidently darker meat than other
breeds of pigs: Mangalitsa 38.80, German Saddle Pig
47.40 and German Landrace 48.50. A significantly lower
SCI L* value in Mangalitsa found by Ender et al. (2012)
could have been caused by the fact, that the mentioned
authors slaughtered the Mangalitsa at an average live
weight of 155 kg, that is, at a higher age.

In the SCI a* values, which reflect the redness of the
meat, we have found statistically significant differences
(P <0.001) between MLD and MSM. The redder meat was
found in the MSM muscle (9.03) versus the MLD (4.00). In
accordance with our results, Tomovic et al. (2014) found
out that the MSM muscle was evidently redder compared
to MLD (16.59 +£0.52 versus 12.79 +1.20). The barrows
were redder than gilts in both MLD and MSM, but the
differences were not statistically significant. Contrary
to our findings, Kasprzyk et al. (2015) found, when
comparing the breeds Pulawska and Polish Landrace, that
the gilts had evidently redder meat than barrows. In the
SCI b* color scale describing the blue-yellow spectrum,
we have found out a statistically evidentiary difference
between the muscles (P <0.001), whereas the yellower
meat was found in the MSM muscle (13.92) compared
to MLD (11.39). Comparable values in MLD for the breed
Mangalitsa (10.41 £1.53) and the crossbreeds Mangalitsa
% Slovak Large White (11.89 +1.45) were found by Lipova
et al. (2019). Bednarova et al. (2014) found the average
values of SCI b* in the range of 9.53-10.14 in the muscle
MSM. Significantly lower levels of the meat yellowness
were found in the muscle of the Swallow-Belly Mangalitsa
Tomovic et al. (2014), which was at the level of 6.47 +1.08
in MSM and 5.21 £0.81 in MLD.

4 Conclusions

This study provides the data on the technological
parametersofthefreshmeatofthe breedWhite Mangalitsa
bred under the intensive farming conditions. Comparing
the technological parameters of the MLD and MSM
quality, we can conclude that regarding the pH and EC
indicators, the MSM meat showed a kind of worse results

because some individuals had the pH, values below 5.8
and the EC, were provably higher (P <0.001) compared
to MLD. However, from the point of view of the water
loss through dripping, the MSM has achieved evidently
lower losses than MLD (P <0.001). Similarly, for the colour
assessment, the MSM muscle was evidently redder (SCI
a*) and yellower (SCI b*) compared to MLD (P <0.001).
The lightness of the meat (SCI L *) was the same in both
muscles. We have not recorded any differences between
the sexes in the observed qualitative parameters. Based
on the complex assessment of the average values of all
the observed technological indicators we can state, that
the White Mangalitsa breed is suitable for production of
the quality pork and production of traditional durable
meat products.
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Aluminium is abundant in nature, food, or water and thus its exposition is part of everyday life. However, overexposure can result
in cellular malfunctions. Therefore, the aim of this study was to investigate the effects of aluminium on eukaryotes, with the use
of Schizosaccharomyces pombe as model organism. Spectrophotometry at OD,, inductively-coupled plasma optical emission
spectroscopy (ICP-OES) and microscopy techniques were used to analyse aluminium responses on the living system. Our results
revealed that exposition of increasing aluminium concentrations lead to cell growth inhibition in a concentration dependent
manner. Furthermore, aluminium incorporation by the cell from media markedly increased with rising Al concentration. Our results
indicate that the yeast self-protection system in the presence of lower AI(OH), concentration in the environment avoids to large
extent dramatic uptake of aluminium by the cell while cells surrounded by higher aluminium concentrations lose this ability.
Supplementation of the growth media with 100 uM AI(OH), doubled the amount of Al in the cell compared to untreated control
(232 mg/kg vs. 459 mg/kg), whereas addition of 1 mM AI(OH), caused more than hundred fold increase of intracellular Al content
(27,781 mg/kg). Here we also show that high concentrations of aluminium have an impact on cell morphology leading to cell
integrity disruption. Findings presented in this study have the ambition to bring more light in an issue of how aluminium mediates
impairments of the living organism.

Keywords: aluminium, Schizosaccharomyces pombe, toxicity, absorption, cell cycle

1 Introduction al, 2018). Additionally, aluminium exposure can cause
damages on cellular level as it increases the level of
oxidative stress in cells. Elevated oxidative stress leads
in mammals to apoptosis of brain cells contributing to
development of neurodegenerative diseases (Maya et
al., 2016; Colomina and Peris-Sampedro, 2017). Oxidative
stress caused by aluminium enhances lipid peroxidation
in brain and decreases activity of antioxidant enzymes
superoxide dismutase (SOD) and catalase (Kaizer et al.,
2005; Nehru and Anand, 2005). Moreover, formation
of 8hydroxydeoxyguanosine, a common biomarker of
Chronic exposure of aluminium causes excessive (yjdative DNA damage, is elevated in mitochondrial
accumulation in tissues thus having adverse effect on  pNA after aluminium exposure. Expression of p53
health. In the past, osteomalacia, microcytic anaemia protein has been increased as a result of oxidative
and dialysis encephalopathy was observed in patients pna damage caused by AP** ions. Elevated expression
with kidney diseases due to presence of aluminium in ¢ regulatory protein cyclin D1 due to AP exposure
dialysis fluid (Short et al., 1980; Li et al., 2012; Chen et can lead to cell cycle arrest in G1/S phase (Kumar

Aluminiumiswidely usedin daily life,and thatisthereason
of easy exposure to organisms. Uptake of aluminium in
humans is possible from food, drinking water, cooking
dishes or aluminium foils. Aluminium also occurs in
agricultural soils, and through the crops can enter animal
or human organism. In neutral pH, aluminium is bound
in various minerals (most frequent is bauxite). In acidic
environment (pH lower than 5) aluminium is released as
aluminium ions Al** which are toxic to many organisms.
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et al, 2009). Investigations of effects of aluminium
on the cell cycle revealed that its ability to interfere
with cell components, disrupting the organization of
microtubules and microfilaments results in alterations of
cell cycle regulation. Defects after aluminium exposure
were observed in microtubule cytoskeleton organization
of mitotic cells of Triticum turgidum root tips. Stability of
microtubules is affected by aluminium, tubulin forms
atypical tubulin bundles, or ringlike aggregates causing
incorrect spindle organization. Overdoses of aluminium
impair kinetochore alignment during metaphase
leading to abnormal arrangement of chromosome arms
(Frantzios et al., 2000). Aluminium ions are responsible for
slight depolymerization of cytoskeleton in alga Spirogyra
decimina (Pribyl et al., 2008). Aluminium excess causes
nucleolus disassembly which persists in the cell during
mitosis (Qin et al., 2010; Zhang et al.,, 2014).

Studies analysing the possible mechanisms of aluminium
toxicity for eukaryotic organism performed on yeasts
S. cerevisiae, one of the most frequent model organisms
(MacDiarmid and Gardner, 1996), showed that the
yeast can undergo programmed cell death induced by
aluminium exposure (Zheng et al., 2007). Analysis of the
yeast genome has identified aluminium tolerant genes.
Genes related to vesicle transport, genes responsible
for signal transduction, and genes associated with
protein mannosylation are aluminium tolerant, and
can be responsible for aluminium metabolism and
maintaining of the aluminium compromised cell
integrity (Kakimoto et al., 2005). Intracellular aluminium
ion accumulation can also generate abnormalities on
protein level. In combination with diamide induces
disulphide stress through generation of disulphide
bonds between cysteines within, or between proteins
leading to production of misfolded proteins that can
be a cause of a disease (Wu et al., 2012; Tun et al., 2013).
Another research has shown that even aluminium
and acid tolerant yeast strain Cryptococcus humicola
can be damaged by high concentration of aluminium.
Incubation with concentration of aluminium above the
tolerance level causes oxidative damage of membrane
lipids resulting in size reduction and cell death (Nian et
al., 2012).

It has been previously shown that aluminium ions are
capable of interaction with many cellular components
which has negative impact on homeostasis of
microorganisms, plants and animals. Because of the
toxicity of aluminium, for studies on its effect on living
systems, the use of model organisms is required.
Schizosaccharomyces pombe, a single-celled eukaryote,
also known as fission yeast is a widely used model
organism, as its genome comprises of many genes which
are orthologous to genes reported to be responsible for

certain diseases. In addition, this cell divides by mitosis
similar to mitosis of multicellular organisms (Wood et al.,
2002). Influence of aluminium exposition on cell cycle
progression is to date only poorly examined. We used
S. pombe to investigate the effect of aluminium on cell
morphology, cell growth and proliferation, as this model
organism exhibits similar responses as multicellular
organisms and can thus help to elucidate toxic effects of
the metal on cellular level.

2 Material and methods

2.1 Model organism and the growth conditions

The prototroph wild type (h*) strain JG 15458 of
the fission yeast Schizosaccharomyces pombe kindly
provided from Doc. Dr. Juraj Gregan was used to analyse
the sensitivity to aluminium ions. The standard rich
YE+5S medium (YES), where indicated supplemented
with defined Al(OH), (Centralchem, Bratislava, Slovakia)
concentrations was used for yeast growth. For media
preparation the protocol from Sabatinos and Forsburg
(2010) was used. Accordingly, for solid media, 20 g/L agar
was added. Incubation temperature for the organism
growth was 30 °Cin both solid or liquid media. Moreover,
aeration for yeast growth in liquid media was ensured by
shaking at 130 rpm.

2.2 IC, value determination

The half maximal inhibitory concentration (IC,)
represents the concentration of Al that causes the
growth inhibition of the cells by 50%. Model organisms
from the over-night culture were incubated for 3 hours
at 30 °C with decreasing aluminium concentrations
in a log 2 serial dilution from 1 mM to 1.5652 mM. The
culture sample without aluminium addition was used
as a control. Spectrophotometric analysis performed on
Cary 60 UV-VIS spectrophotometer (Agilent Technologies,
Santa Clara, CA, USA) was used to determine the effect
of tested metals on the cell growth. The differences in
light absorbance at 600 nm before and after 3 hours of
aluminium exposure denoted changes in the cell density
revealing alterations in growth ability with the increasing
metal concentrations. Cell growth ratio was calculated
and IC,, value was determined using an IC,; calculator
http://www.ic50.tk/.

2.3 Growth rate and cell morphology

To determine growth ability of the model organism under
Al environment, cells from the over-night culture, diluted
to OD,,, 0.3, exposed to decreasing Al concentrations
(1,000, 500, 250, 125, 60, 30 MM and 0 as a control) were
incubated at 30 °C in water bath, and after 3 hours oD,
was measured on Cary 60 UV-VIS spectrophotometer

(Agilent Technologies, Santa Clara, CA, USA). Increase of
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the cell density compared to time point 0 h defines the
ability of cells to divide. The effect of the increasing Al
concentrations to cell division is expressed as impairment
of the cell density increase over time (Sabatinos and
Forsburg, 2010). Cell morphology (length and width)
was determined by the use of bright-field microscopy
with 40x magnification on inverted microscope (Leica
DMI 6000, Leica microsystems, Wetzlar, Germany). The
length and width in [mm] was measured and compared
in 100 cells exposed to 500, 150, 100 and 0 mM Al(OH), by
Imagel software.

2.4 Spot test analyses

Spot test analysis was used in previous research
(Pozgajova et al., 2013). Three aluminium concentrations
100, 150 and 500 uM were added to YES media containing
agar, after sterilization by autoclaving. Cells from the
over-night culture containing approximately 1 x 107 cells/
mL were counted, serially diluted, and 10 pl of diluted
cultures containing 1 x 104, 1 x 103, 1 x 10?and 1 x 10’
cells/spot were plated on YES plates. Afterwards, plates
were incubated at 30 °C for 2-3 days until growing cells
formed colonies (spots). Individual spots formed on plates
enriched by different Al concentrations were compared
among each other and to the control. The number, size,
and density of spots were evaluated.

2.5 Pre-analytical sample preparation of yeast

Cells were cultured overnight in 50 mL YES medium
by shaking at 130 rpm and 30 °C. After culture growth,
aluminium was added to sample in final concentrations:
100, 150, 500 and 1,000 puM. Control sample was left
untreated. Cells were exposed to Al(OH), for 3 hours
followed by thorough washing at least three times with
deionized water. Cells were pelleted by centrifugation,
supernatant was removed, and samples were incubated
at 55 °C for 12 hours. Dried yeast pellets were placed
into PTFE digestion tubes and weighted. Five mL of
ultra-pure TraceSELECT™ HNO, (Honeywell Fluka™,
Seelze, Germany) is used for mineralization of the
sample by pressure microwave digestion system
ETHOS-One (Milestone, Srl., Italy). Mineralized samples
were subsequently filtered with the use of quantitative
Munktell filter paper No. 390 (Munktell & Filtrak,
Barenstein, Germany) into 50 mL volumetric flasks and
filled with deionized H,O (Kovacik et al., 2019). Three
replicates of each sample were prepared to ensure
statistical scoring.

2.6 Determination of aluminium content in yeast

Content of aluminium in mineralized yeast solutions
was determined by optical emission spectroscopy with
inductively coupled plasma ICP-OES (ICP-OES 720,
Agilent Technologies Australia (M) Pty Ltd) (Kovacik et al.,

2019).The detection limit for Al of the sample dry matter
is 0,2 ug/kg.

2.7 Statistical analysis

Statistical significance of detected differences was
evaluated by Student’s T-test using STATISTICA v.10
software (StatSoft Inc. Tulsa, OK, USA). To detect normality
and homogeneity of variances the Cochran-Hartley-
Barlett and Levene’s tests were used. The limit of statistical
significance was set up at P <0.05 *, 0.01 **, 0.001 *** for
all statistically analysed samples.

3 Results and discussion

3.1 Effect of aluminium ions on the growth rate
of cell culture in liquid medium

To investigate the influence of aluminium exposure
on S. pombe growth, the spectrophotometry light
absorbance measured at 600 nm was used (Figure 1).
Optical density of the cell culture was determined after
3 hours of incubation with various concentrations of
aluminium in liquid YES medium. As expected, increasing
concentration of AI(OH)3 led to cell culture growth
inhibition. Similarly, growth rate inhibition of S. pombe was
reported also after addition of the other toxic cations e.g.
Cd (Clemens, 2003), As (Salgado, 2012) or Ni (Pozgajova
et al. 2019). Significant drop in the cell growth was
observed at concentration 250 uM. It demonstrates that
exposure to high concentration of aluminium can reduce
mitotic division, and thus disrupt normal growth of the
cell culture compared to the control sample without an
addition of aluminium. The half of the maximal inhibitory
concentration IC,; was calculated and set on 234.53 uM
AI(OH)..

2.00

1.80

1.60

oD 600

1.40

1.20

OuM  30uM  60puM  125uM 250uM 500uM  1000uM

Al concentration (uLM)

Dynamics of the growth of S. pombe cell culture
after aluminium exposure in liquid YES medium.
Change in optical density with increasing
concentration of AI(OH),: 30, 60, 125, 250, 500
and 1,000 pM. Control sample was untreated
with Al (0 uM). OD at 600 nm was measured
immediately after AI(OH), addition and after
3 hours of incubation

Figure 1
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3.2 Spot test of cells on the solid medium
with addition of aluminium

Spot test analysis confirmed the sensitivity of S. pombe to
aluminium (Figure 2). In this test, the solid YES medium
was enriched by 0, 100, 150 and 500 uM of aluminium.
After serial dilution of the yeast culture 10, 100, 1,000,
and 10,000 cells were spotted on plates, the growth
ability was determined three days after incubation at
30 °C. Results of spot test corresponded to the results
of the growth rate test, showing that lower Al(OH),
concentrations did not alter cell proliferation, whereas
higher concentration, such as 500 pM Al(OH), markedly
reduced growth of cells.

Although small variations in growth rate of cell culture in
these two methods could be observed due to different
growth condition (liquid vs. solid medium, distribution of
the cellson/inthe medium, shaking, aeration), the trend of
the cell culture growth under aluminium stress remained
similar, and it was evident that growth rate decreased
with rising AI(OH)3 concentrations. Our results confirm
that mitotic division of S. pombe cells was inhibited by
high AI(OH)3 concentrations, and thus we can conclude,
that S. pombe yeast is sensitive to increasing aluminium
exposure in the environment. Sensitivity of cells to
aluminium exposure resulting in the growth inhibition
was also confirmed on other model systems such as
budding yeast or plants. Mitotic activity of root cells
decreased with increasing concentration of aluminium
ions (Huang et al., 2014; Jaskowiak et al.,, 2018). Wild
type budding yeasts exposed to different aluminium
concentrations showed growth rate inhibition in a dose
dependent manner (Wu et al., 2012). However, in our
hands, cell growth of S. pombe was inhibited by lower
concentration of aluminium compared to experiments
presented by Wu et al. (2012) with wild type S. cerevisiae.

Number of S. pombe cells

10 100 1000

10 000

0 uM

100 uM

150 uM

Concentration of aluminium

500 pM

Figure 2 Spot test with 10, 100, 1,000 and 10,000 cells of
S. pombe on agar plates in solid YES medium
incubated for 3 days with concentrations of

Al(OH), 0, 100, 150 and 500 uM

We assume, that the resistance of S. cerevisiae cells to
higher Al concentrations might be due to different
experimental conditions and is caused by the use of
AICI,, which shows lower toxicity to the cell compared to
AI(OH)3 (Zheng et al., 2007; Li et al., 2011).

Inhibition of the cell culture growth can be a result of
aluminium interactions with intracellular structures
responsible for proper mitosis. Experiments with plants
revealed that accumulation of aluminium ions induces
severe changes in the microtubular cytoskeleton and
mitotic spindle, leading to significant destruction of
mitotic cells. Furthermore, chromosome fragmentation,
and chromosome stickiness was observed. This type
of chromosome aberration is irreversible and leads to
programmed cell death (Zhang et al., 2014, Vardar et
al., 2016). Presence of aluminium in acid soil alters root
growth by reducing the mitotic activity of the root tip
cells as its exposure inhibits DNA replication resulting in
the delay of the cell cycle (Jaskowiak et al., 2018). Thus,
we suggest that the possible mechanism of the S. pombe
cell culture growth inhibition is connected to aluminium
interactions with intracellular components related to
regulation of the cell cycle. Additionally, our results clearly
demonstrate that aluminium effect on the cell division is
largely concentration dependent.

3.3 ICP measurement of absorbed aluminium
by the cells

In order to determine the amount of aluminium
absorbed by the S. pombe cells, samples were analysed
by ICP-OES. Concentration of incorporated AI(OH)3 was
measured after 3 hours of incubation. Obtained results
have shown that concentration of absorbed aluminium
rose with increasing concentration of aluminium present

1000 uM

500 uM

100 uM

opMm

Concentration of aluminium in sample

150 uM I
0

14000 21000 28000
Absorbed aluminium (mg/kg)

7000 35000

Figure 3 ICP-OES measurement of Al absorption. Atomic
content of absorbed aluminium from AI(OH),
after 3 hours of incubation. Comparison of
aluminium absorption into S. pombe cells in
dependence on the increasing concentration of

AI(OH), in cell culture
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Table 1 Added vs. absorbed A, measured by ICP-OES after 3 hours of incubation
Added AI(OH), (uM) Added AP (ug) Absorbed AP* (ug)
0 0 1.21 +/-0.67
100 54 2.63 +/-0.53
150 81 4.03 +/-0.69
500 270 48.10 +/-7.39
1,000 540 112.41 +/-18.83

in the S. pombe cell culture growth media. In the control
sample, without aluminium addition, cells contained
232 mg/kg of aluminium. After addition of 100 uM of
AI(OH), to the growth medium content of aluminium in
yeast cells doubled (459 mg/kg). Medium enrichment by
1T mM AI(OH), caused more than hundredfold increase
of aluminium content (27,781 mg/kg) in the cell (Figure
3). Uptake of aluminium by the cell exponentially rises
with increasing aluminium concentration in the culture
medium. Addition of 100 or 150 uM AI(OH), led to
incorporation of only one twentieth of AP* whereas
under presence of 500 or 1,000 uM AI(CH), in the
medium cells were able to integrate one fifth of AI** ions
(Table 1). We suggest that cells are capable to release
aluminium up to certain concentration, while higher
aluminium concentrations in the media cause aluminium
persistence in the cell. Process of aluminium absorption
and excretion by the cell is still not fully understood,
however experiments with S. cerevisiae revealed some
possible mechanisms through aluminium tolerant genes
that are associated with secretory pathways (Kakimoto et
al., 2005).

For instance, level of aluminium tolerance in plants is
associated with citrate, oxalate and malate chelation of
AP?* to form a non-toxic complex. Release of aluminium
from the cell is afterwards triggered by elution of
aluminium complexes formed in the presence of elevated
concentration of AP* in the environment (Jones and
Ryan, 2003; Brunner and Sperisen, 2013). Accordingly,
increased production of citrate was observed in
aluminium tolerant yeast Rhodotorula taiwanensis RS1
after addition of aluminium above the tolerance level,
which could be connected with possible detoxifying
mechanism (Wang et al, 2013). Similarly, another
research shows that accumulation of citrate in cellular
and extracellular pools can mediate aluminium tolerance
in S. cerevisiae strains (Anoop et al., 2003). Citrate and
malate are present in all organisms, thus this mechanism
of aluminium detoxification could be possibly used
also by fission yeast. However, as these molecules are
important for basic biochemical cycles (e.g. citric acid
cycle), the capacity of binding AP**ions is probably limited,
and therefore the mechanism of AP** detoxification

cannot be conducted at high aluminium concentrations.
Although, to date known molecular mechanism of toxic
metal/metalloids, such as antimony, mercury, arsenic or
cadmium, metabolisms in S. cerevisiae were described
by Wysocki and Tamas (2010), and detoxification
mechanism of cadmium and arsenic in S. pombe was
suggested by Guo et al. (2016), the exact mechanism of
how S. pombe deals with aluminium ions remains to be
elucidated. Uptake of aluminium by S. pombe cells is still
poorly understood and accordingly, many other aspects
of metal biology remain largely elusive.

3.4 Cell morphology

Cells respond to nutritional stress e.g. starvation or
presence of toxicelements, causing interruption of energy
production, by immobilization of cellular compartments
in a size-dependent manner (Heimlicher et al., 2019).
Different types of cells exhibit different pattern of
cell destruction and apoptosis caused by aluminium
exposure (Zheng et al., 2007; Wu et al., 2012; Huang et
al., 2014). Deformation of cell morphology was observed
on S. cerevisiae cells upon aluminium exposure, size of
the yeast cells was modified with typical apoptotic signs
as cell shrinkage, nuclear fragmentation, vacuolization,
and chromatin marginalization (Zheng et al., 2007). Cells
of normal newly generated S. pombe divided by mitosis
should be oval, 8 umlong,and 3.5 um wide (Hoffman etal.,
2015). Differences of the cell shape caused by aluminium
ions analysed under microscope using 40x magnification,
were detected after 3 hours of incubation (Figure 4A).
Although, some cells were longer as they started a new
cell cycle, it was obvious that increasing concentration
of AI(OH), caused conformational deformation of the
cell. At high concentration of 500 pM, the morphology
of cells was altered and irregular, and cells were markedly
destructed. Attributes of 100 cells from each treated and
untreated sample were measured and compared (Figure
4B). The results suggest that addition of aluminium
causes modifications of S. pombe cells morphology in
a dose dependent manner. Average length of the cells
was higher, though average width was lower (although
high concentration of aluminium led to complete
destruction of some cells). When cells are in mitosis, the
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Figure 4 Morphology of the yeast cell after 3 hours of incubation with various concentrations of Al(OH),. (A) Representative

pictures taken under the light microscope, magnification 40x. (B) Average length and width of the S. pombe in um.
Graph was created on the base of the pictures, length and width of 50 cells was measured by programme ImageJ.
Statistical significance of obtained differences was determined by Student’s T-test, limit for significance was set up

at P <0.05%,0.01*%,0.001 ***

length increases, but the width should stay the same.
Our results show that according to the measurement,
addition of high aluminium doses cause that cells
seem to be “stretched” in their length and “shrinked” in
their width. Accordingly, similar cell destructions after
aluminium exposure were visible on S. cerevisiae under
the electron microscope (Zheng, 2007).

4 Conclusions

Exposition of aluminium to the yeast S. pombe inhibits cell
culture growth as it negatively affects the mitotic activity,
together with cytoskeletal components responsible for
cell division in a dose dependent manner. Additionally,
higher aluminium concentrations cause irregular shape
formation of the cells resulting in the overall cellular
structure deformation. Intriguingly, our results show
that uptake of aluminium by the cells is concentration
dependent, as the amount of intracellularly absorbed
aluminium is much greater in cells cultured under high
aluminium concentration compared to conditions with
lower Al content. This suggests that cells are able to
eliminate certain proportion of aluminium from growth

medium when they grow under conditions enriched
by low although, compared to standard, still elevated
aluminium concentrations. Mechanisms of aluminium
excretion are not fully understood so far, thus further
investigation is required. The effect of aluminium
exposure on the cell, cell cycle and aluminium metabolism
in model organism could broaden the understanding
of fate of the aluminium compounds after exposure in
multicellular organisms.
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The aim of the study was to determine the growth characteristics of three rabbit breeds (Czech Solver, CSo, n = 11; Czech Spotted,
CS, n=28; Blanc de Hotot, BH, n = 24) under small-scaled stock conditions as a basis for their potential meat performance. The body
morphometric characteristics live weight (LW), head length (HL), body length (BL), ear length, thoracic circumference (TC) and
body compact index TC/BL were recorded in growing rabbits from 21 to 91 day of their age. At the end of the trial, the highest
LW value was recorded in the BH breed (2,700.0 g) as compared to the CSo and CS breeds, respectively (1,887.5 and 1,545.4 g).
The values of the HL were significantly affected by a rabbit breed up to the 63 day of their age (P <0.01). The highest values of BL
and TC were found in the BH breed as compared to the CSo breed and also the CS breed (P <0.01). The BH breed showed also the
longest ears (P <0.01) while the different dynamics of the ear growth among the evaluated breeds was found. Concerning the body
compact index TC/BL, the growing rabbits of the BH breed showed wider body given by their musculature proportion as compared
to the representatives of the CSo and CS breeds (P <0.01). Our findings suggest that the Blanc de Hotot breed possesses suitable
growth and morphometric characteristics for intended meat production.

Keywords: rabbit, breeds, growth analysis, body measurement, morphometric parameters

1 Introduction programme revealed that some selected breeds show
a good potential for meat production (Zita et al., 2010;

proportion (34%) of produced rabbit meat came from Tdmova et al,, 2011; Tmova et al., 2014). Similarly, a Nitra
backyard small-scaled stocks that is different to other rabb|t‘ breed, Slovak natlf)nal. breed, showed swtab!e
livestock species (EU, 2017). Under conditions of the Promise for meat production in small-scaled stocks (Fik
Czech Republic, this proportion is underlined by local €t aI.', 201@' Generally, morphometrlc T’neasuremer.\t
historical background of husbandry of domestic rabbit ~©f animals is served for recording of their phenotypic
and its main role as a productive animal (Mach et al. characteristics (Khan et al., 2017), what aids to selection
2010). Approximately 95% of fattened rabbits reared in animal genetic improvement (Hassan et al,, 2012). The
in the Czech Republic originated from small-scaled measurement of the specific parts of the rabbit carcass
stocks. Although, annual consumption of the rabbit belongs to the important meat traits finding after rabbit
meat per capita shows a decreasing tendency in the slaughtering (Blasco and Ouhayoun, 1993; Herndndez
Czech Republic currently, local meat consumption ranks €t al, 1996). Whereas, chosen specific morphometric
still among European countries with the highest stated parametgrs were used s:u.ccessfully for assessrTmermlt of
consumption of this meat (Josrova, 2018). Number of the rabbit body composition and can serve as indirect
studies dealing with productive and reproductive traits indicators of adipose tissue mass in rabbits (Sweet et al.,
of rabbit breeds included in the Czech genetic resources 2013).

According to the EU overview report, a substantial
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The aim of the study was to evaluate selected
morphometric parameters among three rabbit breeds
normally reared in the Czech Republic. An integral part of
the work was to determine the growth characteristics of
these rabbit breeds under small-scaled stock conditions
as a basis for their potential meat performance.

2 Material and methods

2.1 Animals and husbandry conditions

The study was performed on a total of 63 young rabbits
belonging to the medium-sized breeds, specifically the
Czech Solver (CSo, n = 11), the Czech Spotted (CS, n = 28)
and the Blanc de Hotot (BH, n = 24). The adult rabbits
of the CSo breed weigh usually around 3.50-4.25 kg
and possess a unique genotype for coat colour which
seems a yellowish river sand. The adults of the CS breed
(3.30-4.00 kg) show a typical coloured marking where
coloured patterns are situated on the pure white base
colour. Adult rabbits of the BH breed (4.00-5.00 kg)
possess a maximally reduced colour marking, just in form
of the gentle black eye bands, while the rest of the body
is of pure white colour (Zadina, 2003; Whitman, 2004).
The rabbits included in the present study came from
the common hobby stocks which perform exhibition
activities under guidelines of the Czech Association
of Breeders. Parents of these rabbits belonged to the
typical representatives of the respective breeds. The
rabbits were housed in the outdoor hutches with pens
of a recommended size. Rabbit kits were housed with
their does up to 8" week of their age. Subsequently,
after weaning, the growing rabbits were housed in small
groups (2-3 rabbits per group) up to the end of the
monitored period (91 day of age). The young growing
rabbits received a complete pelleted diets with similar
nutrient composition. The rabbits were fed once a day.
The animals had unlimited access to drinking water and
meadow hay.

2.2 Morphometric parameters and data collection

The body morphometric measurement was performed
according to Dalle Zotte et al. (2013) with certain technical
modifications. The characteristics such as the live weight
(LW), head length (HL), body length (BL), ear length (EL),
thoracic circumference (TC) and body compact index
TC/BL were recorded in growing rabbits. Orientation
using specific anatomical points at the rabbit body was
used within the measurements. The measuring tape was
used for recording the BL (measured from atlas to the
first coccygeal vertebra), the HL (measured from the tip
of the nostrils to atlas) and the TC (measured behind a
shoulder blade). Subsequently, the TC/BL index was
calculated. The special ear measuring ruler was used for
the EL recording. The base of this instrument was placed

between the ears at the ears” base and both ears were
put on the measuring scale, then the value at the top of
the ear was recorded.

All monitored morphometric parameters of individual
rabbits were recorded for the first time at the age of
21 days and subsequently in two-week period up to the
age of 91 days. All data collection was performed at the
same day period and prior to feeding. All measurements
were performed by the same person with the aim to
eliminate measurement errors.

2.3 Statistical analysis

The obtained data were statistically analysed using
a software STATISTICA CZ, version 10 (StatSoft Inc,
2011). One-way variance analysis (ANOVA) was used to
determine differences in the evaluated morphometric
traits. When ANOVA showed significant differences
among the evaluated breeds a post-hoc HSD test was
used. The differences were considered significant at
P <0.05.

3 Results and discussion

The breed effect on the evaluated morphometric
parameters in pre-weaning rabbit kits is presented in
Table 1. The effect of rabbit breeds on the evaluated
morphometric parameters in the post-weaning period is
presented in Table 2.

Generally, it follows from the results that all monitored
morphometric parameters were significantly affected by
a particular rabbit breed.

In meat-type rabbits, their live weight (more specifically
slaughter weight) is essential trait in relation to the
economy of rabbit meat production (Szendré et al,
2012). In our trial, the rabbits of the CS breed showed
the lowest LW values among monitored breeds within an
entire monitored period (P <0.01). These findings were
expectable due to foregoing selective breeding of the
CS breed. Martinec et al. (2017) state that the CS breed is
a typical hobby breed historically selected mainly for an
exhibition purpose, while its exterior traits that have been
included in the selection effort in the past are not directly
related to meat performance of rabbits. This fact was
repeatedly verified also in studies dealing with evaluation
of meat performance of rabbit breeds included in the
Czech genetic resources of animals (Tamova et al., 2011;
Tdmova et al.,, 2014). On the other hand, the highest LW
values were found in the BH breed. At the age of 91 days,
the BH rabbit showed significantly higher LW (P <0.01) as
compared to the CS rabbit (+1,545.4 g) and also the CSo
rabbit (+812.5 g). It can be highlighted that the final LW
of the BH purebred rabbits is similar to that of common
slaughter weights in meat-type rabbit hybrids (Szendrd et
al, 2012, Josrovd, 2018). The very good growth potential
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Table 1 Selected morphometric parameters in the monitored rabbit breeds in pre-weaning period.
Parameter Breed P
Czech Solver Czech Spotted Blanc de Hotot
X SEM X SEM X SEM

Age 21 days

LW (9) 211.88 10.86 178.98 9.40 392.5% 1541 **
HL (mm) 82.2A8 0.18 77.18 1.29 87.1% 0.79 **
BL (mm) 141.38 3.58 121.7¢ 344 178.5% 1.96 **
EL (mm) 47.08 0.69 42.8° 0.92 60.9% 1.05 **
TC (mm) 94.78 4.05 96.18 2.50 148.0* 4.11 **
Index TC/BL 0.678 0.03 0.78% 0.01 0.83% 0.02 **
Age 35 days

LW (9) 460.98 26.81 371.18 25.26 823.8% 26.08 **
HL (mm) 89.1A8° 1.9 86.8%° 1.9 108.042 0.95 **
BL (mm) 202.48 7.21 191.18 4.76 239.3% 2.38 **
EL (mm) 71.58 0.65 61.9¢ 1.33 89.2% 1.64 **
TC (mm) 120.58 5.71 115.28 4.08 186.4* 5.44 **
Index TC/BL 0.608 0.02 0.608 0.01 0.78% 0.02 **
Age 49 days

LW (9) 812.28 23.73 614.8° 30.64 1353.74 46.28 **
HL (mm) 106.38 1.8 99.08 1.57 120.4% 1.48 **
BL (mm) 255.418p 6.4 225.78) 4.31 280.742 241 **
EL (mm) 87.18.2 0.96 78.58° 1.38 104.7% 1.79 **
TC (mm) 148.48 4.61 141.8" 5.06 216.14 5.59 **
Index TC/BL 0.58% 0.01 0.62° 0.01 0.77% 0.02 **

x — arithmetic mean; SEM - standard error of the mean; LW - live weight; HL - head length; BL - body length; EL - ear length;

TC - thoracic circumference

a, b — means within a row with different superscript letters differ at (P <0.05); **; A, B, C — means within a row with different superscript letters

differ at (P <0.01)

of the BH breed was not described in recent literature
yet. At the present time, the BH breed is considered as
a typical hobby rabbit breed reared mainly for exhibition
purposes. However, its original breeding goal was
focused to create a multi-purpose breed using for meat
and fur productions and also for exhibition activities. The
BH rabbits showing the large body frame, white coloured
coat and black eyes (Whitman, 2004), while their
standard markings are underlined by the combination
of English spot gene and Dutch gene (Hinkle, 2011);
this gene combination is rare among the rabbit breeds.
The present form of the BH rabbits was obtained from
a breeding programme that based on crossing of the
Giant Papillon, the White Flemish Giant, the Vienna White
and other breeds (Whitman, 2004). The crossbreeding
leads to increase of level of heterosis, whereas the breed
complementarity and correct selection process must be
taken into consideration to achieve favourable traits for

meat performance (Ouyed et al,, 2011; McNittetal., 2013).
An initial increase of the rabbit genetic diversity normally
occurs because of initial crossbreeding (Queney et al.,
2002). It can be assumed that the favourable growth rate
of the BH breed in the present study could be influenced
by its various genotypes passed from the initial crossing
of included breeds due to a heterosis effect.

Besides that, when compared to ideal standard LW
values at the age of 3 months (Zadina, 2003), LWs found
in the CS breed and also in the CSo breed are closed to
the ideal standard LW values (1,500 and 1,800 g, resp.)
according to Zadina (2003). Concerning the BH rabbits,
they showed the obviously higher LW as compared to
the published standard LW value (1,500 g). It should be
pointed out that the exterior traits of each breed are
developing with ongoing time and therefore the breed
standards are regularly updated. Besides that, a recent
study of Tmova et al. (2011) showed slightly different
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Table 2 Selected morphometric parameters in the monitored rabbit breeds in post-weaning period.
Parameter Breed
Czech Solver Czech Spotted Blanc de Hotot
X SEM X SEM X SEM

Age 63 days

LW (9) 1,205.08 27.45 901.2¢ 41.50 1,853.3% 34.37 **
HL (mm) 123.6° 15,707 112.9¢ 1.50 138.9% 1.37 **
BL (mm) 260.68 25.64 256.88 4.03 323.2% 3.83 **
EL (mm) 98.18 0.93 92.78 1.15 11524 1.28 **
TC (mm) 165.48 1.69 160.68 4.24 23214 3.25 **
Index TC/BL 0.77 0.19 0.62 0.01 0.72 0.01 ns
Age 77 days

LW (9) 1,606.38 34.48 1,188.8¢ 44.63 2,267.6* 58.19 **
HL (mm) 136.6 248 128.4 1.65 148.4 1.64 ns
BL (mm) 321.5% 6.14 282.28 5.22 346.8% 3.57 **
EL (mm) 106.18 1.08 104.08 1.09 120.2* 1.60 **
TC (mm) 192.08 43 174.78 4.75 24404 4.44 **
Index TC/BL 0.60° 0.02 0.62° 0.01 0.70% 0.01 **
Age 91 days

LW (g) 1,887.58° 72.23 1,545.48° 50.25 2,700.0% 54.46 **
HL (mm) 140.9 2.72 137.7 1.45 157.7 1.85 ns
BL (mm) 355.8% 3.19 322.58 5.24 369.2% 3.71 **
EL (mm) 111.18 1.32 112.08 0.98 121.2% 2.02 **
TC (mm) 204.6° 3.13 190.8" 4.07 264.44 6.54 **
Index TC/BL 0.58° 0.01 0.598 0.01 0.72% 0.02 **

x — arithmetic mean; SEM - standard error of the mean; LW - live weight; HL — head length; BL - body length; EL - ear length; TC - thoracic

circumference; ns - not significant

a, b — means within a row with different superscript letters differ at (P <0.05); **; A, B, C — means within a row with different superscript letters

differ at (P <0.01)

LW of the 91-day-old CSo rabbits (2,453 g) and CS rabbits
(2,240 g). In accordance with this finding, the CS breed
showed a lower LW as compared to the CSo breed in the
present study.

The rabbit head is a part of the carcass when a hot
carcass weight is determined. The proportion of the
head play a role when the carcass dressing percentage
is calculated (Blasco and Ouhayoun, 1993). Wang et
al. (2016) found that the proportion of the rabbit head
is significantly affected by a rabbit genotype, while the
commercial meat-type hybrid rabbits show a lower
proportion of the head as compared to the purebred
rabbits. Concerning findings in the present study, HL
was significantly affected by a rabbit breed up to the
63" day of their age (P <0.01). Thereafter, HL didn't differ
significantly among monitored breeds (P >0.05).

The dorsal linear length belongs to the important meat
traits measured after rabbit slaughtering. This trait is
associated with length of the m. longissimus lumborum,
one of the main part of the rabbit carcass (Blasco and
Ouhayoun, 1993). In the present study, the breed had
a significant effect on values of BL in course of an entire
monitored period. At the end of the monitored period,
the highest values of BL were found in the BH breed
(P <0.01) as compared to the CSo breed (+13.4 mm) and
also the CS breed (+46.7 mm).

In present study, the highest values of EL were recorded
in the BH breed within the entire monitored period. At
the age of 91 days, the BH rabbits showed significantly
(P <0.01) longer ears as compared to the CSo rabbits
(+10.1 mm) and also the CS rabbits (+9.2 mm). The EL
belongs to the important exterior traits stated in a breed
standard. The found ELs of 91-day-old rabbits of all
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the evaluated breeds were in accordance with values
(CSo, 110-120 mm; CS, 105-110 mm; BH, 120-125 mm)
published in the current breed standards (Zadina,
2003). It can be noted that values for EL at 21 day-old
rabbit represented only 38.2% from its value at the age
of 91 days in the CS breed, while the BH rabbits only
doubled (+49.8%) their EL within the monitored period.
Besides that, Lukefahr and Ruiz-Feria (2003) found
in rabbits the moderate to high positive correlation
between the EL and growth traits, while they point out
that growth rate of rabbits may be influenced also by
their fur clipping.

The body compact index TC/BL determines relationship
between the length and width proportions of a rabbit
body. When the TC/BL increases, the rabbit shows
wider body given by musculature proportion whereas
the decreasing TC/BL index results in poor muscling of
their body. Except for the age of 63 days in the present
study, it can be highlighted that the growing rabbits of
the BH breed showed the highest values of TC/BL index
among the monitored breeds (P <0.01). At the end of the
monitored period, the BH rabbits showed a higher value
(P <0.01) for TC/BL index as compared to the CSo rabbits
(+0.14) and also the CS rabbits (+0.13). Parameters of the
m. longissimus lumborum are essential for meat quality of
rabbits (Blasco and Ouhayoun, 1993; Gondret et al., 1998,
Tdmova et al., 2014). Generally, based on findings of the
present study, it can be assumed that the growing rabbits
of the BH breed displayed promising preconditions for
the meat purpose.

4 Conclusions

Based on the obtained results, it can be concluded
that both live weight and all monitored morphometric
parameters of rabbits were significantly affected by
a rabbit breed.

As for meat production potential, the least favourable
values for observed morphometric measures were
found in the Czech Spotted breed. Thus, the Czech
Spotted breed can be considered still as a breed suitable
mainly for exhibition purpose, while its meat production
potential remains low. On the other hand, the highest
values for the live weight and morphometric parameters
were found in the non-traditional Blanc de Hotot rabbit
breed. Especially, the values of the live weight and body
length in the 91-day-old growing rabbits were quite high,
what are desirable traits of this breed. These preliminary
findings suggest that the Blanc de Hotot breed possesses
suitable growth and morphometric characteristics for
intended meat production. However, further studies are
needed to deepen our knowledge about productive and
reproductive traits of the Blanc de Hotot rabbits reared
also under intensive farming conditions.
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