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ANTIMICROBIAL EFFECT OF ESSENTIAL OILS FROM PLANTS COLLECTED
FROM DIFFERENT LOCALITIES

ANTIMIKROBIALNY UCINOK SILIC Z RASTLIN ZBIERANYCH Z ROZNYCH LOKALIT
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Antimicrobial activities of the essential oils obtained by using the hydrodistilation method from Tanacetum vulgare L. and Salvia officinalis L.
were investigated using the disc agar diffusion method and by the microdilution method. The plants used in this study were collected from
different localities of Slovakia. The essential oils revealed higher activity against Gram-positive bacteria, namely Bacillus subtilis. The
essential oils with the best antibacterial properties exhibited also the highest anti-yeast effect mainly against Candida albicans as well as
the inhibition of the growth of mycelial fungi Aspergillus flavus and dermatophyte Microsporom gypseum. Essential oils of plants belonging
to the same taxa but collected from different localities showed different levels of antimicrobial activities.
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Essential oils (EO) and plant extracts have been used for many
thousands of years, in food preservation, pharmaceuticals,
alternative medicine and natural therapies (Mitscher et al.,
1987). Essential oils are potential sources of novel
antimicrobial compounds especially against bacterial
pathogens, however they have shown to possess also
antifungal, antiviral, and insecticidal and antioxidant properties
(Burt, 2004; Kordali et al., 2005; Reichling et al., 2009). These
properties are important for both food preservation and control
of human and plant diseases of microbial origin. Some oils
have been used in cancer treatment (Sylvestre et al., 2006).
The quality and yield of essential oils is influenced by many
factors, such as fertilizer and pH of soil (Alvarez-Castelianos
and Pascual-Villalobos, 2003), chemotype or subspecies
(Goren et al., 2001), choice of plant part (Keskitalo et al. 2001),
harvesting season (Cornu et al., 2001), the choice and stage of
drying conditions (Tateo and Riva, 1991) and extraction
method (Scalia et al., 1999). The content of some components
of essential oils varies according to the geographic location.
Thus, 1,8-cineole was the most abundant in the oil of sage from
the USA (18.0%), camphor in the oil of Romania (26.5%),
caryophallene in the oil from the USA (10.0%), alpha-thujone in
the oil from ltaly (45.8%), beta-thujone in the oil from Romania
(23.1%) (Boelens and Boelens, 1997). The composition of the
essential oils from various chemotypes of Tanacetum vulgare
was studied in detail on populations of wild growing species in
Finland (Keskitalo et al., 2001), Norway (Dragland et al., 2005),
Hungary, Poland, Italy, and others. In our previous work
(Vaverkova et al., 2006) we examined qualitative properties of
the essential oil obtained from Tanacetum vulgare L. and we
confirmed that the shares of the constituents in the essential
oils differ in dependence on the location.

The aim of this work was to estimate and compare
antimicrobial activity of extracts from Tanacetum vulgare L.
and Salvia officinalis L. from some geographic locations in
Slovakia.

Material and methods

Tanacetum vulgare L. and Salvia officinalis L. were used as
a testing material. Air dried aerial parts (flower heads) were
hydrodistiled for 3.5 hours in accordance to the European
Pharmacopoea. Isolated oil was diluted in n-hexane and dried
over anhydrous sodium sulphate. Oil samples were analysed
using a Hewlett Packard HP 5971. A mass selective detector
directly coupled to a gas chromatograph HP 5890 Series Il FID
was used. A capillary column DB-WAX/26m x 0.20 mm,
0.2 mm film thickness (Hewlett Packard, USA) was used.

Two strains of gram-negative bacteria Escherichia coli (CCM
3988), Proteus mirabilis (CCM 1941) and three strains of gram-
-positive bacteria Bacillus subtilis (CCM 1718), Staphylococcus
aureus (CCM 3953) and Micrococcus luteus (CCM 732) as well
as the yeasts Saccharomyces cerevisiae, Candida albicans,
Candida parapsilosis, Rhodotorula glutinis and micromycetes
Aspergillus flavus and Microsporon gypseum were obtained from
the Czech Collection of Microorganisms, Brno, Czech Repubilic.
The cultures were maintained in their appropriate agar slants at
4 °C throughout the study and used as stock cultures.

Disc diffusion method — nutrient agar plates were swabbed
with the respective broth culture of the organisms (diluted to
0.5 McFarland standards with saline). Filter paper discs (6 mm
in diameter) were impregnated with 5 L of the extract and
placed on the inoculated plates. These plates, after staying at
4 °C for 2 h, were incubated at 37 °C for 24 h for bacteria and at
28 °C for 48 h for the yeasts. The diameters of the inhibition
zones were measured in millimetres.

Determination of minimum inhibitory concentration — was
performed using broth microdilution method. The overnight
growing culture of bacteria was filtered and 2% suspension of
bacteria was prepared. 180 pl of this suspension and 20 pl of
double diluted solutions of EO were placed into the wells of
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96 well microtitre plates and cultivated for 24 h on reciprocal
shaker at 37 °C. The time course of absorbance (Aszy) was
determined at 120 min intervals in triplicates.

Antifungal activity — extract was added to molten SIA
medium at given concentration. The centre of each plate was
inoculated with one fungal disc (5 mm diameter) of the
respective fungus. The plates were incubated at 28 °C for
7 days. The antifungal activity of extracts was evaluated every
2 days by measuring the diameter of test and control colonies in
millimeters. Percentage of inhibition was calculated using the
formula |Zc-1Zt/1Zt x 100 where IZc and IZt are the average
diameters of mycelia colonies in control and treated fungi set.

Results and discussion

Water distiled essentials oils from flower heads of Tanacetum
vulgare L. and Salvia officinalis L. collected from five
(Tanacetum) or three (Salvia) localities in Slovakia have been
analysed by GC/MS. The analyses showed that the main
components of the oils of Tanacetum, which constituted 82.1%
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of total oils are: -pinene, camphene, sabinene, B-pinene, myrcene,
1.8-cineole, artemisia ketone, p-tujone, camphor, borneol,
umbellulone, D-carvone, chrysantenyl-acetate, bornyl-acetate,
thymol, germacrene and carvacrol. The shares of the constituents
in the essential oils differed in dependence on the locality.

In general, activity of essential oils against the
Gram-positive bacteria (Staphylococcus aureus, Micrococcus
luteus and Bacillus subtilis)y was higher than against
Gram-negative bacteria. The strongest activity among the
Gram-positive bacteria was for B. subtilis where inhibition
zones reached up to 22 mm. From Gram-negative bacteria only
Escherichia coli was more susceptible to essential oils from
Salvia officinalis L. Oil from one chemotype of Tanacetum
vulgare L. (T3) had very strong effect on both Gram-negative
bacteria but oils from another chemotypes had only very slight
effect. Studies of antimicrobial effects of essential oils from
Tanacetum, Salvia and many other plants described higher
activities of essential oils on Gram-negative bacteria (Kalodera
et al.,, 1997, Nostro et al., 2000, Ouattara et al., 2000). Our
results are consistent with that of EI-Shazly et al. 2000, Bagci et
al., 2008, Randrianarivelo et al., 2009 and others, which
confirmed high activity of essential oils on Bacillus subtilis,

Table 1 Antimicrobial activity of essential oils from Tanacetum vulga- ~ EScherichia coli an.d Candida glbicans. o
reL. (T1-T5) and Salvia officinalis L. (S1-S3) by using the disc The comparative evaluation of essential oils from two
diffusion method. Values represent the inhibition zone in mm distinct species of plants (Tanacetum vulgare L. and Salvia
1l lnlulns!s!solss off/cmgl/s L.) show_ed.varlatlons in the level of actlvny agey_nst
- bacteria. These variations were evident from zones of inhibition

E. col 9 9 | 79 M1 (Tab. 1) as well from MIC values (Tab. 2). MIC of essential oils

P. mirabilis "n | 7 119 9 7 9 7 from Tanacetum ranged in all bacteria from <0.6% to >2.5%.

S. aureus 9 11 | 13 9 11 9 7 7 Three essential oils from Salvia had strong effect on

M. luteus 19191 9] 9 91313 9 ISi‘azr;])hé/ltczcotc):cus aurgus lr;md Mti)crlocolcq:cu,\.zlléltefu; (;\/IIC <|O.6%).

- n third G+ bacteria Bacillus subtilis, the of Salvia oils were

B sum’/fsl B 192 MM AL 1.25% and 2.5% resp. and in G- bacteria Escherichia coli and

S. cerevisiae B9 |9 | M| W7 ]9 |7 Proteus mirabilis MICs of Salvia essential oils ranged from

C. albicans 11 13 | 15 | 11 11 13 | 15 | 13 <0.6% 10 2.5%. G- bacteria E. coliand Proteus mirabilis MICs of

C. parapsilosis 11 9 9 11 9 11 | 11 | 13 Salvia extracts ranged.fr.om <0.6% t0 2.5%. .

R. glutinis 11 7 11 13 13 11 11 13 E).(tracts T1-T5 originated from the same plant species,

were isolated using the same procedures and differed only by
Tabulka 1 Antimikrobidlna aktivita silic z Tanacetum Vulgare L. (T1 ‘TS) the geographic location. As is evident from the Comparison of
a Salvia officinalis L. (51-S3) pouZzitim diskovej diftznej metd-  ;nnibition zones (Tab. 1) and MIC values (Tab. 2) their
dy. Hodnoty predstavuijd inhibiénd zénu v mm
Table 2 Minimal inhibition concentration (MIC) of the essential oils from Tanacetum vulgare L. (T1-T5) and Salvia officinalis L. (S1-S3) by using the
microdilution method
T1 T2 T3 T5 S1 S2 S3

E. coli 2.5% 2.5% <0.6% >2.5% >2.5% 0.6% 2.5% >2.5%

P. mirabilis >2.5% 2.5% <0.6% >2.5% >2.5% <0.6% 2.5% >2.5%

S. aureus 2.5% 2.5% 2.5% >2.5% >2.5% 0.6% <0.6% <0.6%

M. luteus 2.5% 1.2% 1.2% >2.5% >2.5% <0.6% <0.6% <0.6%

B. subtilis 1.2% 0.6% <0.6% 2.5% >2.5% 1.,2% 2.5% 2.5%
Tabulka2  Minimdlna inhibi¢nd koncentrécia (MIC) silic z Tanacetum vulgare L. (T1-T5) a Salvia officinalis L. (S1-S3) pouZitim mikrodilu¢nej metddy
Table 3 Antifungal activity of essential oils from Tanacetum vulgare L.

Conc. (1) Aspergillus flavus Microsporon gypseum

0 0.5% Inh. % (2) 0.5% Inh. % (2)

T 32 mm 100% 35mm 109% 0% 14 mm 100% 0mm 0% 100%

T3 52 mm 100% 24 mm 46% 54% 22 mm 100% 0mm 0% 100%

T4 32 mm 100% 17 mm 53% 47% 14 mm 100% 0mm 0% 100%
Tabulka 3  Fungicidna ucinnost silic z Tanacetum vulgare L.

(1) koncentrdcia, (2) inhibicia v %
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antibacterial properties are different. Extracts T4 and T5
possess the lowest activity on bacteria and the best effect
possesses extract T3 MIC of which at E. coli, Proteus and
Bacillus is <0.6%, only in Staphylococcus and Micrococcus is
2.5% and 1.25% what is still lower value in the comparison with
the rest extracts from Tanacetum.

Also, the anti-yeasts activities were different. The higher
inhibition zone of essential oil was 15 mm on C. albicans. The
maximum activity on C. albicans was shown (similarly like on
bacteria) by the essential oils T3 from Tanacetum and S2 from
Salvia.

The extracts from Tanacetum vulgare, which showed good
antibacterial and anti-yeast activity, were further tested for their
activity to mold Aspergillus flavus and dermatophyte
Microsporon gypseum. The antifunga effect was monitored by
measuring the diameter of fungal colony, and extracts T1, T3
and T4 inhibited the growth of Aspergillus flavus after 7 days of
cultivation approximately 50% and totally inhibited the growth
of Microsporon gypseum (Tab. 3).

Conclusions

The results obtained in this work confirmed, that essential oils
obtained by water steam distillation from Tanacetum vulgare L.
and Salvia officinalis L. possess the ability to inhibit the growth
of selected bacteria, yeasts and mycelial fungi. Essential oils of
plants belonging to the same taxa but collected from different
localities showed different levels of antimicrobial activities.

Sihrn

Cielom prace bolo stanovit schopnost silic ziskanych z Tanace-
tum vulgare L. a Salvia officinalis L., inhibovat rast vybranych
G+ a G- baktérii, kvasiniek a vlaknitych hib a porovnat poten-
cialny antimikrobialny u€inok silic ziskanych z rastlin z rozli¢-
nych lokalit Slovenska. Pomocou diskovej difuznej metddy
a mikrodiluénej metddy sme zistili, Ze silice su v rozlicnom
stupni u€inné voci vSetkym pouzitym mikroorganizmom. Mini-
malne inhibiéné koncentracie sa pohybuju v rozpati od 0,6% do
2,5%. Z porovnania vysledkov vyplyva, Ze aj ked boli silice zis-
kané z rastlin patriacich do toho istého taxénu, ale zbierané
z rozliénych lokalit, maju rozdielny stuperi antimikrobialneho
tcinku.

Kracové slova: silice, Tanacetum vulgare, Salvia officinalis,
lokalita, antimikrobialny G¢inok
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MORFOMETRICKA A CYTOMETRICKA CI-[ARAK]ERIZACIA GENOTYPOV PRUNUS = FRUTICANS
Z OKRAJOVYCH ZON AGROBIOCENOZ

MORPHOMETRIC AND CYTOMETRIC CHARACTERIZATION OF PRUNUS x FRUTICANS GENOTYPES
FROM MARGINAL ZONES OF AGROBIOCOENOSES

Kristina MURANOVA, Luba DURISOVA, Peter FERUS, Milan BEZO, Tibor BARANEC
Slovenskd polnohospoddarska univerzita v Nitre

Prunus L. (plum) is a polymorphic genus with high hybridization ability. Species of genus plum naturally occur in wild shrub corridors
(ecological corridors) of agricultural landscape. In this environment arises spontaneous hybridization of taxa which results in an increasing
dominance of hybrid populations of genus plum (particularly Prunus x fruticans). Consequently P. x fruticans substitutes autochthonic
parental species, Prunus spinosa. This research was focused on variability determination in selected morphometric characteristics and
genome size of taxon Prunus x fruticans Weihe at locality Cechynce. Variability and genome size evaluation of the hybrid is indispensable
to determine taxon and its diacritical characteristics. Material (fruits) was collected during the vegetation period in the September — October
2010. Length, width and thickness of kernels as well as width of fruits were measured using caliper. Relative proportion of kernel width to
fruit width was evaluated. Fruits and kernel morphology analysis showed considerable variability in evaluated characteristics. Length of
kernels varied from 9+0.79 mm to 12.2+0.82 mm, width from 7.24+0.39 to 8.1+0.31 mm and thickness from 5.41+0.32 to 6.33+0.24 mm. In
relative proportion of kernel width analysis, two different groups of genotypes were identified (59% proportion and 63% proportion).
Genome size analysis of taxa P. x fruticans was analyzed in seed fragments (without seed coat) with internal pea (Pisum sativum L. cv.
‘Ctirad’) standard using reagent kit CyStain Pl absolute P® and flow cytometer (CyFlow ML®, Partec, Germany). The genome size of P. x

fruticans taxa varied in scale 1.42+0.01-1.55+0.01 pg.

Key words: Prunus % fruticans, morphometric characteristics, genome size, flow cytometry

Slivka (PrunusL.) je druhovo rozsiahly a hospodarsky vyznamny
rod so zastlipenim viac ako 200 druhov krov a stromov. Je rozsi-
reny najma na severnej pologuli (Eurazia) ako délezity kompo-
nent lesnych spoloenstiev (Bortiri, Hevvel and Potter, 20086).
Rod je morfologicky velmi réznotvarny (Bertova, 1992) s vyraz-
nou fenotypovou plasticitou (Bortiri, Hevvel and Potter, 2006.)
Vdaka slabym izolaénym bariéram medzi polyploidnymi druhmi
dochadza v ramci rodu k ¢astej medzidruhovej hybridizacii.

Autochténne druhy rodu slivka tvoria dominantné zastupe-
nie v populaciach nelesnej drevinovej vegetacie v polnohospo-
darkej krajine juzného Slovenska. Vyskytuju sa predovSetkym
v podobe neudrziavanych krovinnych pasov (biokoridorov) na
okrajoch polnohospodarskej pddy. V tomto prostredi dochadza
k samovolnému spontannemu kriZzeniu jedincov, ¢oho désled-
kom je narastajuca prevaha zastipenia populacii hybridov rodu
slivka. NajcastejSie sa vyskytujucim taxonom je slivka Ceres-
fova (Prunus x fruticans Weihe), ktora vznikla krizenim slivky
trnkovej (Prunus spinosa L.), ktora je tetraploid, 2n = 32 (Ber-
tova, 1992) a slivky domécej (Prunus domesticaL.), ktora je he-
xaploid, 2n = 6x = 48 (Baranec, 1990; Bertova, 1992). Tento
taxon postupne vytlaca z fytocen6z biokoridorov pévodné a ro-
diCovské druhy (najma slivku trnkovu), pretoZe vplyvom intro-
gresivnej hybridizacie dochddza k zvySeniu ich genetickej
variability. Medzidruhova hybridizacia je tiez jednou z pri€in
ohrozenia autochténnych a vzacnych druhov.

Cielom na8ej prace bolo hodnotenie variability vybranych
morfometrickych charakteristik a stanovenie velkosti genému
slivky CereSnovej. Analyza variability slivky CereSfiovej je dole-
Zitd z hladiska determinacie taxénu a jeho hlavnych diakritic-
kych znakov.
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Material a metddy

Charakteristika rastlinného materialu

Predmetom skimania bola lokalna populacia slivky CereSriovej
(P. x fruticans), ktora je sucastou krovinatych biokoridorov na ok-
rajoch polnohospodarsky vyuZzivanej pody v katastralnom tzemi
obce Cechynce. Z fytocenologického hladiska sa skiimana popu-
lacia zalleriuje do zvazu Pruno spinosae — Crataegetum monogy-
nae (Sod), radu Prunetalia spinosae, asociacie Ligustro —
Prunetum (tmkové kriaginy). V typickej forme su to nepreniknu-
telne husté, 2 — 4 m Siroké pasy mezofilnych kriagin, vyraznej fy-
ziognémie. Porasty tvoria prevazne tfnisté a malolisté druhy krov,
najcastejSie trnka, hlohy, ruze, ostruziny (Ruzickova et al., 1996).

Material sme odobrali z 5 oznacenych volne rastucich je-
dincov, ktoré boli su¢astou lokalnej populacie slivky eresnovej
tvoriacej krovinaté biokoridory na okrajoch agrocenézy. Vybra-
né jedince sme oznadili nasledovne: CH19, CH29, CH39,
CH49, CH59 (obr. 1). Jedince sme zvolili nahodnym vyberom
z celej plochy skimaného biokoridoru.

Slivka Ceredifova (P. x fruticans) je strom alebo vy3si ker.
Konare ma v mladosti chipaté, zvy&ajne bez tffiov, len ojedinele
tfnisté. Listy elipsovité, Siroké, na vrchole tupé, na okraji tupo
pilkovité, chlpaté, najma na rube, na Zilnatine. Stopky listov chl-
paté, 1,5 cm dihé. Kvety velké, zvy&ajne jednotlivo na skrate-
nych brachyblastoch, pu€ia spolu s listami, stopky kvetov
chlpaté, + 1 cm dihé. Korunné lupienky elipsovité, vajcovité, na
vrchole vykrojené, Zltkasté, na baze kratkonechtikovité. Plody
gulaté, 15 — 20 mm v priemere, ¢iernomodré. Kvitnutie april —
maj. Eurépsko-prednoazijsky druh (Bertova, 1992).
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Figure 1

Zaujmova lokalita v blizkosti obce Gechynce

Locality of interest close to Cechynce village

(1) country road (2) Nitra river (3) analysed plant individual (4) analy-
sed ecological corridor section (5) urban area (6) biocentre

Charakteristika zaujmového tizemia

Lokalita sa nachadza v katastralnom tzemi obce Cechynce
v okrese Nitra (obr. 1). Cechynce je obec prevazne polnohos-
podarskeho charakteru. Chotar obce lei na okraji Zitavskej pa-
horkatiny, na favostrannej nive terasy rieky Nitry v nadmorskej
vySke 131 — 210 m.n.m. Chotar bol kedysi ¢asto zaplavovany
vodami rieky Nitra.

Geologicky podklad lokality je tvoreny neogénnymi sivymi
a pestrymi ilmi, prachmi, pieskami, Strkmi, slojami lignitu, slad-
kovodnymi vapencami a polohami tufitov (Biely et al., 2002).
P&dy su Eernozemné nivné.

Z klimatologického hladiska zaradujeme lokalitu do teplej
oblasti, konkrétne do suchého klimatického okrsku s miernou
zimou (Lapin et al., 2002).

Z fytogeografického hladiska patri lokalita Cechynce do
oblasti pandnskej flory (Pannonicum), do obvodu eupanén-
skej xerotermnej flory (Eupannonicum) (Futak, 1980). V bioko-
ridoroch polnohospodarskej krajiny na tzemi strednej Eurdpy
sU hojne zastipené autochtonne krovinné spologenstva (rad
Prunetalia spinosae), v ktorych dominantné druhy patria do ro-
dov slivka (Prunus), hloh (Crataegus) a ruza (Rosa) (Baranec
et al., 2009).

Analyzovany uUsek skumaného biokoridoru sa nachadza
severozapadne od obce Cechynce. M4 dizku 739 m a &irku

Sirka kostky (1) __hribka kostky (3),

e e
£ % Sl

dizka kostky (2)

bocna strana

kostky (4) Sirka plodu (5)
Obrazok 2  Prehlad parametrov zistovanych na késtkach a plodoch
Figure 2 Overview of parameters analysed in kernels and fruits

(1) kernel width (2) kernel length (3) kernel thickness (4) kernel lateral
side (5) fruit width
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10 m. Tiahne sa pozdi? zavlazovacieho kanala a pramefia, kto-
ré su intenzivne znecistované produktami antropogénnej €in-
nosti. Orientacia biokoridoru je severno-juzna. Koridor sa
nachadza v blizkosti rieky Nitra. Okolie koridoru tvori polnohos-
podarska pbda.

Analyza taxonomicky ddleZitych morfologickych znakov

Na analyzu taxonomicky délezitych morfologickych znakov bol
material (plody v plnej zrelosti) ziskavany odberom z oznace-
nych jedincov slivky EereSniovej (P. x fruticans). Odber bol reali-
zovany pocas obdobia september az oktéber 2010. Podla
metodiky uplatnenej v pracach Rybnikarova (2010) a Depypere
et al. (2007) sa stanovovali nasledovné taxonomicky ddlezité
morfologické charakteristiky (obr. 2): dizka, $irka, hribka kos-
tok a Sirka plodov (mm), ktoré boli mechanicky merané s pres-
nostou +0,2/100 mm zo suboru 30 plodov (n = 30).

Analyza velkosti genomu

Na analyzu absolutnej velkosti genému taxénu slivky ¢eresrio-
vej (P. x fruticans) boli pouZité semena skiumanych jedincov.
Internym Standardom bol hrach siaty (Pisum sativum L.) kulti-
varu ‘Ctirad” so znamou velkostou genému (2C = 9,09 pg) (Do-
leZel et al., 2007). Extrakcia jadier z buniek a sfarbenie jadrovej
DNA sa realizovali prostrednictvom komerénej stpravy CyS-
tain Pl absolute P® (Partec, Nemecko).

Na pripravu farbiaceho roztoku (na 10 analyzovanych vzo-
riek) bol pripraveny farbiaci ustaleny roztok Partec-CyStain Pl
Absolut P® (20 ml) s pridanim 120 pl propidium jodidu (Pl) a 60 pl
roztoku RNazy.

1. Priprava vzorky

Na cytometricku analyzu vybranych jedincov taxénu P. x fruti-
cans boli pouzité segmenty semien skimanych jedincov (kli€ne
listy a embryonalna os, prip. celé semena). Semend boli spolu
s endokarpom skladované po dobu 5 mesiacov pri teplote 4 °C.
Pred samotnou analyzou boli semena extirpované zo skleren-
chymatického endokarpu a zbavené osemenia. Na pripravu
vzorky interného Standardu boli pouzité Cerstvé listy (segment
o velkosti priblizne 0,5 cm?).

Priprava vzorky bola realizovana podla metodiky
Partec-CyStain Pl Absolut P (2009). Segment semena skiima-
ného jedinca bol rezany (po dobu 30 — 60 sekund) ostrou Zilet-
kou v Petriho miske (priemer 55 mm) v 500 pl extrakéného
ustaleného roztoku. Pre kazdu novu analyzovanu vzorku bola
pouzita osobitna Ziletka. Po 30 — 90 sekundovej inkubacii v ex-
trakénom ustalenom roztoku bola vzorka prefiltrovana do sku-
mavky cez nylonovy filter (velkost pérov 42 um). Do filtratu bol
pridany 1% polyvinylpyrolidéon (PVP) (Jedrzejczyk, Sliwinska,
2010, Yokoya et al., 2000) a 2 ml farbiaceho roztoku (s PI
a RNazou). Takto pripravena vzorka bola inkubovana po dobu
60 minut (pre taxény rodu Prunus L.) pri teplote 4 °C chranena
pred svetlom. Inkuba¢nd doba pre vzorku interného Standardu
(Pisum sativum L.’Ctirad’) bola 10 — 15 minut.

Pred samotnou cytometrickou analyzou bola suspenzia
skumanej vzorky (P. x fruticans) zmieS§ana so suspenziou inter-
ného Standardu v pomere 1: 1.

2. Cytometricka analyza

Vzorky boli analyzované prietokovym cytometrom CyFlow
ML® (Partec, Nemecko) pevnym laserom emitujucim zelené
svetlo o vinovej dizke 532 nm. V kaZdom merani bolo analyzo-
vanych minimalne 5 000 Castic (jadier). Pre kazdu skimanu
vzorku sa realizovali merania v troch opakovaniach (v priebehu
3 dni, n= 3). Namerané hodnoty boli spracované v podobe his-
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Obrazok 3 Histogram intenzity fluorescencie meranych €astic. Vrcholy his-
togramu zodpovedaju intenzite fluorescencie jadier nezndmeho
genotypu a interného Standardu (Pisum sativum L. cv. “Ctirad")
o priemernych koeficientoch variability 2,88 resp. 2,04 %

Histogram of nuclei fluorescence intensity. Peaks represent
fluorescence intensity of unknown genotype nuclei and inter-
nal standard nuclei (Pisum sativum L. cv. “Ctirad’) of average

variability coefficients 2.88 or 2.04%, respectively

Figure 3

togramu intenzity fluorescencie meranych €astic, ktoré kores-
pondovali s obsahom jadrovej DNA (obr. 3). Histogram
pozostaval z dvoch dominantnych G1 vrcholov reprezentuju-
cich jadra referencnej a skimanej vzorky (Roberts et al., 2008).
Histogram bol analyzovany softvérom FloMax® (Partec,
GmbH, Minster, Germany)

Podla metodiky DoleZel, Greilhuber a Suda (2007) bola
velkost genému skumanej vzorky vypocitana zo vztahu:

genoém vzorky (pg) = geném interného Standardu »

relativna poloha vrcholu vzorky
relativna poloha vrcholu Standardu

Nésledne bola vypocitana priemerna hodnota obsahu 2C
jadrovej DNA.

Ziskané hodnoty morfometrickych znakov a cytometrické
Udaje boli matematicky spracované a Statisticky vyhodnotené

184 [CIDIzka késtky (3)
B Hriibka kostky (5)

Sirka kostky (4)
W Sirka plodu (6)

Rozmer v mm (2)

CH19 CH29 CH39 CH49
Jedinec (1)
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v programoch Excel MS Office a Statgraphics, ver. 4. Pri Statis-
tickom vyhodnocovani bola pouzita analyza rozptylu ANOVA
(LSD test na hladine vyznamnosti a. = 0,05).

Vysledky a diskusia

Analyza taxonomicky ddlezitych morfologickych znakov

Plody skumanych jedincov, ktorymi su holé kdstkovice, dozrie-
vaju v septembri az oktébri. Zrelé plody su gulaté, Cierne,
modro oinovatené (Bertova, 1992). Analyzou morfometrickych
charakteristik kdstok boli zistené preukazné rozdiely vo vSet-
kych sledovanych znakoch (obr. 4). Dizka kdstky plodov odob-
ratych z jedincov CH19 a CH39 bola na urovni 9+0,79 mm,
pri genotype CH49 priblizne na trovni 9,6+0,54 mm a ker CH29
mal plody s najdlhSou késtkou (v priemere 12,2+0,82 mm).
sme pozorovali pri genotype CH19, preukazne vy3Sie pri geno-
type CH49 a genotypy CH29 a CH39 dosiahli najvacsiu Sirku
8,1+0,31 mm. Znaén variabilitu v dizke a $irke kostky slivky
deredtovej (P. x fruticans) z lokality Cechynce zistila aj Rybni-
karova (2010), ktora uvadza priemerné hodnoty pre dizku
kdstky 9,76 mm a Sirku kdstky 7,49 mm. Odlidné velkostné pa-
rametre pre dizku a Sirku kostky zistil Depyrere et al. (2007),
ktory vo vzorkach P. x fruticans pévodom z Belgicka uvadza
niz8iu priemernt hodnotu pre Sirku kdstky (6,3 mm), avSak prie-
merna diZky kdstky bola porovnatelna s tidajmi ziskanymi na-
Simi pozorovaniami (11,1 mm). Hrubkou késtky sa plody
jednotlivych krov liSili od seba najmenej. Takmer pri v8etkych
testovanych genotypoch dosahovala hribka késtky priblizne
5,4+0,24 mm, iba pri genotype CH39 narastla o 0,9 mm
(6,33+0,24) mm. Na druhej strane, v Sirke plodov sme identifi-
kovali nasledovné skupiny genotypov: prvu skupinu tvoril geno-
typ CH49 s priemernou hodnotou 12,0+0,47 mm, druhd
skupinu genotypy CH19 a CH29 s priemernymi hodnotami
12,6+0,89 a 12,9+0,87 mm, a tretiu skupinu genotyp CH39
s priemerom 13,7+1,24 mm. Vy38Siu priemernd hodnotu pre
Sirku plodov P. x fruticans z lokality Cechynce uvadza Rybnika-
rova (2010), ktora v roku 2009 zistila priemernu Sirku plodov
14,56 mm.
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024

CH19 CH29 CH39 CH49

Jedinec (1)

Relativny podiel Sirky kostky na Sirke plodu (2)

Obrazok 4  Morfometrickd analyza plodu a kdstky viacerych jedincov Pru-
nus  fruticans v biokoridore pri obci Gechynce (n = 30 opako-
vani). Odlisné pismenné oznacenie stlpcov (a,b,c) poukazuje
na Statisticky preukazny rozdiel na hladine vyznamnosti 95 %
Fruit and kernel morphometric analysis in several Prunus x
fruticans individuals of the ecological corridor close to Ce-
chynce (n=30). Different letters (a,b,c) indicate level of signi-
ficance at o = 0.05

(1) individual, (2) size in mm, (3) kernel length, (4) kernel width,
(5) kernel thickness, (6) fruit width

Figure 4
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Obrazok 5  Relativny podiel Sirky kostky na Sirke plodu pri viacerych je-
dincoch Prunus = fruticans v biokoridore pri obci Cechynce
(n=30 opakovani). Odli§né pismenné oznacenie stipcov (a,b)
poukazuje na Statisticky preukazny rozdiel na hladine vyz-
namnosti 95 %

Relative ratio of kernel to fruit width in several Prunus x fruti-
cans individuals of the ecological corridor near Cechynce vil-
lage (n = 30). Different letters (a,b) indicate level of
significance at o = 0.05

(1) individual, (2) relative proportion of kernel width fo fruit width

Figure 5
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Pri hodnoteni relativneho podielu Sirky kdstky na Sirke plo-
du (obr. 5) sme identifikovali dve skupiny genotypov, a to s po-
dielom na urovni 59 % (genotypy CH29 a CH49) resp. 63 %
(genotypy CH19 a CH39) v priemere. Genotypy s niz&§im po-
dielom késtky k duZinatej €asti oplodia st vhodnejSie pre selek-
ciu a pripadné hospodarske vyuZzitie taxénu.

Analyza velkosti genému

Prietokova cytometria (FCM — flow cytometry) je v sucastnosti
Coraz CastejSie pouzivanou metédou v mnohych oblastiach bio-
logického vyskumu. Touto metddou je mozné jednoducho,
rychlo a spolahlivo stanovit celkovy obsah jadrovej DNA, ploi-
diu taxénov, analyzovat fazy bunkového cyklu, spésoby repro-
dukcie a pod. FCM sluzi tiez na zistovanie a kvantifikaciu
interSpecifickych krizencov, vyskyt a vzajomné interakcie me-
dzi cytotypmi v populaciach a pod. (Suda a PySek 2010).

Prietokova cytometria je vhodnou alternativou aj pre ure-
nie ploidity / velkosti genému zastupcov ¢elade Rosaceae, pre-
toze chromozomy tychto druhov su €asto malé a pocetné
a urcenie ploidie pomocou poditania chromozdémov je naro&né.
Okrem toho, mikroskopické poéitanie chromozémov je €asovo
naro¢né a obmedzené len na niekolko pletiv. Prietokova cyto-
metria je rychla a presna metéda na vypocet obsahu DNA
a stava sa Coraz CastejSie pouzivanou metédou pre uréenie
velkosti genému rastlin (Jedrzejczyk and Sliwinska 2010).

Pre prietokovu cytometriu sa naj€astejSie pouzivaju mladé
listy, av8ak zvlast pri druhoch obsahujicich inhibitory farbenia
nachadzajlce sa v cytosole listov méZu byt semend vhodnejsie
ako listy (Sliwinska, Zielinska and Jedrzejczyk, 2005).

Hodnota 2C sa pri zastupcoch Celade ruzovité (Rosaceae)
pohybuje v rozmedzi od 0,20 do 7,30 pg (Bennett and Leitch,
2005). Predstavitelia podcelade slivkovaté (Prunoideae) patria
k druhom s malym genémom. Meranim obsahu DNA 12 diploid-
nych taxénov rodu Prunus a ich medzidruhovych krizencov zis-
tili Baird, Estager and Wells (1994) hodnoty od 0,30 pg do 0,79 pg.

Aj ked' cudzoopelenie medzi jedincami s rozdielnou Urov-
flou ploidie pri zastupcoch Celade ruZovité je mozné, Jedrzej-
czyk and Sliwinska (2010) nepozorovali rozdiely v ploidite
medzi listami a semenami pochadzajucimi z toho istého stromu
alebo kra, napr. pri &remche obyc&ajnej (Prunus padus) bol ob-
sah DNA z listov a semien identicky 1,15 + 0,02 pg.

Cytometrickymi analyzami semien bola zistena velkost ge-
nému jednotlivych krov slivky ¢ereSnovej dosahujuca hodnoty
v Skale 1,42+0,01 az 1,55+0,01 pg (Tab. 1). Genotypy CH39
a CH49 pritom vykazovali hodnoty v spodnej Casti intervalu
a genotyp 5 v hornej Casti intervalu. Pri genotypoch CH19
a CH29 sme zistili velkost genému, ktora nebola preukazne od-

Tabulka1  Velkost genomu jednotlivych genotypov Prunus x fruticans
z biokoridoru pri obci Gechynce (n = 3). 0dli$né pismenné
oznacenie hodn6t (a,b) poukazuje na Statisticky preukazny
rozdiel na hladine vyznamnosti 95%

Jedinec (1) Velkost gendmu (pg) (2)
CH19 1,51+ 0,03 ab
CH29 1,49+ 0,05 ab
CH39 1,42 £0,01a
CH49 1,44+ 0,06 a
CH59 1,55+0,01b
Tabulka1  Genome size of individual Prunus x fruticans genotypes from

ecological corridor near Cechynce village (n = 3). Different let-
ters (a,b) indicate level of significance at o = 0.05
(1) individual (2) genome size (pg)
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liSna od tychto troch jedincov. Vysledky analyzy velkosti gené-
mu naznaduju, Ze populdcia slivky ¢ereSnovej na danej lokalite
nepozostava len z &istych hybridov, ale aj z prechodnych fo-
riem. Porovnanim morfometrickych udajov jednotlivych genoty-
pov s velkostou ich gendmu neboli zistené preukazné vztahy
medzi nameranymi hodnotami. V hodnotenom subore zvy3uju-
ca sa velkost gendmu nemala vplyv na zvySovanie hodnét kar-
pologickych charakteristik.

Zaver

V sledovanych morfometrickych znakoch je medzi krikmi slivky
geredtiovej (P. x fruticans) z biokoridoru pri obci Cechynce
znac¢na variabilita, ktora poukazuje na odliny potencial tychto
krizencov v kontexte vyuzitia na pestovatel'ské a potravinarske
Ucely. Jednotlivé genotypy vykazuju aj odliSnosti vo velkosti
genoému.

Intenzivna polnohospodarska aktivita na prilahlych agroce-
nézach spbsobuje stratu prirodzenych biotopov a zvySuje moz-
nosti hybridizacie s nepdvodnymi pestovanymi druhmi, na
zaklade ¢oho dochadza k vytla€aniu pévodnych taxénov z pri-
rodzenych populdcii. D6kazom toho je aj slivka Ceresfova,
ktord v populaciach biokoridorov na okrajoch agrocenéz po-
stupne nahradza pévodny rodi€ovsky druh slivku trnkovu. Zis-
tena znaéna variabilita slivky CereSfiovej vo vSetkych
sledovanych morfometrickych znakoch a aj vo velkosti genému
naznacuje, Ze v populaciach radu Prunetalia spinosae, ktoré sa
vyskytuju v biokoridoroch na okrajoch agrocenéz, dochadza
k intenzivnej hybridizacii. Vysledky vyskumu je mozné uplatnit
pri planovani, resp. rekon&trukcii polnohospodarskej krajiny
v sulade so zasadami trvalo udrzatelného rozvoja.

Sithrn

Rod slivka (Prunus L.) je morfologicky réznotvarny s vysokou
mierou hybridizacie. Druhy tohto rodu sa prirodzene vyskytuju
predovSetkym v podobe neudrZiavanych krovinnych pésov
(biokoridorov) na okrajoch polnohospodarskej pédy. V tomto
prostredi dochddza k samovolnému spontdnnemu kriZzeniu
druhov, €oho vysledkom je postupny previadajuci vyskyt kri-
Zencov rodu slivka. V prevaznej miere je to slivka Ceresrova,
ktora vytla€a pévodny rodi€ovsky druh trnku (P. spinosa). Rea-
lizovali sme analyzu variability jednotlivych genotypov slivky
Cerednovej (P. x fruticans) v sledovanych morfometrickych
znakoch plodov ako aj hodnotenie velkosti genému tychto ge-
notypov cytometrickymi metédami. Analyza variability a velko-
sti gendmu genotypov slivky Eeredfiovej je ddlezita z hladiska
determinacie taxénu a jeho diakritickych charakteristik. Mate-
rial bol ziskavany po€as vegetacného obdobia september — ok-
téber 2010 z 5 ozna&enych volne rastucich jedincov, ktoré boli
sucastou lokalnej populacie slivky EereSfiovej tvoriacej krovi-
naté biokoridory na okrajoch agrocenézy v katastralnom tuzemi
obce Cechynce. Cielom tohto vyskumu bolo analyzovat varia-
bilitu v &irke plodu a hribke, Sirke, dizke kostky, stanovit velkost
genomu jednotlivych genotypov a na zaklade vysledkov posu-
dif vztahy medzi sledovanymi charakteristikami. Analyzou mor-
fometrickych charakteristik kdstok na intraspecifickej Urovni
boli zistené preukazné rozdiely vo vSetkych sledovanych zna-
koch. Dizka késtok varirovala v rozmedzi od 9+0,79 mm do
12,2+0,82 mm, Sirka kostok od 7,24+0,39 do 8,1+0,31 mm
a hrubka kdstok od 5,41+0,32 do 6,33+0,24 mm. Pri hodnoteni
relativneho podielu Sirky kdstky na Sirke plodu sme identifiko-
vali dve skupiny genotypov, a to s podielom na drovni 59 %
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a 63 % v priemere. Pri stanovovani absolutnej velkosti ge-
noému slivky ¢ereSniovej cytometrickou analyzou boli pouZité
semena skumanych jedincov (zbavené osemenia). Ako in-
terny Standard bol pouzity hrach siaty (Pisum sativum L.) "Cti-
rad’. Extrakcia jadier a sfarbenie jadrovej DNA sa realizovali
prostrednictvom reagentného kitu CyStain Pl absolute P® (s PI
a RNazou) s pridanim 1% PVP. Cytometrickymi analyzami
s pouZitim prietokového cytometra (CyFlow ML®, Partec, Ger-
many) sme zistili velkost genému jednotlivych genotypov slivky
Cerednovej, ktory dosahoval hodnoty v Skale 1,42+0,01 pg az
1,55+0,01 pg.

Kracové slova: slivka ¢eresfiova, morfometrické charakteris-
tiky, velkost gendmu, prietokova cytometria

Tento ¢lanok vznikol s podporou projektu ,Excelentného cen-
tra pre uchovavanie a vyuzivanie agrobiodiverzity“ na zaklade
podpory operaéného programu Vyskum a vyvoj, financova-
ného z Eurépskeho fondu regionalneho rozvoja a VEGA
1/0779/11.
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ANALYSIS OF CROPPING PATTERNS OF MEDICINAL AND SPICES PLANTS GROWING
ON PRIME ARABLE LAND

ANALYZA MODELU OSEVNEHO POSTUPU PRE PESTOVANIE LIECIVYCH
A KORENINOVYCH RASTLIN NA ORNEJ PODE

Jozef SMATANA, Milan MACAK
Slovak University of Agriculture in Nitra

The research of crop rotation pattern and field homogenization was carrying out during 2000 — 2010 at company Agrokarpaty Plavnica Ltd
in Slovakia. The average temperature of the site during growing period is 14.9 °C and a sum of precipitation 438 mm. The fields are situated
at 300 — 450 m above the see level. Total acreage of arable land is 380 ha. Share of medicinal plants varied from 85 ha to 145 ha during
evaluated period. The main growing medicinal and spices plants are as follows: Galega officinalis L., Medicago sativa L., Hypericum
perforatum L., Mentha piperita L., Melissa officinalis L., Calendula officinalis L., Fagopyrum esculentum Moench, Carum carviL., Achilea
milefolium L., Agrimonia eupatoria L., Matricaria recutita L., Plantago lanceolata L., Malva mauritiana L. As a forecrop red clover ( Trifolium
pratense L.), winter wheat ( Triticum aestivum L.), spring barley (Hordeum sativum L.) and oat (Avena sativa L.) have been growing. The
management practices of “Agrokarpaty Plavnica“ are in full compliance with the good agricultural practices (GAP). The high priority is
maintenance of soil fertility and sustain of nutrients, mainly nitrogen. The green manure, cover crop, growing of legumes and compost from
own productions are used. Two steps for designing have been suggested (i) Field consolidation and homogenisation of field for crop
rotations area, (ii) Proposal of crop rotation pattern. The interested area is characterized by low production potential of 8 classes of soil
production categories. We have proposed new cropping pattern of 14 fields with total acreage of 180.11 ha with average field 12.87 ha.
Share of medicinal and spices plants is 68.27%, share of red clover 14.29% and spring cereals 17.46%. The design of propose crop rotation
allows to use organic manure mainly before medicinal plants growing for leaves drug, and incorporation of cover crops for maintenance of

soil fertility. Supposed crop rotation pattern complies with basic principles of crop rotation and sustainable agriculture.

Key words: arable land, biodiversity, crop rotation, medicinal plants, spices plants

There is a great demand for medicinal plant in the world market
because of its extensive medicinal values and impeccable
pharmacological properties. Usage of medicinal plants is
expected to rise globally, both in allopathic and herbal
medicine. This upward trend is predicted not only because of
population explosion, but also due to increasing popularity for
natural-based, environmentally friendly products. Also, there
has been an increase in the use of natural substances instead
of synthetic chemicals because many herbal medicines are
free from side effects, easy to obtain, considered healthy, and
create income. It is a well-established fact that plant diversity of
some medicinal plants is being threatened by unregulated
harvesting of natural populations and expansion of urban
centres. So it is advisable to cultivate medicinal plants for better
quality control of the target bioactive components. This
approach also allows the production of uniform plant material at
predetermined intervals in the required quantities (Habéan et al.;
2008; Singh et al., 2011). Plant materials obtained from wild
habitat and by experimental cultivation or farm plantation
cultivated as per the modern agricultural guidelines have to be
analyzed individually (Asha et al., 2010).

The unique diversity of the Slovak regions in natural
vegetation has made our region very interesting for gathering
and harvesting plants for medicinal purposes. Slovakia has had
a long tradition of using medicinal plants but period of
interruptions calls for a restoration of these activities among
Slovak farmers (Haban and Otepka, 2006a). The major
plantation of medicinal plant was established in 1983 at
cooperative Plavnica. There has been strong tradition of

growing medicinal plant at Pieniny mountain area since 17"
century. Monastery Cerveny Klastor was the centre of healing
with medicinal plants.

There is a lack of information concerning agricultural
systems of majority of medicinal plants. Incorporation of
medicinal plant into crop rotation pattern helps to produce
medicinal plant and to increase the biodiversity of agricultural
systems (FazekaSova et al, 2011). For new system
approaches, the life cycle assessment (LCA) can help improve
the agricultural system and crop sequences of medicinal plant
growing by Slovak farmers. The evaluation of agricultural
systems using LCA, reveals problems with its application due to
the heterogeneity of such a system. Nevertheless, LCA has
been successfully applied and revealed important results
(Horne et al., 2009). Life cycle assessments of different farming
systems have been mostly carried out at single crop level.
However, farmers optimise their production for a whole crop
rotation. Moreover, some emissions like nitrate leaching occur
mainly during the fallow periods between crops. It is therefore
preferable to compare farming systems in the perspective of
a crop rotation (Nemecek et al., 2001).

There is minimum information about forecrop value of main
crops and about special crop rotation pattern with dominant
share of medicinal plants growing on arable land (Haban and
Otepka, 2006b; Haban et al., 2010).

The aim of the study was to analyse and design the special
crop rotation pattern of medicinal plant under intensive
management practices on “Pieniny“ region.
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Material and methods

The research of a crop rotation pattern and field
homogenization was carrying out during 2000 — 2010 at
company “Agrokarpaty Plavnica Ltd“. The company was
founded in1993 dealing with growing of medicinal plants,
processing of herbal tea and massage oil. The average
temperature of the site is 14.9 °C and sum of precipitation
438 mm during growing period and total year precipitation is
662 mm. The high dose of precipitation is during July — 97 mm
and the driest condition is in March —only 31 mm in an average.
The coldest month is January (4.4 °C) and the warmest month
is July with average temperature of 17.9 °C. Soils are brown
and acid with tick soil layer. The soil productive potential was
analysed according Dzatko (2002). The fields are situated at
300 — 450 m above the see level. According last updated from
31.12. 2010, total acreage of arable land is 380 ha. Share of
medicinal plants varied from 85 — 145 ha during evaluated
period.

The main growing medicinal plants are as follows: Galega
officinalis L., Medicago sativa L., Hypericum perforatum L.,
Mentha piperita L., Melissa officinalis L., Calendula officinalis
L., Fagopyrum esculentum Moench, Carum carvi L., Achilea
milefolium L., Agrimonia eupatoria L., Matricaria recutita L.,
Plantago lanceolata L., Malva mauritiana L. As a forecrop red
clover (Trifolium pratense L.), winter wheat ( Triticum aestivum
L.), spring barley (Hordeum sativum L.) and oat (Avena sativa
L.) were growing.

Some aspects of LCA have been applied according Horne
et al. (2009). For designing of crop rotation pattern, the
methodological approaches according PospiSil et al. (1999)
were used. For field homogenisation we merged and split
existing fields for designing the space and time rotation with
relation to soil quality. The acreage of arranged fields varied 5%
about average. For evaluation of soil productivity, fertility and
quality of this area, special maps from Soil Science and
Conservation Research Institute were used
(www.podnemapy.sk).

Results and discussion

The management practices of “Agrokarpaty Plavnica®“ are in
full compliance with the good agricultural practices (GAP).
The high priority is maintenance of soil fertility and sustain
of nutrients, mainly nitrogen. The green manure, cover crop,
growing of legumes and compost from own production was
used.

Due to frequent changes of growing particular medicinal
plant there has not been long term a crop rotation pattern yet.
For further improvement of yield and quality of production, the
elaboration and design of crop rotation are needed. According
analysis of ten year period, we have found out positive
practices of growing medicinal plants. The medicinal and
spices plants were strictly growing only at field with long history
of mechanical weed protection. This precondition is very
important mainly for tops or harvesting of aboveground
biomass (Tyr et al., 2009). According literature information
a suitable forecrop for medicinal plants are legumes and
cereals (Thurzova et al., 1983). According our investigation the
suitable forecrop was winter wheat. Spring barley was used for
intercropping with clover. Lemon balm (Melissa officinalis L.)

38

Acta fytotechnica et zootechnica 2/2011

positively reacts on goats rue (Gallega officinalis L.) as
a forecrop mainly due to nitrogen residues. For the same
reason the goats rue seems to be good forecrop for common
yarrow (Achilea millefolium L.). Frequently used forecrop for
ramstongue Plantago lanceolata L. was red clover.
Ramstongue as a leaves drug needs a supply of nitrogen and
field without weeds infestation. This is in accordance with
Kovag et al. (2003). We have also found out inappropriate crop
sequences as follows: two year monoculture of chamomile
Matricaria recutita L. Chamomile is one year plant and it is out
of agro technical rules growing this plant by monoculture
manner. Patra et al. (2005) reported that chamomile may follow
pulses, such as green gram, pigeon pea, and other summer
vegetables. Chamomile can be grown on the residual soil
fertility preceding green manuring and crops that are heavily
fertilized.

Another shortcoming is growing Hypericum perforatum L.
after winter wheat, which is according Ruminska (1991) not
suitable forecrop. Haban et al. (2008) recommended minimum
3 year interruption for growing pot marigold Calendula
officinalis L. at the same field for maintenance of quality of
drugs. This recommendation was broken several times and pot
marigold was growing after one year interruption. Mentha
piperita L. is usually growing as a monoculture 2 — 4 years and
5 year interaction is needed. We have found out several cases
of short rotation. For avoiding such imperfection and for
creation of better condition and management practices
designing of suitable crop rotation pattern is needed.
Sustainability of crop rotation depends also on increasing
biodiversity of crop rotation and balance management of
organic matter (Kova¢ and Macak, 2007).

The study shows that the comparison of farming systems
may yield misleading results, when performed only at the level
of a single crop. The system boundaries should therefore be
extended to a whole crop rotation. Differences detected for
single crops may be almost fully compensated when the whole
crop rotation is considered (Nemecek and Erzinger, 2005).

Two steps for designing were suggested. (i) Field
consolidation and homogenisation of field for crop rotations
area according soil and land conditions (Viléek, 2004;
FazekaSova and Torma, 2007). The area is characterised by
8 classes of soil production categories. T1, T2, T3 — category of
field designated for grassland use; OT1, OT2, OT3 category of
field potentially use for arable land; O — prime arable land. Only
1 field in category O7 and O6 with the lowest production
potential of arable land were identified (Figure 1). The
interested area is characterized by low production potential
primary designated for extension farming according
classification of production categories by DzZatko (2002). The
16 fields were analysed and 14 new fields for designing of new
crop rotation area were arranged. (ii) Proposal of crop rotation
pattern. According methodological approaches from numerous
literature sources and own analysis (PospisSil et al., 1999;
Kovac et al., 2003; Macék et al., 2007; Haban et al., 2008) we
propose 14 year crop rotation pattern as follows:

e 1. Trifolium pratense L. —12.87 ha. 2. Plantago lanceolata L.

— 12.87 ha. 3. Plantago lenceolata L. — 12.87 ha.

4. Matricaria recutita L. — 12.87 ha. 5. Carum carviL.— 4 ha,

Mentha piperita L. — 2 ha, Fagopirum esculentum Moench. —

3.87 ha, Calendula officinalis L. — 1.5 ha, Malva mauritiana

L.—1.5 ha. 6. Carum carvi L.— 4 ha, Mentha piperita L. — 2

ha. Matricaria recutita L. — 6.87 ha. 7. spring barely

(Hordeum sativum L.) — 12.87 ha under seeded with red

clover (Trifolium pratense L.). 8. red clover (Trifolium
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e

Thickness of humus horizon (letters: 1 —very deep, 2 —deep, 3—medium, 4 —shallow) and soil production categories (T — category of field designated for grassland

Figure 1

Source: Soil Register of Soil Science and Conservation Research Institute, 2011

use, OT — category of field potentially use for arable land, O — prime arable land) .
Obrazok 1  Analyza produkéného potencidlu pestovatelskej oblasti Plavnica— kataster obce Sambron

Zdroj: Padny portél Viyskumného dstavu pddoznalectva a ochrany pédy, 2011
Hribka humusového horizontu (pismend: 1 — velmi hlboky, 2 — hiboky, 3 — stredne hiboky, 4 — plytky) a typologicko-produkéné kategdrie (T — kategéria pody
uréend na vyuZitie pre travne porasty, OT — kategéria pody potencidlne vyuZitelnd ako orné pdda, O — ornd poda)

pratense L) —12.87 ha. 9. Plantago lanceolata L. —12.87 ha.
10. Plantago lanceolata L. — 12.87 ha. 11. Hypericum
perforatum L. -5 ha, Achilea millefoliumL.—1.5 ha, Melissa
officinalis L. — 0.2 ha, Agrimonia eupatoria L. — 0.2 ha,
Medicaco sativa L. — 0.2 ha, Galega officinalis L. — 0.1 ha,
Matricaria recutita L. — 5.67 ha. 12. Hypericum perforatum
L. — 5 ha, Achilea millefolium L. — 1.5 ha, Melissa officinalis
L.—0.2 ha, Agrimonia eupatoria L. — 0.2 ha, Medicaco sativa
L. — 0.2 ha, Galega officinalis L. — 0.1 ha and oat (Avena
sativa L.) — 5.67 ha. 13. Hypericum perforatum L. — 5 ha,
Achilea millefolium L. —1.5 ha, Melissa officinalisL.— 0.2 ha,
Agrimonia eupatoria L. — 0.2 ha, lucerne (Medicaco sativa
L.) —0.2 ha, Galega officinalis L. — 0.1 ha, Matricaria recutita
L. — 5.67 ha. 14. spring barley (Hordeum sativum L.) —
12.87 ha under seeded with red clover ( Trifolium pratense L.).

Total acreage of 14 fields of crop rotation is 180.11 ha with
average field 12.87 ha. Share of medicinal plant is 68.27%,
share of red clover 14.29% and spring cereals 17.46%. The
design of propose crop rotation allows to use organic manure
mainly before medicinal plants growing for leaves drug and
incorporation of cover crops for maintenance of soil fertility.
Supposed crop rotation pattern complies with basic principles
of crop rotation and sustainable agriculture.

Conclusions

According ten year period of growing medicinal plants in
“Agrokarpaty Plavnica“ the main findings of the analysis of
cropping patterns are as follows: the management practices of
“Agrokarpaty Plavnica“ are in full compliance with the good
agricultural practices (GAP). The high priority is maintenance of
soil fertility and sustain of nutrients, mainly nitrogen. The green

manure, cover crop, growing of legumes and compost from
own productions are used. The area is characterised by
8 classes of soil production categories. T1, T2, T3 — category of
field designated for grassland use; OT1, OT2, OT3 category of
field potentially used for arable land and only one field in
category O7 and O6 of the lowest production potential of arable
land were identified. The interested area can be characterized
by low production potential and is primary designated for
extension farming according classification of production
categories. Total acreage of proposed 14 fields crop rotation
area is 180.11 ha with average field 12.87 ha. Share of
medicinal plant is 68.27%, share of red clover 14.29% and
spring cereals 17.46%. The design of propose crop rotation
allows to use organic manure mainly before medicinal plants
growing for leaves drug and incorporation of cover crops for
maintenance of soil fertility. Supposed crop rotation pattern
complies with basic principles of crop rotation and sustainable
agriculture.

Sihrn

Vyskum modelu osevného postupu a homogenizacie honov bol
realizovany v rokoch 2000 — 2010 v Agrokarpaty s. r. o.,
Plavnica. Priemerna denna teplota pokusného miesta pocas
vegetacie je 14,9 °C so sumou zrdZzok 438 mm. Polia su
situované v nadmorskej vySke 300 — 450 m nad morom.
Celkova vymera ornej pddy je 380 ha. V hodnotenom obdobi sa
lie€ivé rastliny pestovali na ploche 85 — 145 ha. Pestovali sa
hlavne nasledovné lie€ivé a koreninové rastliny: Galega
officinalis L., Medicago sativa L., Hypericum perforatum L.,
Mentha piperita L., Melissa officinalis L., Calendula officinalis
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L., Fagopyrum esculentum Moench, Carum carvi L., Achilea
milefolium L., Agrimonia eupatoria L., Matricaria recutita L.,
Plantago lanceolata L., Malva mauritiana L.. Ako predplodiny
sa pestovali datelina lu¢na (Trifolium pratense L.), pSenica
ozimna ( Triticum aestivum L.), jaémeni jarny (Hordeum sativum
L.) a ovos siaty (Avena sativa L.). Pestovatelské postupy boli
v sllade so spravnou farmarskou praxou. Najvyssi déraz sa
kladol na udrziavanie pédnej Urodnosti a zdsobovaniu Zivinami,
najma dusikom. VyuzZivalo sa zelené hnojenie, pestovanie
leguminéz a aplikacia kompostu z vlastnej produkcie. Boli
navrhnuté dva kroky pre modelovanie osevného postupu (i).
Priestorova Uprava poli a homogenizacia Uzemia osevného
postupu (ii). Navrh modelu osevného postupu. Zaujmové
lzemie je charakterizované nizkym produkénym potencialom
pbdy v 8 typologicko-produkénych kategoriach. Bol navrhnuty
model osevného postupu na ploche 180,11 ha s priemernou
vymerou honu 12,87 ha. Podiel lie€ivych a koreninovych rastlin
bol navrhnuty na drovni 68,27%, podiel dateliny 14,29%
a podiel jarnych obilnin 17,46%. Usporiadanie navrhnutého
osevného postupu umoZziiuje aplikciu organickych hnojiv,
hlavne pred lie€ivymi rastlinami pestovanymi na listovu drogu
a pestovanie medziplodin na udrzanie pédnej urodnosti.
Navrhnuty model osevného postupu je v stlade s principmi
striedania plodin a udrzatelného polnohospodarstva.

Klacové slova: orna pbda, biodiverzita, osevny postup, lieivé
rastliny, koreninové rastliny
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EVALUATION OF BASIL SEED (OCIMUM BASILICUMLL.)
HODNOTENIE SEMIEN BAZALKY PRAVEJ (OCIMUM BASILICUM L.)

Jan KISGECI," Slavica JELACIC,' Damir BEATOVIC,' Jelena LEVIC,? Dorde MORAVCEVIC,'
Vlade ZARIC," Ljiliana GOJKOVIC®

University of Belgrade, Serbia'
Maize Research Institute “Zemun Polje” Belgrade, Serbia?
Secondary agricultural School “Zmaj” Zemun-Belgrade, Serbia®

Ten basil (Ocimum basilicum L., family Lamiaceae) seed populations from Serbia were evaluated in this paper. The following parameters
were analyzed: germination energy, total germination, mass of 1 000 seeds (absolute seed weight), and content of fatty oil in the seed and
plumpness of seed (length, width and thickness). Furthermore, mycobiota was identified on the seed. All examined populations were
characterized by high average values for seed germination. The highest average seed germination was determined in the population T-7
and amounts to 96.6%. The greatest mass of 1 000 seeds was determined in population T-7 and it was 1.71 g. The seed of examined
populations is characterized by high content of fatty oil. The greatest content was recorded in population T-2 and it was 25.29%. The
analysis of seed dimensions established significant differences between average values for length, width and thickness, i.e. plumpness of
seeds. Population T-7 was characterized by largest seeds. Five fungi genders were isolated and identified on the seed. Species from
Alternaria gender were identified in the seed samples of all examined basis populations. Species from Penicillium gender were isolated
from the sample of seeds of eight populations. Aspergillus spp. was identified in the seed sample of two populations. Fungi Trichoderma

spp., F. oxysporum and F. verticillioides were identified in the seed sample of one basil population.

Key words: seed, basil, germination, fatty oil, mycobiota

Basil (Ocimum basilicum L., family Lamiaceae) has been
grown traditionally in Serbia as a decorative, medicinal,
seasoning and ritual herb. With Orthodox people it has
a religious and ritual meaning, and in India and Pakistan basil
is a herb dedicated to Goddess Tulsa (Nazim et al., 2009).
Gender Ocimum comprises a large number of species (60 — 150),
which differ mutually according to their general morphological
characteristics, contents and chemical composition of
essential oil. Difficulties in the classification of Ocimum
species are the polymorphic character of the plant and
cross-breading within the species, which resulted in a large
number of sub-species, varieties and types. Basil was brought
to Serbia in the 12 century and since then it has been
adjusted to the existing agroecological conditions and
differentiated into a large number of types and populations
(Jelacic, et al., 2011).

Top herbaceous end of the blossoming plant Basilici herba
and essential oil Basilici aetheroleum are used for medicinal
purposes, as seasoning and food preservative, as a raw
material in food, pharmaceutical and perfume industry.

Secondary metabolites from Ocimum species possess an
exceptional biological activity and have: bactericide, fungicide,
repellent, antiinflammatory, antioxidative, antidiarrheic,
chemopreventive and radioprotective effect (Opalchenova and
Obreshova, 2003; Lukmanul Hakkim et. al., 2008; Gajula et al.,
2009; Runyoro et. al., 2010).

Basil seed has been used in traditional medicine for the
treatment of collics, ulcus, dyspepsia, diarrhea and other
illnesses. In Iran and other parts of Asia basil seed is used to
prepare beverages (Sharbat) and ice desserts (Faloodeh).
Seed has also been used as a raw material for the preparation
of various products used in cosmetics and represents a major
source of dietary fibres. It is used in cosmetics, perfume and

food industry. Basil seed is black in colour and oval in shape
(Hosseini-Parvar at al., 2010).

Angers at al. (1996) have studied the content and quality of
fatty oil of different Ocimum species seeds. The use of basil
seed fatty oil as a raw material in cosmetic and perfume
industry has been studied by Domokos and Perédi (1993).
Razavi at al. (2010) studied some physical and mechanical
characteristics of basil seed. Soltani et al. (2006) and Padurariu
at al. (2010) studied the effect of magnetic field and various
concentrations of heavy metals on the basil seed germination.

Basil seed mycobiota was studied by Reis at al. (2007) and
Kruppa and Russomanno (2008).

Bearing in mind the research conducted so far, there is
a great interest to perform evaluation of basil seed of the
populations grown in Serbia. Basil seed evaluation includes
determination of individual parameters of seed quality, content
of fatty oil in the seed and examination of pathogens
(mycobiota) on the seed.

Material and methods

Seeds from ten basil populations collected on the territory of
the Republic of Serbia and representing a part of
multidisciplinary studies conducted in the period from 1996 to
2010 have been used as a material for this research.
Taxonomic qualification of the collected populations was
determined according to Ivanovais key. The selected
populations have been marked under codes from T-1 to T-10
and deposited in the Serbian Plant Genes Bank and at the
Institute for Crop Farming and Vegetable Growing of the
Faculty of Agriculture in Belgrade.
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Basil seed produced in 2008 was used for this research.
Basil crop was established by direct seed sowing during the
month of May. After germination, the plants were thinned out to
final distance, which was 50 cm between the lines and 25 cm
within the line. During vegetation, the following measures of
crop tending were applied: digging up, elimination of atypical
plants, covering with earth and watering. Seed harvest was
performed in September.

Examining basil seed germination was performed by
standard laboratory method on a filter paper moistened with
0.2% solution of KNOgz. The seed was incubated for 14 days at
the temperature of 20 — 30 °C and relative humidity of 95%. On
the seventh day of incubation germination energy (GE) was
evaluated, and on the fourteenth day of total germination (TG),
i.e. the number of typical young plants (ISTA, 2009). Examining
germination was performed on 100 seeds from each population
in five repetitions (5 x 100).

Mass of 1 000 seeds was determined by measuring on
a technical scale in 10 repetitions.

Plumpness of seeds (length, width and thickness) was
determined by measuring on a digital nonius (Digital caliper,
model: DC-5159) in 30 repetitions. Determining the content of
fatty oil in the seed was performed by standard laboratory
method on a device according to Soxhlet in three repetitions
(Ph.Yug.IV).The content of oil in the seed was calculated based
on the formula:

% fatty oil = (a - b) x 100/Mq

where:

a - weight of dish with fatty oil (g)

b - weight of empty dish (g)

Mq - measured quantity of sample (g)

Isolation and identification of fungi on basil seed were
performed in the following way:

— 100 seeds from each basil sample were rinsed for one hour
under the jet of tap water and then sterilized in 1% solution of
sodium hypochlorite, three times rinsed with distilled water
and dried up between two layers of soft paper. Eight seeds
were distributed into Petri boxes with potato dextrose agar
(PDA), kept for seven days under laboratory conditions. After
the incubation period, seed samples were examined under
minor magpnification of stereomicroscope.

For the purposes of reliable identification of certain species
of fungi, fragments of mycelia developed around the sample of
seeds were transferred in sterile conditions to PDA and agar
with sterile fragments of carnation leaf (CLA). The resown
cultures on PDA were incubated in dark at 25°C, while they
were incubated on CLA while changing light (combined
fluorescent and NUV light) and dark at 12 hour intervals. PDA
and CLA agars were prepared according to methods described
by Burgess et al. (1994).

The intensity of occurrence (l) of certain species of fungi on
the basil seed was calculated using the following equation:

I = number of seeds on which fungus was established x
x 100 / total number of seeds

Analysis of experimental results was conducted by means
of descriptive and analytical statistics with statistical package
STATISTICA. Of the central tendency indices arithmetical
mean. Data variability was quantified through standard
deviation. Testing the differences between the treatments was
conducted by method analysis of variance (ANOVA), LSD-test,
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Results and discussion

The main index of the seed vitality, from which its useful value
largely depends, is its germination.

The energy of seed germination of the examined basil
populations was determined by counting seedlings on the
seventh day (Table 1). Average values of germination energy
ranged from 78.6% (T-1) to 93.6% (T-6). On the fourteenth day
total germination was calculated and it ranged from 83.6% (T-1)
t0 96.6% (T-7). The differences in the value of total germination
between the examined basil populations were around the
interval of 13%. Padurariu et al. (2010) examined the seed
germination of different basil varieties, and the obtained values
ranged from 66.7% to 96.7%.

Table 1 Germination energy and total germination of seeds basil
populations
Basil populations (1) | Germination energy in % (2) | Total germination in % (3)
T-1 78.6 +2.80 83.6 +1.67
T-2 85.6 +2.29 91.2 +0.84
T-3 80.2 +2.17 89.8 +1.48
T-4 86.8 +2.09 91.8 +1.59
T-5 81.8+2.49 87.0 £1.58
T-6 93.6 +1.52 94.8 +1.10
T-7 91.6 +1.52 96.6 +1.82
T-8 83.0 +2.08 85.0 +1.87
T-9 86.6 +1.14 90.2 +1.10
T-10 90.0 +2.74 94.6 +1.51
LSD 0.05 3.55 2.23
LSD 0.01 475 2.98
Tabulka 1  Energia kliCivosti a celkova kli¢ivost semien populacii bazalky

(1) populdcia bazalky, (2) energia kli€ivosti, (3) celkova kli€ivost

According to Haban et al. (2007) and KiSgeci at al. (2010) the
mass of 1 000 basil seeds was 1.2 to 1.8 g. In our studies the
lowest average value of the mass of 1 000 seeds was obtained in
the population T-8 and it was 1.12 g, whereas the highest
average value of 1.71 g was obtained in the population T-7
(Table 2). In the studies of Razavi, (2010) the average value of
mass of 1 000 seeds was 2.13 g.

Table 2 Mass of 1 000 seeds and content of fatty oil
Basil populations (1) | Mass of 1000 seeds in g (2) | Content of fatty oil in % (3)
T-1 1.22 +0.03 20.77 £0.10
T-2 1.32 £0.07 25.29 +0.06
T-3 1.51 £0.06 19.71 £0.07
T-4 1.52 +0.04 21.22 +0.10
T-5 1.44 £0.04 20.49 £0.07
T-6 1.43 £0.07 24.24 +0.19
T-7 1.71 £0.04 15.82 £0.10
T-8 1.12 £0.03 12.91 £0.07
T-9 1.25 £0.02 12.48 £0.12
T-10 1.29 £0.03 16.85 0.1
LSD 0.05 0.07 0.18
LSD 0.01 0.10 0.25

Tabulka2 Hmotnost tisic semien a obsah oleja

(1) populdcie bazalky, (2) hmotnost tisic semien, (3) obsah oleja
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The content of fatty oil in the seed of examined populations
ranged (Table 2) from 12.48% (T-9) to 25.29% (T-2). Angers et
al. (1996) examined the content of fatty oil in different species of
Ocimum gender and they established that the content of oil was
the lowest in the species Ocimum canum and it was 18%, and
the highest percentage, 26%, was recorded in the specie
Ocimum basilicum.

By examining plumpness, i.e. dimensions of seeds the
following results have been obtained (Table 3). The length of seed
ranged from 2.31 mm (T-8) to 2.64 mm (T-7). The values of the
width of seed ranged from 1.30 mm (T-8) to 1.54 mm (T-7). The
thickness of seed ranged from 0.99 mm (T-8) to 1.14 mm (T-7).

Table 3 Dimensions of seeds basil populations

Sg;'lﬂlaﬁ ons (1) Length (2) Width (3) Thickness (4)
T-1 2.39 +0.07 1.39 £0.03 1.02 £ 0.04
T-2 2.40 +0.05 1.37 £0.09 1.02 +0.03
T-3 2.39 £0.08 1.42 £0.07 1.08 +0.06
T-4 2.41 £0.06 1.40 £0.08 1.03 £0.06
T-5 2.42 +0.07 1.44 +0.05 1.04 £0.03
T-6 2.35+0.05 1.31 £0.07 1.03 £0.05
T-7 2.64 £0.08 1.54 £0.04 1.14 £0.04
T-8 2.13 +£0.07 1.29 £0.04 0.99 +0.04
T-9 2.35£0.07 1.37 £0.07 1.02 £0.04
T-10 2.34 £0.05 1.30 £0.03 1.00 £0.04
LSD 0.05 0.048 0.043 0.032
LSD 0.01 0.064 0.057 0.042

Tabulka 3  Rozmery semien populdcii bazalky
(1) populdcie bazalky, (2) dlzka, (3) Sirka, (4) hribka

In the research of Hosseini-Parvar, (2010) somewhat
higher average values of seed dimensions have been obtained
(length 3.11mm, width 1.82mm and thickness 1.34 mm).

Five fungi genders were isolated and identified on the
examined seed of ten domestic basil populations (Table 4). In all
seed samples species from Alternaria gender were identified, in
the percentage of 12.5 to 68.8%. Species from gender Penicillim
were isolated from eight seed samples in the intensity of 2.1 to
6.3%. Aspergillus spp. was identified in two samples, and
Trichoderma spp. (4.2%), F. oxysporum and F. verticilliodes
(2.1%) were identified each in one sample respectively.

In comparison to data from scientific literature,
a significantly lower number of fungi were isolated from
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domestic population of basil than from the commercial basil
seed grown in Brazil (Reis et al., 2007; Kruppa and
Russomanno, 2008). Reis et al. (2007) isolated 11 species of
fungi from basil seed. The frequency of certain fungi varied
significantly, depending on the examined variety of basil. The
most frequent species was A. alternata, as it was isolated from
all examined varieties of basil, and it had the highest intensity of
occurrence (up to 57.5%). Apart from Cladosporium spp.
(1.5 - 21.0%), F. oxysporum (0.8 — 9.3%) and Fusarium spp.
(1.5—-5.0%), all other species had the intensity much below 5%
(2.8 — 4.3% Myrothesium roridum, 2.5 — 2.8% Phoma spp.,
1.8% Stemphilium spp., 0.5 — 3.0% Rhizopus stolonifer,
1.8 — 2.8% Helminthosporium spp., 0.5 — 1.8% Colletotrichum
gloeosporioides and 0.5 — 2.8% Aspergillus spp.).

Kruppa and Russomanno (2008) isolated and identified
22 species from basil seed. The most frequently isolated
species were Rhizopus spp. (46.4%) and Cladosporium spp.
(42.9%) and Alternaria alternata (32.1%). Curvularia lunata and
Epicoccum purpurascens (25.0%) were isolated in the same
intensity, while other isolated species were 17.9%
(Aspergillus spp.), 14.3% (Phoma spp.), 10.7% (Fusarium
solani, Trichoderma spp.), 7.1% (Colletotrichum spp.,
Curvularia spp., Exserohilum spp., Fusarium spp., Penicillium
spp., Pithomyces chatarum) and (Acremoniella spp., Bipolaris
sorokiniana,  Colletotrichum  gloeosporioides,  Curvularia
inaqualis, Fusarium equiseti, F. oxysporum).

Species from gender Fusarium were, in some
Mediterranean countries (ltaly, France, Israel, etc.) economically
significant pathogens of basil, since they caused withering and
rotting of root of this medicinal herb (Minuto et al., 2002). The
seed is the cause of fast spread of pathogens to many
countries, as a way of maintenance of its vitality (Gamliel and
Yarden, 1998). The most significant worldwide basil pathogen
is F. oxysporum f{. sp. basilici which causes poor germination, low
growth and basil leaf chlorosis, especially when transplanted
more than once or twice (Minuto et al., 2002). In Israel, basil
fusariosis is the result of combination of effects of climatic
conditions and modes of picking (Gamliel and Yarden, 1998).

Conclusions

All examined basil populations are characterized by high average
values for seed germination. The highest average seed
germination was established in population T-7 and it was 96.6%.
In population T-7 the greatest mass of 1000 seeds was
determined, being 1.71g. The seeds of examined populations are
characterized by high content of fatty oil. The greatest content was
recorded in population T-2, being 25.29%. The analysis of seed
dimensions established significant differences of average values

Table 4 The intensity of the fungi of seeds basil populations

Types of fungi (1) Basil populations in % (2)

T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8 T-9 T-10
Alternaria spp. 39.6 60.1 29.2 68.8 56.3 56.3 29.2 12.5 18.8 14.6
Aspergillus spp. - - - - - - - - 2.1 2.1
Fusarium oxysporum - - - - - - 21 - - -
Fusarium verticillioides - - - - - 2.1 - - - -
Penicillium spp. - - 241 42 241 6.3 241 2.1 6.3 6.3
Stemphylium botryosum - - - - - - - 2.1 - -
Trichoderma spp. - - - - - 42 - - - -

Tabulka 4  Napadnutie semien bazalky hubami
(1) typ hab, (2) populécie bazalky
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in terms of their length, width and thickness of seeds. Population
T-7 is characterized by largest seeds. Five fungi genders were
isolated on the examined seed of ten basil populations. Species
from gender Alternaria were identified in all samples of seeds from
the examined basil populations. Species from gender Penicillim
were isolated from the samples of seeds of eight populations.
Fungi Trichoderma spp., F. oxysporum and F. verticillioides were
identified on the samples of seeds of one population of basil each.

Sihrn

V praci bolo hodnotenych 10 populécii semien bazalky pravej
(Ocimum basilicum L., €elad Lamiaceae) zo Srbska. Analyzo-
vali sa nasledovné parametre: energia kli¢enia, celkova klici-
vost, hmotnost tisic semien (absolutna vaha semien), obsah
oleja v semene a rozmer semien (dizka, irka a hribka). Dalej
bola identifikovana mikrobiota semien. VSetky hodnotené po-
pulacie boli charakteristické vysokou priemernou hodnotou kli-
Civosti semien. NajvysSia priemerna kli€ivost na drovni 96,6%
ako aj najvyssia HTZ 1,71 g bola zistena v populécii T-7. Se-
mena hodnotenych populdcii mali vysoky obsah oleja. NajvySsi
obsah oleja bol zaznamenany v populacii T-2 na drovni
25,29%. Analyzou rozmeru semien boli zistené preukazné roz-
diely priemernych hodnét dizky, &irky a hribky tzn. baculatosti
semien. Populacia T7 bola charakteristicka najvacsimi roz-
mermi semien. Na semenach bolo identifikovanych pét rodov
hub. Druhy rodu Alternaria boli identifikované vo v8etkych za-
kladnych populaciach. Druhy rodu Penicillium boli identifiko-
vané vo vzorkach deviatich populacii. Aspergillus spp. boli
identifikované v dvoch populaciach semien bazalky. Huby Tri-
choderma spp., F. oxysporuma F. verticillioides boli zistené iba
na vzorke jednej populécie bazalky.

Klacové slova: semeno, bazalka, kli¢enie, olej, mikrobiota
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BILANCIA ENERGIE A OXIDU UHLICITEHO PRI ROZNYCH TECHNOLOGIACH
PESTOVANIA PSENICE OZIMNEJ

ENERGY AND CARBON DIOXIDE BALANCE BY DIFFERENT CULTIVATION TECHNOLOGIES
OF WINTER WHEAT
Richard POSPISIL," Jozef RZONCA?

Slovenska polnohospodarska univerzita v Nitre, Slovenska republika’
0.S.A., Praha, Ceskd republika®

The aim of this work was to evaluate of energy balance and carbon dioxide emission by different cultivating technologies of the winter wheat
(Triticum aestivum L.). The field trials were carried out on the experimental base of the Slovak Agricultural University in Dolna Malanta in
years 2000 — 2007. The experiments were performed in natural field conditions using three ways of the soil tillage: conventional,
reduced and minimal tillage. We have applied the following ways of the fertilization: without fertilization, balanced fertilization and balanced
fertilization + ploughed remains after harvest. Winter wheat in conditions of haplic luvisol has a strongly positive energy balance. Balance of
carbon dioxide was negative. The energy inputs were the lowest at the minimum tillage (mean 10.77 GJ.ha™"), higher at the reduced tillage (mean
11.42 GJ.ha™") and the highest at the conventional tillage (mean 11.56 GJ.ha™). We have obtained the most favorable indicators of the energetic
evaluation and carbon dioxide balance at the minimum soil tillage and balanced fertilization with incorporation of remains after harvest.

Key words: winter wheat cultivation, energy efficiency, carbon dioxide fixation, soil tillage, fertilization

Obilniny tvoria kl'i¢ovu skupinu plodin rastlinnej vyroby Sloven-
ska. Osevna plocha obilnin sa v pestovatelskych ro¢nikoch
2004/05 az 2007/08 pohybovala v rozpéti od 739,9 do 819,1 tis.
ha, z toho zastupenie pSenice bolo na urovni od 350,9 do
375,8 tis. ha (Masar a Jamborova, 2009). Europska polnohos-
podarska organizacia COPA a COGECA varuje pred znizenim
produkcie obilnin, pretoZe ceny sa v predchadzajucich dvoch
rokoch zniZili 0 45 %, zatial ¢o vyrobné naklady sa v rokoch
2004 — 2009 zvysili 0 63 % (Jamborova a Masar, 2010). Z toho
ddvodu je opodstatneny vysSi zaujem o hodnotenie efektivnosti
jednotlivych pracovnych operacii v ramci produkéného procesu
pestovania obilnin.

Ekonomicka efektivnost je zloZity jav, ktory mozno hodnotit
celou sustavou ukazovatelov, pri€om zakladnym je zisk. Eko-
nomika vyrobnych odvetvi determinuje celkovy hospodarsky
vysledok podnikatelského subjektu. Pritom ekonomiku vyrob-
nych odvetvi ovplyviiuje mnozZstvo réznych faktorov a vzfahy
medzi nimi. Najd6leZitejSim je vztah medzi vstupmi a vystupmi,
t. j. vztah medzi ndkladmi a cenami polnohospodéarskych ko-
modit, ktory v kone¢nom désledku vplyva na vysku efektu, t. j.
zisku alebo straty (Kubatova a Izakovi¢, 2004). Preto by ekono-
mické hodnotenie nemalo byt jedinou alternativou analyzy pro-
dukéného procesu pestovania polnych plodin. V analyze by
mali maf uplatnenie aj energetické a ekologické aspekty polno-
hospodarskej vyroby (Sandoval, Estrada et al., 2003).

Energeticku rovinu je mozné povaZovat za vSeobecne po-
rovnatelnu zakladriu v§etkych dejov v krajinnom priestore. Po-
znanie vSeobecnych zakonitosti umoZzZfiuje na zéklade
vypocitanych bilancii regulaciu vstupov a vystupov energie
v zhode s prirodnym potencialom zaujmového Uzemia (Vacha-
lové et al., 2004; Véchal et al., 2005). Energetické hodnotenie
je vyznamnym objektivnym meradlom polnohospodarskej vy-
roby zhodnocujicim rozdiely v charaktere vysledného produk-
tu. UmozZniuje tiez porovnavat efektivnost systémov pestovania
bez zavislosti od cenovych vykyvov. Poskytuje novy pohlad na

vyznam a postavenie jednotlivych plodin v Struktire osevnych
postupov a naro€nosti r6znych agrotechnickych zasahov, ¢o
umoZfiuje vyuzitie tychto hladisk pri navrhoch energetickych
racionalizanych opatreni (Pospisil a Vilcek, 2000).

V poslednych dvoch desatro€iach sa stalo Studium obsahu
CO, v atmosfére predmetom celosvetového vyskumu, pretoze
jeho narastajica koncentracia ma vplyv na v3etky zlozky lud-
skej Cinnosti, vratane polnohospodarstva (Juzl, Stfeda a Roz-
novsky, 2005). V priebehu devéafdesiatich rokov minulého
storodia bola €ista bilancia medzi atmosférou a suchozemsky-
mi ekosystémami odhadnuta na urovni 5,1 +2,6 a 6,2 + 1,8 Gt
CO; ro€ne (Houghton et al., 2001). Popri Studiu bilancie ener-
gie v agrosektore, sa viaceri autori zaoberali aj Studiom bilancie
CO, (Risoud and Bochu, 2002; Flessa et al., 2002; Konga et al.,
2003; Sandoval Estrada et al., 2003; Moureaux, Bodson and
Aubinet, 2008; Bochu, Risoud and Mousset, 2008).

Cielom prispevku bolo zhodnotenie pestovania pSenice let-
nej formy ozimnej ( Triticum aestivum L.) pri uplatneni réznych
pestovatelskych technoldgii z hladiska bilancie energie a oxidu
uhli¢itého.

Material a metddy

Polny polyfaktorovy pokus bol rie§eny v rokoch 2000 az 2007
na Experimentélnej bdze SPU Dolna Malanta na pozemku
s p6dnym typom hnedozem kultizemna. Podrobny popis p&d-
nych podmienok danej lokality publikovali Hanes et al. (1993).
P&dny profil ma tri genetické horizonty (Ap, Bt, C), z ktorych je
hlavny luvicky horizont (Bt), ktory vznikol ako désledok iluvial-
nej akumulacie premiestriovanych koloidov, horizonty Ap a C
st hlinité, smerom do hibky flovito-hlinité. Merna hmotnost je
2,60 — 2,63 t.m™. Ornica je mierne utladena s pérovitostou (Pc)
45 — 48%, podornica je utladena s pérovitostou 40 — 42%. Poda
ma vysoku kapilarnu nasiakavost, vysoku retenénu kapacitu,
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Tabulka 1  Poveternostné podmienky pocas pokusného obdobia
Rok (1) Mesiac (2) l. Il. Il V. V. VI VII. VI IX. X. XI. Xl
2000 T(3)v°C - - - - - - - - - 13,2 8,0 2,2
P (4) vmm - - - - - - - - - 28,0 89,0 45,0
2001 T(3)v°C 0,4 2,0 6,0 10,4 17,0 18,0 21,0 23,1 14,8 14,1 39 -5,1
P (4) vmm 23,0 19,0 51,0 20,0 49,0 18,0 72,0 24,0 102,0 8,0 33,0 17,0
2000 T(3)v°C -1,2 3,5 6,3 9,9 17,4 19,6 22,1 20,8 14,9 9,7 8,0 -0,4
P (4) vmm 12,0 36,0 29,0 45,0 62,0 69,0 51,0 90,0 62,0 78,0 42,0 38,0
200 T(3)v°C -1,9 -1,8 5,1 10,7 18,8 21,3 21,2 22,7 15,8 10,1 49 0,5
P (4) vmm 33,0 1,0 2,0 27,0 45,0 7,0 92,0 24,0 16,0 66,0 33,0 24,0
2004 T(3)v°C -3,3 1,6 47 11,7 14,3 17,9 20,0 20,1 14,7 11,7 55 0,8
P (4) vmm 56,0 31,0 53,0 36,0 34,0 94,0 34,0 19,0 35,0 45,0 46,0 27,0
T(3)v°C -0,1 2,7 2,7 11,0 15,2 18,0 20,5 19,1 16,3 10,7 42 0,4
2005 P (4) vmm 31,0 53,0 3,0 79,0 61,0 31,0 59,0 95,0 47,0 12,0 43,0 113,0
2006 T(3)v°C -4,1 -1,6 35 11,4 14,0 19,2 22,6 16,7 16,6 12,2 75 3,2
P (4) vmm 57,0 39,0 35,0 48,0 96,0 64,0 24,0 84,0 13,0 15,0 24,0 8,0
2007 T(3)v°C 4,1 46 79 12,5 17,3 21,2 22,4 21,2 13,7 9,9 - -
P(4) vmm 45,0 35,0 64,0 0,0 102,0 42,0 28,0 113,0 82,0 35,0 - -
Table 1 Weather conditions during experimental season
(1) year, (2) month, (3) average month temperatures, (4) sum of month precipitation
Tabulka 2  Energia hospodarskej tirody p3enice letnej f. ozimnej v jednotlivych ro&nikoch v GJ.ha'
Obrébanie (1) Hnojenie (2) Pestovatelsky rocnik (3)
00/01 01/02 02/03 03/04 04/05 05/06 06/07
0 111,48 85,38 70,74 103,72 110,78 108,49 108,13
PH 65,09 110,96 82,20 118,54 112,54 114,84 106,90
° Pz 106,72 89,43 100,55 116,07 124,19 136,00 103,90
X 94,43 95,26 84,50 112,78 115,84 119,78 106,31
0 94,90 86,79 80,26 114,31 107,07 123,66 92,79
PH 84,14 113,60 75,50 121,72 97,20 125,24 111,66
%2 Pz 94,55 116,07 84,32 123,30 118,01 127,36 119,42
X 91,20 105,49 80,03 119,78 107,43 125,42 107,96
0 99,67 84,67 80,97 122,60 112,01 122,95 89,79
PH 100,72 85,20 85,55 121,19 116,25 113,60 97,02
% Pz 92,08 115,01 89,08 117,84 108,49 130,01 122,07
X 97,49 94,96 85,20 120,54 112,25 122,19 102,96
B1 - konven¢né obrabanie pody, B2 — redukované obrébanie pdody, B3 — minimalne obrdbanie pddy, 0 — variant bez hnojenia (kontrola), PH - raciondlne hnojenie,
PZ - raciondlne hnojenie so zapravenim pozberovych zvySkov, x — priemer
B1-conventional tillage, B2 — reduced tillage, B3 — minimum tillage, 0 — unfertilized treatment (control), PH — balanced fertilization, PZ — balance fertilization + plo-
ughed in after-harvest rests, x— mean
Table 2 Gross energy of yield of winter wheat in respective years in GJ.ha™

(1) soil tillage, (2) fertilization, (3) year

nizsi bod vadnutia (8,0 — 9,0%), ¢o umoZiiuje zadrZiavat dosta-
to€né mnozstvo vody v profile. Obsah humusu v horizonte Ap je
stredny (1,95 —2,28%). Katiénova sorpéna kapacita sa pohybuje
v rozsahu 185 — 257 mmol (p+). kg™ pody. Humusovy horizont
siaha do hibky 0,31 m, pddotvorny substrat je v hibke 0,95 m.

Hodnoty vymennej pddnej reakcie sa pohybovali v rozpati
od 6,52 do 6,55. Obsah pristupnych Zivin (Mehlich 11.) bol nasle-
dujuici: 72 — 85 mg.kg™ P; 345 — 380 mg.kg™ K; 1 700 — 2 300
mg.kg™ Ca a 158 — 205 mg.kg™ Mg.

Uzemie, na ktorom boli pokusy realizované patri do agrokli-
matickej oblasti velmi teplej so sumou priemernych dennych
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teplét vzduchu (TS > 10 °C) za hlavné vegetacné obdobie
3 000 °C a viac. Vysoku teplotnl zabezpecenost (>90%) maju
poloskoré hybridy kukurice na zrno, poloneskoré (75 — 90%)
a neskoré hybridy su zabezpecené na 60 — 70%. Agroklimatic-
k& podoblast je velmi sucha s ukazovatelom zavlaZzenia v let-
nych mesiacoch (Ky, - vy = 150 mm) ¢o zaraduje stanoviste
k najsuchSim. Zasoba vody v pdde na zadiatku jarného obdobia
je 150 — 160 mm. V mesiacoch IV. — V. sa prejavuje deficit
60 —90 mm ako dbsledok zvySovania retenénej bilancie a sytost-
ného doplnku. Agroklimaticky okrsok je s miernou zimou s prie-
mernou hodnotou absolttnych teplotnych minim (Tmin >18 °C).
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Poveternostné podmienky po€as pokusného obdobia su uve-
dené v tabulke 1.

PSenica letna f. ozimna (odroda Bonita) bola pestovana
v ramci nasledovného osevného postupu: datelina li¢na — pSe-
nica letna f. ozimna — hrach siaty — kukurica siata na zrno — jac¢-
men jarny s podsevom dateliny Iu¢ne;j.

Na kazdom hone sme pouZili nasledovné spdsoby obraba-
nia pddy: B-1 — konvenéné obrabanie pddy (hibka do 0,25 m),
B-2 — redukované obrabanie pddy (hibka do 0,18 m) a B-3 — mi-
nimalizadné obrabanie pddy (hibka 0,10 — 0,12 m).

V ramci vyzivy a hnojenia plodin sme uplatnili varianty:
0 — bez hnojenia, PH — racionalne hnojenie (bilanéné) na prie-
mernt Grodovi hladinu (6 t. ha™), PZ — hnojenie priemyselnymi
hnojivami (bilan¢né) + zapravenie pozberovych zvySkov.

Davky dusika boli aplikované formou predsejbového (siran
amonny), regeneracného, produkéného a kvalitativneho hnoje-
nia (LAD). Ziviny P a K boli aplikované zasobnym hnojenim na
jesen, vo forme trojitého superfosfatu a draselnej soli 60 %.

Pre vypocet absorpcie oxidu uhli¢itého v biomase pSenice
ozimnej sme pouZili koeficienty fixacie zistené na oddeleni vyZi-
vy rastlin CEBAS (Centro de Edafologia y Biologia Aplicada del
Segura) (Carvajal, 2010). Kvantifikaciu emisii oxidu uhli¢itého
vznikajucich vo vyrobnom procese sme realizovali podia Well-
sa (2001).
Bilanciu CO, sme vypoditali:

A CO, = emisie CO, - fixdcia CO, v biomase, t.ha” CO;

V bilancii sme nezohladriovali emisie CO; vznikajuce vply-
vom strat organického uhlika z pody.

Pre vypocet energetickej bilancie boli do vstupov dodatko-
vej energie (VDE) zapocitané nasledovné ukazovatele: energia
Zivej prace, fosilna energia, energia aplikovanych chemickych
prostriedkov, energia v strojoch a energia v osive. Kvantifikacia
energetickych vkladov, pouZzité energetické ekvivalenty a sp6-
sob vypoétu a vyjadrenia vystupov energie (EHU) sa uskuto&ni-
li podrla Preiningera (1987).

Z energetickych ukazovatelov sa vypocitali nasledovné:
* energeticky zisk (EZ) EZ = EHU - VDE, GJ.ha™,

Richard POSPISIL, Jozef RZONCA

e koeficient energetickej ticinnosti(KEU) KEU= EHU/ VDE,

® potreba energie na 1 tonu produkcie (PE) PE = VDE/ hos-

podérska troda, GJ.t™".

Dosiahnuté vysledky z rieSenia danej problematiky sme
spracovali matematicko-Statistickymi metédami, za pouZitia
multifaktorovej analyzy rozptylu. Hodnotenie vzajomnych vzta-
hov bolo robené metddami popisanymi v praci Hendela (2004).

Vysledky a diskusia

Pri energetickych bilanciach produk&ného procesu je velmi dé-
leZita kvantifikacia vstupov a vystupov energie, ako aj dalSie
energetické ukazovatele. V sledovanom osevnom postupe,
v priebehu roénikov 2000/2001 aZz 2006/2007, sa hodnoty ener-
gie hospodarskej urody pSenice ozimnej pohybovali v rozpati
o0d 65,09 GJ.ha™" (var. B1PH, roénik 00/01) do 136 GJ.ha™ (var.
B1PZ, ro€nik 05/06). Z aspektu siedmych pestovatelskych ro¢-
nikov sme zaznamenali najvy$si priemerny vystup energie hos-
podarskej urody pri redukovanom obrabani pddy (priemer
(119,78 GJ.ha™"). Porovnatelné tdaje uvadzaju Risoud (1999)
Kotorova et al. (2004). Kotorova (2001) uvadza energeticku
hodnotu Urody pSenice v podmienkach vychodoslovenskej nizi-
ny na Grovni od 98,78 do 137,42 GJ.ha™. Medzi jednotlivymi
spOsobmi obrabania pddy sme nezaznamenali Statisticky preu-
kazné rozdiely. NajvySSie Urody a teda aj vystupy energie sme
zaznamenali pri variante hnojenia priemyselnymi hnojivami so
zapravenim pozberovych zvySkov (PZ). Medzi variantom bez
hnojenia (0) a variantom racionalneho hnojenia (PH) sme ne-
zaznamenali Statisticky vyznamné rozdiely. Nase vysledky ko-
re$ponduju s vysledkami Mistinu a BuSa (2005). Pestovatel'sky
ro¢nik mal Statisticky vysoko preukazny vplyv na vySku vystupy
energie hospodarskej urody pSenice ozimnej. Vyznamny vplyv
pestovatelského ro€nika na formovanie urody zrna p3enice
ozimnej popisuju mnohi autori (Balla a Kotorova, 2003; llIés§,
Karabinova a Megiar, 2004; Migtina a Buo, 2005; Zak, Lehoc-
ka a Gavurnikova, 2006.).

Tabulka 3  Energetickd bilancia pestovania pSenice letnej f. ozimnej priemer rokov 2001 — 2007
Obrabanie Brutto energia hlavného Energeticky zisk (3) Energetickd Potreba energie na t hlavného
a hnojenie (1) produktu (2) v GJ.ha™ v GJ.ha Gginnost (4) produktu (5) v GJ.t1
0 99,83 92,32 13,33 1,38
B PH 101,61 87,67 7,28 2,51
Pz 110,96 97,77 8,51 2,17
X 104,13 92,59 9,71 2,02
0 99,95 92,56 13,55 1,36
i PH 104,15 90,32 7,55 2,43
Pz 111,88 98,86 8,70 2,12
X 105,33 93,91 9,94 1,97
0 101,82 95,16 15,36 1,20
83 PH 102,82 89,58 7,80 2,32
Pz 110,64 98,22 9,08 2,03
X 105,09 94,32 10,75 1,85
B1 —konvenéné obrabanie pody, B2 — redukované obrébanie pody, B3 — minimalne obrébanie pddy, 0 — variant bez hnojenia (kontrola), PH - raciondlne hnojenie,
PZ - racionélne hnojenie so zapravenim pozberovych zvy$kov, x — priemer
B1 - conventional tillage, B2 - reduced tillage, B3 — minimum tillage, 0 — unfertilized treatment (control), PH — balanced fertilization, PZ - balanced fertilization with
ploughed in after — harvest rests, x— mean
Table 3 Energy balance of winter wheat cultivation in GJ.ha™

(1) soil tillage and fertilization, (2) gross energy of yield, (3) energy profit, (4) energy efficiency, (5) energy need for 1t of yield
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Tabulka 4  Emisie oxidu uhliitého v produkénom procese pSenice letnej f. ozimnej v t.ha™.rok™ CO,
Obrébanie (1) Hnojenie (2) Pestovatelsky roénik (3)
00/01 01/02 02/03 03/04 04/05 05/06 06/07
0 337,64 348,12 333,14 533,41 482,25 536,82 475,73
PH 477,75 562,48 572,39 818,26 849,69 879,65 805,48
o Pz 477,75 543,92 572,39 762,79 845,27 762,44 760,79
X 431,04 484,84 492,64 704,82 725,74 726,3 680,67
0 351,98 335,38 320,39 520,67 469,50 524,07 467,50
PH 492,09 549,74 649,98 895,85 836,95 910,08 798,26
% Pz 492,09 346,52 559,64 750,04 832,52 737,18 750,14
X 445,38 410,55 510,00 722,18 712,99 723,78 671,96
0 331,90 278,02 273,24 463,11 411,94 466,51 415,36
PH 472,01 482,19 602,82 838,29 821,56 838,61 752,63
% Pz 472,01 278,97 512,48 692,48 830,65 665,71 704,67
X 425,31 346,39 462,85 664,63 688,05 656,94 624,22
B1 —konven¢né obrabanie pddy, B2 — redukované obrabanie pody, B3 — minimalne obrdbanie pddy, 0 — variant bez hnojenia (kontrola), PH — racionélne hnojenie,
PZ - racionélne hnojenie so zapravenim pozberovych zvy$kov, x — priemer
B1 — conventional tillage, B2 — reduced tillage, B3 — minimum tillage, 0 — unfertilized treatment (control), PH — balanced fertilization, PZ — balanced fertilization +
ploughed in after-harvest rests, x — mean
Table 4 Emissions of carbon dioxide in production process of winter wheat in t.ha™.year CO,

(1) soil tillage, (2) fertilization, (3) year

V §truktdre vstupov energie pri konvenénom sposobe ob-
rabania pddy najvacéSiu €ast tvorili vstupy vo forme hnojiv
(3,78 GJ.ha; 27,91 %), osiv (2,81 GJ.ha'; 26,33 %) a strojov
(2,48 GJ.ha™; 22,89 %). Vstupy energie formou pohonnych
hmét (2,21 GJ.ha™) tvorili 20,46 % z celkovych vstupov do-
datkovej energie. Vstupy energie prostrednictvom pesticidov
(0,17 GJ.ha™") predstavovali 1,61 % z celkovych vstupov do-
datkovej energie a najmensi podiel mala energia vo forme
[udskej prace (0,09 GJ.ha™; 0, 81%). Pri redukovanom obréa-
bani p6dy sme zaznamenali priemerné vstupy energie v roz-
péti od 7,39 GJ.ha™" (variant 0) do 13,82 GJ.ha™ (variant PH).
Pri minimalnom obrabani p6dy sme zaznamenali vstupy do-
datkovej energie v rozpéti od 6,66 GJ.ha™ (variant B30) do
13,24 GJ.ha™ (variant B3PH). V ich $trukttre najvadsiu ast
tvorili vstupy energie vo forme hnojiv (30,19 %), energie osiv

(28,73 %), nasledovali vklady prostrednictvom strojov
B3FZ
B3PH
B30
B2FZ
B2PH
B20
B1PZ
B1PH
B10
22
tha-1 CO2
Obrazok 1 Fixdcia CO, vo fytomase psenice letnej f. ozimnej v t.ha™'.rok™
(B:102— konvenc¢né obrabanie pddy, B2 — redukované obrabanie pody,
B3 — minimdlne obrébanie pddy, 0 — variant bez hnojenia (kontrola),
PH - raciondlne hnojenie, PZ - racionalne hnojenie so zapravenim po-
zberovych zvy$kov
Figure1  Carbon dioxide fixation of winter wheat in t.ha™.year™ CO,

B1 - conventional tillage, B2 — reduced tillage, B3 — minimum tillage,
0 - unfertilized treatment (control), PH — balanced fertilization,
PZ - balanced fertilization + ploughed in after-harvest rests
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(23,19 %) a vklady vo forme pohonnych hmoét (15,01 %). Pes-
ticidy predstavovali 1,75 % z celkovych vstupov dodatkovej
[udskej prace (0,73 %). Redukciou obrabania pddy doslo
k zniZzeniu vstupov energie pri pohonnych hmotéach
0 0,72 GJ.ha™ a pri strojoch 0 0,13 GJ.ha™ oproti konvend-
nému obrabaniu pddy. Struktira foriem dodatkovej energie
bola v podstate zhodné s &lenenim vstupov energie v pracach
Kotorovej (1998, 1999).

V tabulke 3 su uvedené vypocitané ukazovatele energe-
tickej bilancie. Hodnotiac celé pokusné obdobie (ro¢niky
2000/01 —2006/07), méZeme konstatovat, Ze najvyssi energe-
ticky zisk bol dosiahnuty pri minimaliza¢nom obrabani pody
(89,58 — 98,22 GJ.ha™"). Pri redukovanom obrabani pédy sme
zaznamenali priemerné hodnoty energetického zisku na trovni

B3pPZ

B3PH

B30

[ B2PZ

B2PH

ﬂ[

B1PZ

B1PH

[ B10
T T

-21 -20,5 -20 -19,5 -19 -18,5 -18 -17,5

Obrazok 2  Bilancia CO, v produkénom procese pSenice letnej f. ozimnej
v t.ha™.rok™ CO,

B1 — konvenéné obrdbanie pody, B2 — redukované obrdbanie pddy,
B3 — minimélne obrdbanie pddy, 0 — variant bez hnojenia (kontrola),
PH - raciondlne hnojenie, PZ - racionélne hnojenie so zapravenim po-
zberovych zvyskov

Carbon dioxide balance in production process of winter wheat
in t.ha.year" CO,

B1 - conventional tillage, B2 — reduced tillage, B3 — minimum tillage,
0 — unfertilized treatment (control), PH — balanced fertilization, PZ -
balanced fertilization + ploughed in after-harvest rests

Figure 2
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Tabulka 5 Analyza rozptylu ukazovatelov bilancie energie a CO, produkéného procesu p3enice letnej f. ozimnej

Ukazovatel (1) Obrébanie (2) Hnojenie (3) Rocnik (4) Residuum
df. 2 2 6
Brutto energia hl. MS 25,26 1 968,06 5131,13 00417
produktu (5) F 0‘12 9‘64+++ 25‘13+++ ’
Vstupy dodatkovej MS 10,81 788,23 22,41 079
energie (6) F 13,66+++ 996,23+++ 28‘33+++ ’
MS 51,76 1306,14 4 983,59
Energeticky zisk (7) 203,254
F 0,25 6,43" 24,52
Energetickd MS 18,89 761,54 46,17 206
tcinnost (8) F 6,19" 249 54+ 15,13+ ’
Potreba energie na t Ms 0,47 20,57 2,23 »
hlavného produktu (9) F 437 190,71+ 20‘64+++ ’
Fixdcia CO, MS 0,982 76,45 199,35 _
Vo fytomase (10) F 0,12 9’63+++ 25’12+++ ’
. MS 54 202,5 1501910,0 488 618,0
Emisie CO, (11) 29732
F 18,23+ 505,15 164,34
MS 1,23 677,86 183,61
Bilancia CO, (12) 7,94
F 0,16 8,55 23,12

a =0,05; o =0,01; **a = 0,001

Table 5 Analysis of variance of energy and carbon dioxide balance indicators
(1) parameter, (2) soil tillage, (3) fertilization, (4) year, (5) gross energy of yield, (6) inputs of complementary energy, (7) energy profit, (8) energy efficiency,
(9) energy need for 1t of yield, (10) carbon dioxide fixation in phytomass, (11) carbon dioxide emissions, (12) balance of carbon dioxide
Tabulka 6 Mnohondsobny LSD-test (o = 0,05) porovndvania vybranych ukazovatelov bilancie energie a CO, produkéného procesu pSenice letnej
f. ozimnej
Ukazovatel (1) Priemer (2) Homogéna skupina (3) Ukazovatel (1) Priemer (2) Homogéna skupina (3)
B1 104,13 x B1 92,59 x
B2 105,33 x B2 93,91 x
Brutto energia B3 105,09 x Energeticky B3 9432 M
hl. produktu zisk v GJ.ha
v GJ.ha™ (4) 0 100,53 x (7) 0 93,34 x x
PH 102,86 x PH 89,19 x
Pz 111,16 Pz 98,28 x
B1 11,55 x B1 606,58 x
B2 11,42 x B2 599,55 x
Vstupy
dodatkovej B3 1077 o Emisie CO, B3 952,63 *
energie 0 719 x vtha' (8) 0 413,18 x
v GJ.ha™ (5)
PH 13,67 x PH 709,85 x
Pz 12,88 x Pz 635,74 x
B1 2,02 x B1 19,92 x
Potreba B2 1,97 x B2 20,16 x
energie na B3 1,85 x Hanci B3 20,16 x
t hlavného El':ahnaq:a(g)oz
produktu 0 1,31 x : 0 19,40 x
VG (6) PH 2,42 < PH 19,57 .
Pz 2,11 x PZ 21,28 x
Table 6 Multiple LSD-test comparing the parameters of energy and carbon dioxide balance of winter wheat production process

(1) parameter, (2) mean, (3) homogenous group, (4) gross energy of yield, (5) inputs of complementary energy, (6) energy need for 1 t of yield, (7) energy profit,

(8) carbon dioxide emissions, (9) balance of carbon dioxide

49




Richard POSPISIL, Jozef RZONCA

od 90,32 do 98,86 GJ.ha™'. Najnizsie priemerné hodnoty ener-
getického zisku sme zaznamenali pri konvenénom obrabani
pddy (87,67 — 97,77 GJ.ha™). Rovnaku tendenciu sme zazna-
menali aj pri ostatnych ukazovateloch energetickej bilancie.
Tieto rozdiely neboli Statisticky preukazné.

Spdsob vyzivy a hnojenia bol vyznamnejSim faktorom, kto-
ry ovplyviioval ukazovatele energetickej bilancie. Vysledky
vplyvu vyZivy a hnojenia na ukazovatele energetickej bilancie
uvadzame v tabulke 6.

S energetickou naroénostou produkéného procesu, ako aj
so Strukturou vstupov energie, je Uzko spata problematika emi-
sii CO,. Prehlad priemernych hodnét bilancie CO, za sledova-
né obdobie uvadzame v tabulke 4 a obrazku 1 a 2. Pri
konvenénom obrabani poédy sme kvantifikovali emisie CO,
v rozpéti od 333,14 kg.ha™ CO, (B10 roénik 02/03) do 879,65
kg.ha™ CO, (B1PH roé&nik 05/06). Pri redukovanom obrabani
pddy sa emisie CO, pohybovali v rozpéti od 320,39 kg.ha™ CO,
(B20 roénik 02/03) do 910,08 kg.ha™' CO, (B2PH roénik 05/08).
Uplatnenie minimalneho obrabania pédy, v porovnani s kon-
venénym obrabanim p6dy, znamenalo redukciu emisii v prie-
mere o 8,89 % (60,84 kg.ha'1 CO,). Rovnaku tendenciu
poklesu emisie CO, uvadzaju aj West a Marland (2002). Celko-
vé ro¢né straty organického uhlika kvantifikované podla Jur€o-
vej a Bieleka (1997) dosahovali hodnotu 2,81 tha™ C, &o
zodpoveda 10,3 t.ha™ CO,. Vo vyslednej bilancii sme v&ak ne-
zohladfiovali emisie CO, vynikajlce vplyvom strat organického
uhlika z pbdy.

Fixaciu CO, v biomase pSenice ozimnej pri konvenénom
obrabani pddy zistil Jizl (2005) v rozpéti od 22,37 t.ha™ CO,
(v zemiakarskej vyrobnej oblasti) do v 23,07 t.ha™ CO (v repar-
skej vyrobnej oblasti). V nasich podmienkach sme kvantifikova-
li priemernu ro¢nu fixaciu CO, vo fytomase na drovni 20,53
t.ha™ CO,, pri konvendnom spdsobe obrabania pody, pri redu-
kovanom sp6sobe obrabania pody 20,76 t.ha™ CO,, a pri mini-
méalnom spdsobe obrabania pody 20,72 t.ha' CO,. Rdzne
spbsoby obrabania pddy nemali Statisticky preukazny vplyv na
mnozstvo fixovaného CO, vo fytomase. Na zvySenie fixacie
CO,, vo fytomase Statisticky vyznamne vplyval pestovatelsky
ro¢nik a uplatnenie racionalneho hnojenia so zapravenim po-
zberovych zvyskov. Rovnaku tendenciu vplyvu roénika, ako aj
agrotechnickych operacii popisuju Moureaux, Debacq, Hoyaux
et al. (2008).

Zaver

Na zéklade nasich vysledkov mbéZeme konstatovat:

e pri pSenici letnej f. ozimnej v podmienkach hnedozeme kulti-
zemnej bola energeticka Uc€innost jednoznaéne v prospech
vystupov energie,

¢ v jednotlivych rokoch boli hodnoty energetického vystupu
a fixacie CO,, vo fytomase pSenice ozimnej zna¢ne varia-
bilné,

¢ rbzne systémy obrabania pody vyznamne vplyvaju na spot-
rebu energie fosilnych paliv,

e vplyvom minimalneho obrabania pody dos$lo k zniZeniu
energetickej naro€nosti produkéného procesu a zniZeniu
emisii CO, 0 8,89%,

¢ hnojenie vplyvalo na pozitivnu bilanciu CO,,

e minimalizagné spOsoby obrabania pédy umoziuju uspory
v spotrebe neobnovitelnej energie a zvySuju energeticku
efektivnost produkéného procesu pestovanych plodin,

e uplatnenie racionalneho hnojenia priemyselnymi hnojivami
so zapravenim pozberovych zvyskov vedie k posunu bilan-
cie CO, v smere zvySenia fixacie pred emisiami.
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Sithrn

Cielom tejto prace bolo hodnotenie bilancie energie a emisie
oxidu uhli¢itého pri uplatneni réznych technologii pestovania
pSenice letnej formy ozimnej ( Triticum aestivumL.). Polny poly-
faktorovy pokus bol rieSeny v rokoch 2000 az 2007 na Experi-
mentdalnej baze SPU Dolnd Malanta. Sledovania prebiehali
v prirodzenych podmienkach s uplatnenim nasledujtcich sp6-
sobov obrdbania pbédy: konvenéné, redukované a minimalne.
V ramci jednotlivych spdsobov obrabania pddy sme pouzili na-
sledovné spdsoby vyzivy a hnojenia porastu: bez hnojenia
(kontrola), racionalne hnojenie na priemernu trodovu hladinu
a racionalne hnojenie na priemernt trodovu hladinu so zapra-
venim pozberovych zvySkov. Pri pSenici letnej f. ozimnej v pod-
mienkach hnedozeme kultizemnej bola energeticka bilancia
jednoznacne v prospech vystupov energie. Bilancia oxidu uhli-
zaznamenané pri minimalnom obrabani pody (10,77 GJ.ha™),
vysSie boli pri redukovanom spdsobe obrabania pody (11,42
GJ.ha™) a najvyssie pri konvenénom spésobe obrabania pody
(11,56 GJ.ha™"). Najpriaznivej$ie ukazovatele energetickej bi-
lancie, ako aj bilancie emisii oxidu uhli¢itého sme zaznamenali
pri minimalnom spdsobe obrabania pédy a racionalnom hno-
jeni na priemernu urodovu hladinu so zapravenim pozberovych
zvy8kov.

Klicové slova: pestovanie pSenice, energeticka uginnost, fi-
xdacia oxidu uhli¢itého, obrabanie, hnojenie
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EVALUATION OF SEX INFLUENCE ON PARAMETERS OF CARCASS VALUE
AT CATTLE HIGHER NUTRITION LEVEL

HODNOCENI VLIVU POHLAVI NA UKAZATELE JATECNE HODNOTY SKOTU
PRI VYSSI UROVNI VYZIVY
Marek BJELKA," Jan SUBRT,? Jiii BEZDICEK,® Jarmila VORISKOVA,* Radek FILIPCIK?
IMPULS, Breeding cooperative, Bohdalec, Czech republic’
Mendel Univerzity in Brno, Czech republic®

Research Institute for Cattle Breeding, Ltd., Rapotin, Czech republic®
Univerzity of South Bohemia, Ceské Budg&jovice, Czech republic?

The quality of carcass of beef breed heifers and crossbreds with beef breed is in most cases comparable to the quality of bull carcass.
Therefore, it is necessary to encourage the breeders to produce (rear) heifers in the above mentioned combinations so as to increase the
quality of beef carcasses for meat industry in the Czech Republic. The crossbred of Holstein and Charolais races — one sire of both — was
chosen for the experiment. Using a uniform methodology, we monitored 22 animals, slaughtered and evaluated in two slaughterhouses.
After cooling them off, cutting was carried out according to the Czech standard 46 61 20. The carcass quality was classified according to the
SEUROP system. Meat of the 1*' class and 2nd class, bones and separable fat were distinguished. The evaluation of slaughter age and sex
did not reveal any statistically significant difference. Nevertheless, highly significant difference between groups of bulls and heifers was
detected in weight of kidney-pelvic fat (+4.29 kg of heifers), hides weight (+14.55 kg of bulls), carcass body weight (+87.37 kg of bulls).

Key words: crossbred, heifers, bulls, fattening level, carcass, quality of carcass, SEUROP

There can be expected an increased ratio of carcass heifer
from suckling cow system at the slaughtering of cattle due to
limitation and quota system in the production at cattle rearing
following the EU regulations (Frick et al, 2002). The increase in
milk production by dairy farming (Czech Simmental and
Holstein) runs to increase of the herd turnover and thereby to
increase in meat production from cow and decrease in carcass
heifer's share from this rearing system and total decrease in
number of dairy cows under 400 000 heads of cattle in the
Czech Republic.

Consumers’ increasing demands on the quality of meat
result in the necessity of improving the quality of carcass for
next processing. The intensity of fattening, animal category and
time period of fattening have a significant impact on the quality
of carcass and meat (Augustini et al., 1992b, Steinwidder et al.,
1996, Schwarz et al., 1998, Jurie et al. 2005).

However, the carcass value of selected dairy cows is very
low. At the same time, the proportion of second quality meat
and meat for meat industry is higher than that in the animals
from beef production crossbreeding programs.

In many cases, the carcass quality of beef breed heifers and
crossbreeds with beef breeds (Charolais, Limousine, Belgian
Blue, Piemontese, Beef Simmental, and Blonde d’Aquitaine) is
comparable to the quality of bull carcasses. The majority of
Czech authors (Barton, 1995; Subrt, 1994; Polach, 2002) deal
with the assessment of selected parameters of carcass value of
bulls’ crosses of Charolais and Czech pied breed or Holstein
breed. Nowadays, rearing calves are being exported on a large
scale and also significance of heifer carcass value is increasing.
Therefore, the breeders should be encouraged to let the heifers
in the above-mentioned combinations of breeds fatten to higher
weight. This would result in increasing the quality of meat for
meat industry in the Czech Republic.
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Due to the fact that beef meat from heifers is preferred by
consumers in many European countries (Germany, ltaly, etc.),
we compared the results of fattening and meat efficiency basic
analyses performed on bulls and heifers. The aim of the
supposed work was to set the differences between the sexes
on chosen characteristics in maternal population of Holstein
and Charolais crosses, as the most widespread dairy and beef
cattle in the Czech Republic. The crossbreds of F1 generation
of a sire were chosen to be evaluated. A bull was selected to
eliminate the influence of variability in meat efficiency
characteristic between the groups which affects the results
value in case of using more sires of a particular breed.

Materials and methods

In our experiment, twenty-two animals (11 heifers, 11 bulls),
crossbreds with Charolais (T) (by one sire) were monitored.
The animals were reared with the cows in the suckling cow
system and they were weaned at the average age of 265 days.
The animals were from the same farm from the Olomouc
region, and there they were fattened to the age of 500 days.
Then, they were transferred to intensive fattening, divided in
two groups according to their sex and fattened up to the age of
479.64 days (min. 443 days, max. 537 days).

Fattened animals were reared in the free housing system
with deep litter in the boxes. The feeding ratio was modified to
the average daily gain of bulls (1.1 kg per head of cattle a day)
according to the standard (Sommer et al., 1994). Feed ratio for
all animals in the experiment was fattened in form of TMR (total
mixed ration). The basis of the feed ratio was maize silage with
a higher proportion of dry matter (37%). The content of NS
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(nitrogen substance) was 75 g per 1 kg of dry matter and 6.23
MJ NEF (netto energy of fattening), which made up to 70% of
DM (dry matters) of the feed ration. Five percent of DM in the
feed ration comprising lucerne hay was represented.
Concentrate feeds in the mixture based on cereal feeds and
pressing rapeseeds composed TMR 25% total DM of feed ratio.
Both groups were fed ad libitum once per day and with the
following heaping up. Mineral components and vitamins were
dosed 40 g per 100 kg of live weight of the animal.
Slaughtering of animals and the classification of carcass
were carried out at two slaughterhouses according to the
integrated method of the SEUROP system (Bartori et al., 2001).
The particular classification classes of conformation were
assigned the marks at the conversion on numeric code (S — 6;
P — 1). These carcasses were dissected after cooling down
(24 hours) according to the Czech 46 61 20 state norm. The
obtained parts of carcass were classified into 5 groups (meat of
first and second quality, meat for the meat industry, bones and
separable fat). The acquired data were statistically analyzed
and the program UNISTAT 4.53 tested the final differences.

Results and discussion

The animals were weaned at the average age of 270 days. No
statistically significant differences were found between the
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groups of bulls and heifers on the level of 95% (Table 1). When
slaughtered, there was no significant difference in the age of
both sexes (on average: bulls — 489.36 days; heifers — 469.91
days), with respect to the usual values for slaughtering animals
with higher level of energy supply as Augustini et al. (1992a)
mentions it.

Differences at the feed conversion and feed intake of DM
had a stronger manifestation in the average daily live gain.
Compared to the heifer group, the bull group reached
(P <0.001) a gain higher by 244.8 g per head a day (Table 2). In
their studies, Augustini et al. (1992a) found out (225 g) and
Kégel et al. (2000) (279 g) came to found out similar differences
in average daily weight gain. Steinwidder (2002) found out the
difference of 391g. However, more than double variability in the
average daily netto gain (V= 14.2%) was found in the bull group
than in the heifer group (V = 6.34%).

No significant statistical differences were detected during
the classification of carcasses of both evaluated groups. Both
groups had the range between U and R classes in the
classification (average value of bulls = 3.27 and heifers = 3.00).
Kogel et al. (1998) achieved similar results in their experiments
with heifers. The carcass conformation of the heifer carcasses
was evaluated in the average class 2.74 at the evaluation of
carcass in 5 class scale EUROP (E —5; P —1). Carcasses of H
breed bulls were classified on average by 4.7 at an inverse
scale (S —1to P —5) from our evaluation in the study of Barton

Table 1 Average age of animal at weaning / at slaughter
Indicator (1) n X Sx V% Significance of differences (2)
Weaning age in day — total (3) 22 269.73 18.19 6.74 ns
Bulls (4) 11 268.64 13.87 5.16 -
Heifers (5) 11 270.82 22.36 8.26 -
Slaughter age in day — total (6) 22 479.64 25.63 5.34 ns
Bulls (4) 11 489.36 20.19 413 -
Heifers (5) 11 469.91 27.64 5.90 -

P<0.05="*;P<0.01 =** P<0.001="**
Tabulka 1 Pramérny vék zvitat do odstavu / do pordzky
(1) ukazatel, (2) vyznamnost rozdilu, (3) vék pfi odstavu — celkem, (4) byci, (5) jalovice, (6) v&k pfed pordZkou

Table 2 Daily weight gain and carcass classification
Indicator (1) n X Sy V% Significance of differences (2)
Daily weight gain in g — total (3) 22 1033 147.01 14.2 e
Bulls (4) 11 1155 72.36 6.26 -
Heifers (5) 11 910 84.77 9.31 -
Netto weight gain in g — total (6) 22 577 89.62 15.54 e
Bulls (4) 11 654 40.77 6.23 -
Heifers (5) 11 500 46.02 9.21 -
SEUROP points meatiness — total (7) 22 3.14 0.35 11.20 ns
Bulls (4) 11 3.27 0.47 14.30 -
Heifers (5) 11 3.00 0.00 0.00 -
SEUROP class of fatness — total (8) 22 2.82 0.50 17.78 ns
Bulls (4) 11 3.00 0.00 0.00 -
Heifers (5) 11 2.64 0.67 25.57 -

Carcass conformation (points) / konformace jatecného téla (body): S=6-P=1.P <0.05=*; P <0.01 = **; P<0.001 = ***

Tabulka 2  Denni pfirastek a klasifikace jate¢ného téla

(1) ukazatel, (2) vyznamnost rozdilu, (3) dennf pfiristek hmotnostiv g, (4) byci, (5) jalovice, (6) netto pfirastek v g, (7) SEUROP tfida zmasilosti, (8) SEUROP tida

protuénéni
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et al. (2003). Frick et al. (2002) used the same system of
classification in their experiment. They found out average
conformation class 3.1 of bulls and 2.9 of heifers. Similar
results of carcasses classification of crossbred bulls (Czech
pied cattle (C) x Charolais (T)) found out Polach et al. (2002). In
this case, the average carcass weight was similar to our results
(346 kg). Cuboni et al. (2000) achieved similar results in their
experiments with heifers when evaluating conformation of
crossbred heifers, which corresponds to our results. The
conformation of carcass heifer was evaluated in the average
class 2.95 at the evaluation of carcass in the 5-class EUROP
scale (E —5; P — 1) of bulls was evaluated in the average class
3.4, which corresponds to our results. Small differences, which
were not statistically significant, were found out in carcass fat
classification (score 2.64 in the bulls and 3.00 in the heifers).
Classification of carcass fatness was comparable to that of
heifers (2.66) evaluated by Kégel et al. (1998). In the Frick et al.
(2002) experiment, average bull carcass was evaluated in the
fat class 2.00 and in the heifers 2.90. The evaluation of heifer
carcass fatness was growing (3.6 marks) with the increasing
slaughter weight. The classification of carcass fatness was
comparable to heifers and bulls by Cubori et al. (2000).
Similarly, the majority of carcasses in our experiment was
classified in class 2 and 3.
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High (P <0.001) differences between heifers and bulls were
found out at the carcass weight (339.72 kg of bulls and
252.35 kg of heifers). Analogous results of evaluation of
carcass weight differences between males and females were
published by Frick et al. (2002) — 351.6 kg of bulls and 268.3 kg
of heifers and by Kogel et al. (1998) in their experiments with
heifers — 240.9 kg. Papstein et al. (1999) achieved average
weight of carcasses 369.8 kg and 267.4 kg (bulls and heifers,
respectively), but animals were slaughtered older (+ 60 — 80
days). Cubori et al. (2000) observed the differences between
classification classes of conformation according to EUROP,
this division of carcasses was comparable to the results of our
experiment (E —322.6 kg, O —274.09 kg by bulls; E —252.5 kg,
P —221.0 kg by heifers).

We observed the vyield of kidney and pelvic fat as
a parameter related to optimal nutrition of animals and weight of
skin considering nobility and finesses exterior of animals during
the carcass treatment. Significant differences (P <0.05) were
detected in kidney and pelvic fat weight (18.1 kg of heifers;
13.81 kg of bulls) and also (P < 0.001) in skin weight (51.28kg in
bulls; 36.73 kg in heifers). The content of kidney and pelvic fat
in crossbred bulls (Fleckvieh x Charolais) was 2.36% in the
experiment of Kbégel et al. (2000). It was similar to our results.
However, their results in the case of heifers were considerably

lower (2.86% respective 3.8%). Significant statistical
Table 3 Carcass indicators (cutting yield)
Trait (1) n X Sx V% Significance of differences (2)
Carcass weight in kg — total (3) 22 296 48.54 16.40 e
Bulls (4) 11 340 18.93 5.57 -
Heifers (5) 11 252 19.75 7.83 -
Kidne y end pelvic fat in % — total (6) 22 3.06 1.03 33.67 e
Bulls (4) 11 2.30 0.50 22.40 -
Heifers (5) 11 3.80 0.80 20.51 -
Meat I. Class in % — total (7)7 22 28.06 217 7.70 -
Bulls (4) 11 27.66 1.46 5.30 -
Heifers (5) 11 28.47 2.72 9.56 -
Meat 1. Class in % — total (8) 22 32.07 1.53 4.80 ns
Bulls (4) 11 32.16 1.02 3.20 -
Heifers (5) 11 31.99 1.96 6.11 -
Trimmed meat in % — total (9) 22 15.61 2.40 15.30 ns
Bulls (4) 11 15.94 1.26 7.90 -
Heifers (5) 11 15.29 3.20 20.93 -
Meat in % — total (10) 22 75.75 1.25 1.65 ns
Bulls (4) 11 75.76 0.92 1.22 -
Heifers (5) 11 75.75 1.56 2.06 -
Bones in % — total (11) 22 21.34 1.38 6.48 e
Bulls (4) 11 22.11 0.95 4.31 -
Heifers (5) 11 20.56 1.34 6.50 -
Separable fat in % — total (12) 22 2.91 1.23 42.22 e
Bulls (4) 11 213 0.62 29.32 -
Heifers (5) 11 3.69 1.20 32.42 -
P<0.05="*;P<0.01 =** P<0.001="**
Tabulka 3  Vlastnosti jatecného téla (bourdrenska vytéznost)

(1) ukazatel, (2) vyznamnost rozdilt, (3) hmotnost jateného téla, (4) byci, (5) jalovice, (6) ledvinovy a panevni ltj (7) maso I. tfidy, (8) maso II. tfidy, (9) ofez masa,

(10) maso celkem, (11) kosti celkem, (12) oddélitelny tuk celkem

L7
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differences (P <0.01) were detected between heifers and bulls
in the percentual content of kidney and pelvic fat. Weight of
kidney and pelvic fat in our results is related to mean class 3 for
fatness classification and is about 5.98 kg higher in bulls and
about 8.28 kg in heifers than the results of Cuboii et al. (2000)
and about 3.9 kg higher in bulls (C, H x T) with similar carcass
weight (346 kg) in the experiment of VofiSkova et al. (1998) in
the age of 500 days.

We did not discover any statistical differences between
groups in the dressing percentage of meat and in the first and
second quality meat as well as in trimmed meat. After
technological dissection of carcass (Table 3), there were no
significant differences in both groups in the total ratio of meat
(75.76% of bulls; 75.75% of heifers). Bartori et al. (2003)
indicated a higher content of meat (76.1%) at carcasses of
Holstein bulls. Our results were statistically significant
compared to Augustini et al., (1992b), Frick et al. (2002). They
found out lower part of muscle of carcass weight (60.9 — 61.9%
of heifers, 65.8 — 69.7% of bulls) and significant differences in
ratio of the total amount of meat between bulls and heifers.
Papstein et al. (1999) evaluated the content of meat with fat in
the carcasses. Their results were higher than ours (83.5% of
bulls and 82.8% of heifers). We found out that the content of
(the 1% quality) meat in half carcass was 27.66%, compared to
the grade of Mlynek et al. (1999) in H and crossbreds H x CH,
BA a L that was about 0.54% lower, conversely in heifers about
1.37% higher (28,47%). Animals were slaughtered in the live
weight 528.8 —603.3 kg in bulls and 460.1 — 509.8 kg in heifers
which is comparable to the weight of animals in our experiment.
Contrary to our results, the differences were by bigger
a detailed cutting repair of carcass. Yield of bones and
connective tissues was significantly higher in the bulls than in
the heifers (22.11% vs. 20.56%) and it is in the opposite relation
to the results of Augustini et al. (1992b) and Frick et al. (2002).
In the work of Bartori et al. (2003), the yield of bones was
determined at the level 20.04% in bulls, which corresponds to
the results of 19.53% of bones in carcass of crossbred bulls
with Charolais in the work of VofiSkova et al. (1998). A lower
bone proportion in carcasses of crosses mentions Cuboi et al.
(2000) in bulls according to EUROP beef conformation classes
and differences marked from 15.97% (E) to 18.35% (O) in bulls
and from 14.77% (E) to 18.66% (P) in heifers. The fat
proportion of carcass weight was at the average 2.91%. The
separable fat partook in carcass weight of bulls 2.13% and in
the heifers 3.69%. The differences between these values were
highly significant (P <0.01). Higher separable fat proportion in
carcasses of crosses mentions Cuboii et al. (2000) in bulls
according to SEUROP fat grading classes with differences from
2.78% (1% class) to 8.96% (5™ class) in bulls and from 2.61%
(1% class) to 11.99% (5th class) in heifers; and Vofigkova et al.
(1998) describes this phenomenon in bulls in the average class
3 (5.16%).

The relation between acquired meat (all classes) and
bones weight appears to be an important parameter for
assigning animal carcass value. Significant differences for
groups of heifer (3.70 in heifers; 3.43 in bulls) in this parameter
were found out in our results. It shows that the bulls do not
reach the required slaughtering age. VofiSkova et al. (1998)
found out that the meat: bones ratio was higher by about 0.45 in
bulls of the same breed combination.

Conclusion

The results of the experiment indicate that carcass values of
beef type heifers from the point of the beef dressing percentage
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is comparable to the carcass value of slaughtered bulls with the
same genotype in the higher fattening conditions. The
increased separable fat content in heifers can be
a presupposition to higher intramuscular fat content and also to
better meat brittleness parameters in heifers during cooking.
Considering insignificant differences in beef content of the 1°
and 2" quality and meat processing between carcass weight of
heifers and bulls with the same genotype and the same
breeding male (Charolais), it is necessary to emphasize that
there are possibilities of heifers fattening up to the carcass
weight 500 kg and to the age of 500 days.

Souhrn

Kvalita téla porazenych jalovic a kfizenct byvéa podle zpracova-
teld ve vétSiné pfipadl srovnatelna s kvalitou jateCnych tél
byku. Proto je tfeba motivovat chovatele k tomu, aby produko-
vali i jate€né jalovice se zvySenou kvalitou jate€nych tél. V pro-
vedeném pokuse byla vyuzita kombinace kfiZeni holStynského
plemene (matefska pozice) a charolaiského plemene (otcov-
ské pozice) po jednom plemenikovi. Pouzili jsme jednotnou
metodiku pro analyzy a monitorovali rdst a masnou uzitkovost
22 zvitat, poraZzenych a hodnocenych na dvou porazkovych
mistech. Po vychlazeni jateCnych tél byla provedena jejich
technologicka disekce podle CSN 46 61 20. Kvalita jatetnd
upravenych tél porazenych zvifat byla klasifikovana podle sys-
tému SEUROP a maso bylo rozdéleno na maso prvni a druhé
jakostni tfidy, kosti a oddélitelny tuk. Hodnoceni vlivu véku a po-
hlavi jate€nych zvitat u vétSiny ukazatell neodhalilo vyz-
namnéjsi, statisticky prukazné rozdily. Nicméné, vysoce
prikazny rozdil mezi skupinami byk( a jalovic byl stanoveny
v hmotnosti ledvinového a panevniho loje (+4.29 kg u jalovic),
hmotnosti kiize (+14.55 kg u bykud) a hmotnosti jate¢ného téla
(+87.37 kg u byku).

Klicova slova: kfizenci, jalovice, byci, uroven vykrmu, kvalita
jate€ného téla, SEUROP
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