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GENETIC VARIABILITY AFTER INTERSPECIFIC
HYBRIDIZATION IN THE GENUS WEIGELA THUNB.
AND ITS USE FOR BREEDING

GENETICKA PROMENLIVOST PO MEZIDRUHOVE HYBRIDIZACI
U RODU WEIGELA THUNB. A JEJI VYUZITi VE SLECHTEN{

V. Benetka

Silva Tarouca Research Institute for Landscape and Ornamental Gardening, Prithonice,
Czech Republic

ABSTRACT: Four seedlings of F, generation were produced by interspecific hybridization of Weigela florida and
cv. ‘Eva Rathke’ (W. coraeensis Thunb. x W. floribunda C. A. Meyer); their open pollination yielded F, generation
(189 plants). Variability of these traits was investigated in both generations: plant height; flower color; flower abundance
and frosthardiness. To determine the trait variability, clones derived from F, generation seedlings were compared be-
tween each other, and parental genotypes were compared with F, and F, generation. The expression of flower color and
plant height in F, generation was at an intermediary level, matrocliny was expressed in earliness of flowering and frost-
hardiness. Heterosis was expressed in flower abundance. Variability of all traits increased in F, generation. Variability of
plant height exceeded the value of both parental genotypes. Low plants were significant (16.5%). In the trait flower col-
or, genotypes with bright pink color, different from parental genotypes, were produced by segregation (3%). A wider
range of variability was determined in frosthardiness, but only towards lower tolerance since the preceding generation
was highly tolerant. The effect of maternal genotype was dominant in plant height, frosthardiness and flower color. In
breeding terms, stunted shrub (height about 0.6 m) with dense compact habit was the most important recombination se-
lected in F, generation. The carrier of this recombination (clone 2/26) was a reliable genetic resource to confer dwarf-
ness habit. Genetic analysis of this trait has not been made.

Weigela; interspecific hybridization; variability in F, and F; generation; dwarfness habit

ABSTRAKT: Po mezidruhové hybridizaci druhu Weigela florida a odridy ‘Eva Rathke’ (W. coraeensis Thunb. x W,
floribunda C. A. Meyer) byly ziskény &tyfi semenade F, generace a po jejich samospraSeni byla ziskéna i F, generace
(189 jedinci). V obou generacich byla sledovéna proménlivost téchto znakl: vyska rostliny, barva kvétu, mnozstvi kvéti
a mrazuvzdornost. Tato proménlivost byla porovnavana mezi klony odvozenymi od semenadi F, generace navzijem
a mezi rodi¢ovskymi genotypy a F, a F, generaci. V F, generaci znaky barva kvétu a vy3ka rostliny mély intermedialni
projev, u znakl ranost kveteni a mrazuvzdornost se projevila matroklinita. U znaku mnoZstvi kvéti se projevil heterozni
efekt. V F, generaci se zvysila proménlivost u viech sledovanych znakd. Variabilita znaku vyska rostliny ptesahla
hodnotu obou rodi¢ovskych genotypii. Vyznamné byly nizké rostliny (16,5 %). U znaku barva kvétu se vystépily
genotypy s jasnou riizovou barvou (3 %), odli¥né od rodi¢ovskych genotypl. U znaku mrazuvzdornost bylo moZné
pozorovat roziifeni variability pouze ve sméru niZ3i odolnosti vzhledem k vysoké odolnosti pfedchozi generace. U znaki
vyska rostliny, mrazuvzdornost i barva kvétu pfevladl vliv matefského genotypu. Z hlediska $lechtitelského nejvy-
znamné&j§i rekombinaci, vybranou v F, generaci, byl zakrsly rist (vy3ka okolo 0,6 m) spojeny s hustym kompaktnim
habitem. Jedinec, nesouci tuto rekombinaci (klon 2/26), byl spolehlivym genetickym zdrojem pro pfenos zakrslého ristu.
Geneticka analyza tohoto znaku nebyla provedena.

Weigela; mezidruhova hybridizace; variabilita v F, a F, generaci; zakrsly habitus

INTRODUCTION (Svejda, 1984, 1986; Nekolova, 1998) and to diseases,
and to produce new colors and new plant habit (Egolf,

Interspecific hybridization as a breeding method is  1987a,b,c).
also used in woody ornamentals, The goal of these If distant hybridization is used, F, generation can pos-
breeding programs is to impart higher tolerance to cold  sess some characteristics such as intermediary expres-
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sion of the progeny, expression of matrocliny or
patrocliny and trait segregation in this generation
(8vetepové, 1969). It is so that every interspecific cross
is a polyhybrid with a high number of alleles in which
the cytological constitution can be complicated due to
large heterogeneity of parental components. It is also
interesting that dwarfness forms can be produced by in-
terspecific hybridization (Svefepova, 1969).

Selection in F, generation is regularly used for breed-
ing of vegetatively propagated plants including woody
ornamentals. It follows from heterozygosis of parent
components, from a chance to maintain the heterozy-
gous constitution of desirable traits, from F, hybrid ste-
rility or a long juvenile period of some woody plants.
High genetic variability can be expected in F, genera-
tion, accompanied by new combinations of traits and
expansion of the size of hybrid population subject to
selection.

The objective of this paper is to compare genetic vari-
ability in F, and F, generations after interspecific hy-

about 0.6 m and shrub width 1 m. The shrub is dense,
with short and numerous shoots (hill-like shape). Flow-
ers are pink purple in color.

Breeding material was analyzed, therefore solely one-
year plants (seedlings) were evaluated. Two groups
were investigated: progeny from open pollination of
clone 2/26 and backcross progeny.

Two sib genotypes from the 2/26 x ‘Eva Rathke’
cross were used as maternal plants for backcross. One
maternal component had a low compact habit and dark
pink flowers. The other maternal component was low,
with less compact shrub; flowers were of darker, pink-
purple color. Clone 2/26 and cv. ‘Eva Rathke’ were
used as paternal components. The trait plant height was
determined in the course of plant selection for breeding
purposes by classification of all plants to three height
groups.

Frosthardiness was determined after the winters 1981/
82 and 1982/83 (F, generation) and 1985/86 (F, gen-
eration). The temperatures are indicated in a table:

bridization in the genus Weigela and to describe

inheritance of a new source of dwarfness growth 1 I L

produced inF, generation. Average (Minimum | Average |Minimum | Average (Minimum
1982 | 4.9 -21.6 -1.0 -10.0 4.6 -35
1983 | 37 4.0 26 -18.0 4.8 4.0

MATERIAL AND METHODS 1986 [ 0.0 —130 | -71 210 | 37 -13.0

Weigela florida (Bg.) A.DC., cv. ‘Venusta’, and
Weigela cv. ‘Eva Rathke’ were used for interspecific
hybridization. The cultivar ‘Eva Rathke’ was produced
by interspecific hybridization of W. coraeensis Thunb.
x W. floribunda C.A. Meyer (Rehder, 1958).

Interspecific hybridization was carried out by Prof.
J. Scholz, who gave us seedlings for further breeding.

Four seedlings of F, generation (SCH 1-4) were pro-
duced by interspecific hybridization. The seedlings
were propagated vegetatively by ten individuals to-
gether with parental genotypes, and planted in spring
1981. These traits were evaluated for two years: plant
height; frosthardiness; time of flowering; flower color
and flower abundance. The trait plant height was esti-
mated by a comparison of the height of clones to the
height of parental components. Flower abundance was
determined visually as a percent of the shrub area cov-
ered with flowers. Several flowers were isolated on
each clone in the second year, and seeds were produced
by self-pollination.

Harvested seeds of F, generation were planted in
1984 and a total of 189 seedlings were produced. Fol-
lowing the visual evaluation, 109 plants were selected
for further growing, 103 and/or 105 plants were evalu-
ated. F, generation was cultivated for five years. The
evaluated traits were plant height; flower color; plant
habit and frosthardiness.

Inheritance of the trait dwarfness growth was ana-
lyzed in clone 2/26, a genetic resource of this trait.
Clone 2/26 was selected in F, generation from the
above mentioned crossing. Shrub height of this clone is

122

Flower color was determined according to RHS Color
Chart. The colors approached these designations: red-
purple 63 B and C; dark red 53 B; red 47 B; pink-
purple 65 B and pink 55 C.

RESULTS

F, generation (Tab. Ia, b) )

Plant height was evaluated by scores and verbal de-
scription in relation to parental plants. There was ob-
served height variability between the clones; this trait
was intermediary in comparison with the parents.

Frosthardiness was evaluated by scores. There was
observed variability between the clones. Clone SCH 3
possessed lower frosthardiness than the less tolerant
parent ‘Eva Rathke’, the tolerance of the other clones
was higher than in this parent or identical to it.

Flowering. The particular clones were much earlier
than the paternal component at first flowering (3. 6.
1983). At second flowering (30. 8. 1982) there was
a large difference between the clones, and between the
clones and maternal genotype ‘Venusta’, which did not
repeat flowering any more.

Flower color, flower shape and flower abundance.
Flower color was markedly intermediary in relation to
the parents (it approached darker red-purple of “dull”
impression). Variability between the clones was ob-
served only in hue intensity (SCH 4 — darker). Two
clones had drooping flowers on long stalks. Flower size
was also variable. Flower abundance was higher than
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Ta, Segregation of traits (plant height and frosthardiness) in F, generation after interspecific hybridization of Weigela florida (Bg.) A.DC.

‘Venusta’ x Weigela hybrida ‘Eva Rathke’

Plant height Frosthardiness
Genotype 30. 8. 1982 3.5.1983 26.5.1982 3.5.1983
scores description scores description scores description scores description
SCH1 2 medium-high 2 | mediumhigh | 4 '“J“"";;: shoot | 4 | injuries of shoot tips
: medium-high injuries of shoot rE "
SCH2 3 higher 25 or higher 4 tips 4 injuries of shoot tips
% medium-high sporadic frost- 1/3 of frost-injured
SCH3 3 higher 23 or higher 23 injured shoots 3 shoots
. 5 . - sporadic injuries of
SCH4 4 high 3 higher 5 without injury 4.5 shoot tips
‘Venusta* 1 lowest 1 lowest 5 without injury 5 without injury
‘Eva L : 173 of frost-injured S :
Rathke' 5 highest S highest 3 rists 4 injuries of shoot tips

in parental plants. About two thirds of the floral shoot
length were densely covered with flowers.

F, generation (Tab. IIa, b, ¢)

The values below were recorded in the third year after
planting. The progeny of SCH 1 clone was not evalu-
ated due to plant damage.

Plant height. In F, generation the variability range of
this trait exceeded the values of both parents, that
means their lower and higher values. There were differ-

ences in the most frequent value between seed prog-
enies of the particular clones (SCH 2-4). The progeny
of clone SCH 2 had the highest number of low plants,
the largest number of high plants was in the progeny of
clone SCH 4.

A low plant producing abundant shoots with short in-
ternodes, designated 2/26, was selected in the progeny
of SCH 2. Besides this seedling, there were other low
(dwarfness) seedlings, poorly growing with a small
number of shoots, in this generation.

Ib. Segregation of traits (flowering and flower color) in F, generation after interspecific hybridization of Weigela florida (Bg.) A.DC. ‘Venusta’ x

Weigela hybrida ‘Eva Rathke’

Flowering = :
Qwer color
Genotype 26.5.1982 30. 8. 1982 30.5. 1983 3.6.1983
SCH 1 in flower scarce flowers flowering peak finish of flowering (dull) red-purple
5 medium-abundant R before finish of
SCH 2 in flower Aovices in flower flopesing (dull) purple-red
SCH 3 in flower in flower onset of flowering in flower (dull) red-purple
. medium-abundant to . . ]
SCH4 in flower e aon POk flowering peak finish of flowering (dull) dark red-purple
“Venusta* no flowers flowering peak past flowering light pink-purple
in flower
‘Eva Rathke* abundant flowers buds onset of flowering dark red

1. Segregation of traits in F, generation at interspecific hybridization of Weigela florida (Bg.) A.DC. ‘Venusta’ x Weigela hybrida ‘Eva Rathke’
(evaluated in the third year after planting). Frequency in the respective class is indicated

a) Plant height (cm)

Genotype <40 40-60 61-80 81-100 101-120 121-140 141-160 161-180 z
SCH2 4 7 16 8 6 1 42
SCH3 0 3 8 15 6 0 1 33
SCH4 1 2 3 7 2 1 8 4 28

\Y x
ER x
% 5 11.5 26 29 135 2 9 4 100
V - ‘Venusta’
ER - ‘Eva Rathke’
x - average value
ZAHRADNICTV] - HORT. SCL. (PRAGUE), 27, 2000 (4): 121-125 123




b) Frosthardi (scores evaluation)

Genotype 1 2 3 4 5 z
2SCH 3 5 7 1 26 42
3SCH 2 4 8 19 33
4 SCH 2 7 5 6 10 30

A x
ER x
% 7 15 19 7 52 100

1 — minimum frosthardiness
5 — maximum frosthardiness

¢) Flower color

I11. Transfer of dwarfness habit by clone 2/26 to progeny. Seedling
height in the first year of growing. Percent of the respective height
frequency

Average plant height (cm)
Cross c« Plant total

S ERE

%
(2/26 x ER)/1 x 2126 10 90 111
(2/26 x ER)/2 x 226 39 49 12 95
(2726 x ER)/1 x ER 39 49 12 82
(2/26 x ER)/2 x ER 63 26 11 38
ER - ‘Eva Rathke*

IV. Color segregation in clone 2/26 progenies after backcross. Percent

Frosthardiness. Frosthardiness of 52% of F, genera-
tion seedlings was identical with the more tolerant par-
ent (‘Venusta’). On the other hand, nearly 41% of
plants had lower frosthardiness than the less tolerant
parent (‘Eva Rathke’).

Flower color. If the basic colors are to be distin-
guished, flowers were of three colors. Less than 8% of
plants had red flowers, but it was brighter red than in
the parent ‘Eva Rathke’. The color was in close relation
to lower frosthardiness in most cases. Flowers of nearly
90% of plants were pink-purple that approached the
flower color of the maternal genotype. Only in plants
with purely pink flowers (less than 3%) is it possible to
speak about a new color different from the flower color
of both parents.

Transmission of dwarfness habit
to progeny

Backcross (Tabs. III and IV) after pollination of the
first maternal plant with clone 2/26 produced 90% of
plants of low habit (average height 17 cm) and only
10% of plants were included in the group of high indi-
viduals (average height 37 cm). The values of the trait
plant height in the second maternal plant approached
normal distribution. If the paternal cultivar ‘Eva
Rathke’ was used, the values of plant height showed
normal distribution in the progeny of the first maternal
plant while high plants prevailed in the progeny of the
second maternal plant. The flowers of the latter prog-
eny were mostly red in color (Tab. IV).

Seventy-five seedlings were produced by open polli-
nation of clone 2/26 (Tab. V); 51 of them were evalu-
ated. This set can be divided into two groups according

124

of the respective color frequency
Genotype | Pink Pink-purple | Red to red-purple z o
2SCH 2 36 4 42 Flower color
Cross combination ink- . | Plant total
3SCH 30 3 33 pink pmkl red r?,dl
4SCH 1 26 1 28 purple purpe
\Y% X. %
ER x (226 xER)/1 x2/26 | 25 67 1 7 81
(226 xER)2x 226 | 8 17 1 6 32
% 3 89 8 100 (P6xERYIXER | 32 | 68 | - . 31
(226 x ER)/2 x ER - - 64 36 11

V. Segregation of the traits flower color and shrub shape after free pol-
lination of clone 2/26. Percent of frequencies

Flower color: (%)

Pink pink-purple red red-purple
24 50 14 12
Shrub shape: (%)
Dense hill-like hill-like low thin higher thin
22 23 10 45

to plant height and shrub shape: low compact shrubs of
hill-like shape of various density, which corresponded
to the maternal plant habit, and higher and high shrubs
with free arrangement of branches. The frequencies of
these two groups were 28:23, which corresponds to
a 1:1 ratio () = 0.494).

Four groups of flower color were distinguished: pink-
purple; pink; red and red-purple. Pink-purple and pink
color occurred in 31 plants, red and red-purple in
11 plants. The frequency of these two groups corre-
sponds to a 3:1 ratio.

The remaining 9 plants did not come into flower at
all.

DISCUSSION

The results are based on data acquired from breeding
material. That is the reason why the evaluated sets
(progenies of the particular crossings) were complete in
the seeding year only. In the next years, the sets con-
sisted of selected plants that complied with the breed-
ing goal.
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A low number of germinating seeds is usually pro-
duced by interspecific hybridization, therefore fre-
quency probability of the sought trait combinations
decreases like it was also in our case. Trait variability
in F, generation progeny did not basically exceed the
level of the parental genotype traits; the effect of
matrocliny on the traits plant height and recurrent flow-
ering was high. The trait flower color was intermediary.
Heterosis was expressed in flower abundance per plant.

As expected, genetic variability largely increased in
F, generation. This variability was higher than that of
F, generation, and exceeded the range of parental geno-
types, mainly in the trait plant height. Plants higher
than the paternal component as well as lower than the
maternal component were produced. In general, the
bulk of the plants were lower than the paternal compo-
nent, the highest frequency of values was around the
value of maternal component. A low compact genotype
with short internodes produced by hybridization was
also described by Svejda (1986). She reported a dwarf-
ness compact Weigela clone from similar interspecific
hybridization like clone 2/26. The occurrence of dwarf-
ness shoots (spurs) as a result of hybridization was also
described in fruit-bearing trees (Kuckuck, 1979).

Variability increased in the trait frosthardiness even
though its range was dependent on the course and in-
tensity of cold. Higher variability was determined in
plants with decreasing frosthardiness. Higher
frosthardiness, conferred by the maternal component,
dominated in about a half of the progeny.

Segregation of the trait flower color occurred in F,
generation. One flower color observed in F, generation
did not appear at all. Color approaching the maternal
genotype (90%) prevailed, i.e. pink-purple color of
various shades. This color was dominantly conferred to
successive generations.

In F, generation there appeared the value of a trait
(flower color) that was maintained in that generation
only. Similarly, heterosis (flower abundance per plant)
was not maintained in the successive generation either.

On the other hand, trait variability increased in F, gen-
eration, even though an objection can be raised that the
numbers of plants in compared generations were differ-
ent. Higher variability allowed to select new genotypes
(dwarfness growth; pink flowers). In vegetatively
propagated species, selection can also be recommend in
F, generation after interspecific hybridization if F, gen-
eration sterility does not prevent its origin.

Clone 2/26 was used to determine the transfer of
dwarfness growth and flower color to progeny by cal-
culation of segregation ratios after backcross and open
pollination. Genetic interpretation of the results is very
difficult. Nevertheless, it can be stated that the transfer
of dwarfness growth and pink-purple color by clone 2/
26 is significant.
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DISTANT SAFFLOWER HYBRIDIZATION

VZDALENA HYBRIDIZACE SVETLICE

J. Uher, F. Kobza

Mendel University of Agriculture and Forestry, Brno, Faculty of Horticulture, Lednice na
Morave, Czech Republic

ABSTRACT: Safflower hybrids between 2n = 20 and 2n = 24 species were obtained by hand pollination of three culti-
vars of Carthamus tinctorius L. with the pollen of Carthamus glaucus M. BIEB. subsp. anatolicus (BOISS.) HANELT.
Characters of parental species and hybrids were tabulated. Hybrids obtained with orange flowering varieties of C. tincto-
rius L. bloom yellow and the ones obtained with white flowering cultivars remain white. In spite of the mother’s spini-
ness weakness dominance, a strong spininess was reported. Generally, all hybrids were sterile and their contribution to
breeding of cultivars useful for floriculture is discussible.

safflower; hybrids; Carthamus tinctorius L.; Carthamus glaucus M. BIEB,

ABSTRAKT: Hybridy oranZové a bile kvetoucich odriid kulturni svétlice (Carthamus tinctorius L., 2n = 24) se Sefikové
kvetoucim planym druhem C. glaucus M. BIEB. (2n = 20) byly ziskdny sprafenim na zdklad¢ zjednodusené metody
vypracované E. C, Claasenem. Doporutované odstran&ni nekastrovanych kvétl z uborl sniZovalo pravdépodobnost
vyvinu naZek z ponechanych kvéti kastrovanych. Hybridy ziistavaly silné ostnité a morfologicky bliz8i druhu C. glaucus
M. BIEB,, v porovnani s ob&ma rodiéi vyvijely v iborech del3i kvéty. Hybridy s u¢asti bélokvété odridy C. tinctorius L.
vyvijely bilé, pfi zavadani viak riZové&jici kvéty; hybridy s ucasti oranZové kvetoucich kultivard kvetly Zluté v souladu
s dosavadnimi poznatky o d&di¢nosti barvy kvéti u hybridi vzeslych z jinych druht rodu. Purpurové zbarveni &nélky
charakteristické pro C. glaucus M. BIEB. bylo dominantni nad bilym, zlistdvalo v8ak recesivni v kfiZeni s oranzové
kvetoucimi kultivary kulturniho druhu se Zlutymi &nélkami. Ziskané hybridy svéd¢i dosud publikovanym zavérim
o dominanci bilé barvy pylu nad Zlutou, stejné tak o vysoké dédivosti ostnitosti, nebyla v8ak prokdzédna dominance
lalo¢natych listi nad celistvymi, pozorovand u jinych rodd cichorioidni vétve sloZnokvétych. Hybridy produkovaly
nekli¢ivy pyl a zaklddané nazky abortovaly pfed dozrdnim. Hybridy C. tinctorius L. s C. dentatus VAHL. (2n = 20) se
uvedenou cestou ziskat nepodafilo. Vzhledem k uvedenym skuteénostem mohou vzdalené hybridizace u svétlice sotva
nabizet cesty vedouci k novym odriidam vyuZitelnym v kvétinaiské praxi.

svétlice; hybridy; Carthamus tinctorius L.; Carthamus glaucus M. BIEB,

INTRODUCTION

Dyer’s safflower blooms in a rich palette of yellow
and orange tinges, a large number of white-flowered
varieties is also known. Wild species of the primary
gene pool only offer a similar or rather poorer colour
scale. However, purple flowers present in wild taxa of
the section Odontagnathius could be an important
source of enrichment in the cultivar assortment which
is being developed for floricultural exploitation. De-
spite of an added high heredity of undesirable traits
(spininess, extension of ontogenetic development), and
of a low compatibility of safflower taxa belonging to
the different sections, hybridization experiments of se-
lected varieties of the 2n = 24 safflower were per-
formed with wild 2 = 20 species.

Hybridization research of Ashri and Knowles (1960),
Khidir and Knowles (1970a,b), Ashri (1974), Estilai
and Knowles (1976), and Estilai (1977) resulted in
a relative effectivity of hybrid creation by crossing spe-
cies belonging to different sections, but the pollen of
these new hybrids has a low germinability, and remains
sterile. Nevertheless, germinative seeds were obtained
thanks to regressive hybridization of these hybrids, and
higher pollen vitality was then reported in the subse-
quent generation, e.g. by Ashri and Knowles (1960),
and Estilai and Knowles (1976). Domesticated C.
tinctorius L. seems to be more compatible with unre-
lated taxa than the other 2n = 24 species from the sec-
tion Carthamus. However, total abortion of immature
anthers occurred on hybrids of C. tinctorius L. with C.

Supported by the Ministry of Education, Youth and Sports of the Czech Republic (the research goal MSM 4351 0000 2).
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tenuis BORNM. or C. glaucus M. BIEB (Ashri and
Knowles, 1960).

MATERIAL AND METHODS

Regarding the relatively long lasting leaf rosette and
generally slow ontogenetic development of cypselae of
the wild taxa, C. glaucus M. BIEB. and C. dentatus
VAHL., the seeds were sown in February 1994 in

1. Parental components used for hybridization

operation was significantly faster and the amount of es-
caped pollen was minimized. Pollen grains, which oc-
casionally contaminated the gynoecium during this
operation, were inactivated with cotton-wool saturated
with a 90% alcohol solution, floral parts treated in this
way were sprinkled with water and put into microtene
bags. All experiments were carried out in July 1994
(varieties ‘Kinko’ and ‘Cremewit’) and August 1994
(cultivar ‘Feuerschopf’) on the heads that had opened
first florets at the given dates; these ones were removed
before castration in both treatments. Approximately
4 heads (C. glaucus M. BIEB.) and
3 heads (C. dentatus VAHL.) on each

T Ecotypelcultivar | Accession Saipl oegii p.lant brought up pollen used for poll}na-
number tion at the dates. On an average, eight
C. tinctorius L. ‘Cremewit’ NLD-05-CT | Hamer, Zwijndrecht (‘Kinko’ and ‘Cremewit’ varieties) or
C. tinctorius L. “Kinko’ GER-02-CT | JuliWa, Heidelberg eleven (‘Feuerschopf”) flowers were
C. tinctorius L. ‘Feuerschopf’ GER-01-CT Benary, Han.Miinden F:astra}t‘ed Of']l each head. The next fnom-
C. glaucus M. BIEB. | anatolicus | GER-01-CG | IPK Gatersleben PO e Domrazyagi e grUR D
with pollen of wild taxa and isolated
C. dentatus VAHL. dentatus AEG-01-CD Kamari (native) agai
gain.
a cold greenhouse into 40 mm multicells. Selected vari-
eties of C. tinctorius L. (Tab. I) were directly sown in RESULTS AND DISCUSSION

April 1994 respecting a 50 m wide isolation distance, at
the same time four plants of both wild taxa were
planted.

The style of the safflower penetrates through the an-
ther column just before dehiscence of pollen sacs and
at the same time self-fertilization regularly occurs. This
is why in the method elaborated by Claasen (1950) flo-
ret castration precedes the proper pollination. Inner in-
volucral bracts were extracted deep enough to allow the
careful removal of the upper corolla part. This made
the access to the whole anther column possible. In the
part of heads treated in this way all flower buds were
left except for a few marginal ones, the most advanced
in their development were used for the castration; the
second part of heads was treated according to methodi-
cal recommendation, the most developed twenty mar-
ginal buds were left and the others were removed from
the capitula.

Then corolla separation from anther
tube was carried out. Claasen (1950) re-
commended to cut away the top part of

We did not manage to obtain hybrid seeds from the
crossing of C. tinctorius L. with C. dentatus VAHL.
and only nine cypselae from the crossing of
C. tinctorius L. with C. glaucus M. BIEB. (all from
treated variety ‘Feuerschopf’) were obtained using ex-
traction of central flowers from heads; but these, sown
in April 1995, did not emerge. In April 1996, we sowed
seeds collected from plants with non-extracted central
flowers, which were left in reserve. With this method,
hybrid plants were reported from sowings of all three
pollinated safflower varieties.

The cause of the difference between the hybridization
prosperity of both populations remains unknown. Only
on the hypothetical basis do we assume a negative in-
fluence of higher ethylene concentration on the capitula
which had damaged central parts and were isolated by

11. Characteristics of chosen traits of hybrids from crossing between C. tinctorius L.
‘Cremewit’ and C. glaucus M. BIEB. in comparison with parental taxa

C. tinctorius L. C. glaucus M. BIEB.

the corolla with subsequent split of the | observed traits il Hybrid Banon M.
anther column from the connection part sanaolon
with the corolla to the top, to carefully | Fresh flower colour Wwhite white light lilac
withdraw it from the style and to cut it Dried flower colour grey-white light pink lilac-grey
off. Nevertheless, Hofbauer (personal | polien colour yellow white white
communication) re.commex}ded‘a modi- Style colour white purple R
fied procedure which consists in press-

A Floret length 25 mm 32 mm 28 mm
ing the corolla tube bellow the part of -

connection with anthers. The top part Outer bract shape ovoid-lanceolate | narrow-lanceolate narrow-lanceolate
of the tube with the anther column | Quterbract length 28 mm 39 mm 38 mm
must then be extracted. Although we Outer bract width 16 mm 11 mm 12 mm
did not manage to avoid style breaking Bract spininess weak strong strong

in some flowers treated in this way, the Bract pubescénce SO thin donic
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microtene bags; cloth bags were used for isolation in
successful hybridization of Claasen (1950). Desmukh
and Ranga-Rao (1991), using polyethylene bags for
isolation, found pollen sterilization in the periods with
elevated temperatures. But differences in the prosperity
of both treatments cannot be explained in this way, and
observations of other authors are diametrically differ-
ent: while Claasen (1950) reports a higher prosperity
outdoors, Hofbauer (personal communication) ob-
served in his experiments a significantly higher part of
successful combinations under greenhouse conditions.
Yellow flowers of our hybrids (Tabs. II and III) seem
to correspond with the observations of Narkhede and
Deokar (1986), who deduced data gene dominance for
white flowers over the other ones, with the exception
of the gene controlling yellow flowers. Imrie and
Knowles (1970) observed dominance of yellow corolla
in hybrids in the 2n = 24 safflower type section species.
The gene combinations responsible for light purple
flowers of C. glaucus M. BIEB. have not been pub-
lished, although white flowers of hybrids obtained with
white-flowering safflower variety, get light pink tinges
during desiccation (Tab. IV). But this does not contra-
dict the mentioned hypothesis. White flowers of saf-
flower varieties usually become grey after dessication,

111. Characteristics of chosen traits of hybrids from crossing between C. tinctorius L.

‘Kinko’ and C. glaucus M. BIEB. in comparison with parental taxa

but flowers which become pink were also reported: cul-
tivar ‘Bhima’ (Munde, 1984).

White pollen of all obtained hybrids (Tabs. II-IV) is
concordant with the conclusions of Ashri (1974) about
the dominance of white pollen colour over yellow one,
and it does not contradict the hypothesis made by
Khidir (1970) for a monogenic control of the character
by three alleles.

Regardless of the shape and spininess of outer involu-
cral bracts of the safflower varieties participating in hy-
bridization, hybrids were universally characterized by
lanceolate, spiny and long acuminate bract appendixes
with venation rising abaxially, similarly like in C.
glaucus M. BIEB. (Tabs. II-1V). Hanelt (1961) noticed
the dominance of lanceolate bracts over obovate ones,
and deduced a cooperation of genes for this character
with spininess controlling genes. Spininess dominance
in hybridization of 2n = 24 taxa is described by Ashri
and Efron (1964), who infer that it is controlled by only
the main gene with two alleles. Similarly, development
of lobed leaves seems to be controlled by a major gene
with dominant allele for lobing (Ashri and Efron, 1964;
Ramachandram and Goud, 1982). In contrast with this
hypothesis applied by Whitaker (1950) and Lindquist
(1958) to other genera of the cichorioid clade, only up-
per stem leaves of our hybrids
showed a clear blade dentition. Basal
leaves (although deeply lobed in all

IV. Characteristics of chosen traits of hybrids from crossing between C. tinctorius L.

‘Feuerschopf” and C. glaucus M. BIEB. in comparison with parental taxa
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Observed traits GER-02-CT Hybrid GER-01-CG known races of C. glaucus M. BIEB.)
Fresh flower colour light orange yellow light lilac Ieman nearly entire ar"d without pu-
A 3 : bescence. Plants did not show

Dried flower colour orange light orange lilac-grey s
- - a tendency to leaf rosette persistency
Pollen colour yellow white white and in the first weeks after emer-
Style colour yellow yellow purple gence, they were hardly distinguish-
Floret length 25 mm 31 mm 28 mm able from parental C. tinctorius L.

. narrow- varieties. .

Outer bract sha ovoid-lanceolate narrow-lanceolate 2 z

be lanceolate Preliminary observations of pollen
Outer bract length 30 mm 39 mm 38 mm vitality (1.8% of dyed grains in tetra-
Outer bract width 16 mm 13 mm 12 mm zolium test) were indirectly con-
Hiract ipininess pl e s firmed by the _fact that none of the
: observed hybrids gave fully devel-

Bract pubescence none thin dense :
oped seeds. However, production of

some deformed and aborted achenes
was observed in some hybrid plants
(‘Kinko’ variety among them), and
they produced a pappus typical of

i i o SRy C. glaucus M. BIEB. Sterility of in-
Fresh flower colour dark orange yellow light lilac tersectional safflower hybrids is
Dried flower colour vermillion-red light orange lilac-grey widely mentioned and Ashri and
Pollen colour yellow white white Knowles (1960) observed no pollen
Style colour yellow yellow purple germinability for safflower hybrids
Floret length A Yy Py from C. glaucus M. B.IE'B. (var.
Outer bract shape obovate lanceolate narrow-lanceolate ?Iaugus); hlowevelrl, Esmal. (1‘)9177)
Outer bract length 18 mm 36 mm 38 mm (3::.1 a Iz,i?rll dr(‘)l‘;lvu.l:(:\Segl'lg t;fmma Ty
Outer bract width 10 mm 18 mm 12 mm

Bract spininess none strong strong

Bract pubescence none thin dense
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CONCLUSIONS

Distant hybridization can scarcely offer an acceptable
way to obtain new varieties useful in floricultural prac-
tice. Regardless of the high level of sterility which may
be partly eliminated by amphidiploidization, usefulness
of hybrids for drying remains discussible. Flowers of
the pink flowered taxa do not keep their colours, they
change to brownish grey-pink. Considering late flower
development and high spininess, prosperity in produc-
tion of cut flowers, especially in greenhouse areas, can-
not be expected. At present time, breeding of spineless
safflower varieties is entirely realized by crossing
spineless genotypes with subsequent selections. Plants
with reduced spininess were not observed among hy-
brids belonging to 27 = 24 and 2n = 20 taxa.
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INFORMATION INFORMACE

PREZENTACIA FARMACEUTICKEJ FAKULTY
UK BRATISLAVA A SLOVAKOFARMY, A. S.,
HLOHOVEC NA AGROKOMPLEXE 2000

Bréany tohtoro&ného 27. Medzinarodného pol'nohospodarskeho a potravinirskeho veltrhu Agrokomplex 2000
v Nitre sa pre navstevnikov otvorili 17. augusta 2000.

Podet 606 zudastnenych vystavovatelov z 18 $tatov zastupujucich 800 firiem, ktori si prenajali viac ako
26 000 m’ istej vystavnej plochy, svedéi o tom, Ze podobne ako v minulosti, tak aj tento rok sa Agrokomplex
2000 radi medzi najuspesnejSie podujatia na Slovensku.

Moderny vyskum lie¢iv vychadza z prirodnych materidlov, ktoré su €asto dostupnym a finan¢ne nenaro¢nym
zdrojom biologicky aktivnych latok. Po uritej dobe Uistupu vyznam lie¢ivych rastlin pre farmaceuticky priemysel
sa preto z roka na rok zvySuje. Stipajici dopyt po mnohych lieivych rastlinach nie je mozné uspokojit’
z prirodnych zdrojov, ¢o podnecuje mnohych polnohospodarov pestovat’ Ziadané druhy lie¢ivych rastlin.

Lie¢ivé rastliny sa v minulosti pouzivali hlavne na pripravu lieivych ¢ajovin, kym dnes si hlavne priemyselnou
surovinou na pripravu liekov a lie¢iv. Niektoré lie¢ivé rastliny sa pouZivaju priamo na izolaciu biologicky
aktivnych latok, pripadne sa chemicky modifikuji na este (i¢innejsie latky.

Snahou Farmaceutickej fakulty UK v Bratislave a Slovakofarmy, a. s., Hlohovec je bliz§ie oboznamit’ $irokd
verejnost’ s lie€ivymi rastlinami. Prave tento dévod podnietil Farmaceutickd fakultu a Slovakofarmu, a. s.,
kaZzdoro¢ne sa zugastiiovat’ so spoloénou expoziciou na veltrhu Agrokomplex v Nitre.

Neoddelitel'nou stgastou tejto expozicie bola kolekcia vybranych lieivych rastlin, ktord sliZi pre osvetové
a pedagogické ugely. Scendr vystavy pripravili RNDr. T. Lindauerova, CSc., a RNDr. J. Stano, CSc., za udinnej
pomoci RNDr. A. Chocholatej, doc. DrPH. PhMr. J. Kresdnka, CSc., Ing. M. Koretiovej, Ing. P. Cupku, CSc.,
a Ing. L. Prochézkovej (garantky vystavy). Okrem expozicie lieivych rastlin bol pre navstevnikov vystavy
pripraveny prehl'ad sortimentu najnovSie vyrdbanych &ajovin, tekutych pripravkov a kapsuli zahrnutych
v katalogu Slovakofarmy, a. s., ktoré prezentovala RNDr. A. Chocholata z divizie Lie¢ivé rastliny Malacky.

Prezentécia vyrobkov bola zérovei spojené s poskytovanim vzoriek réznych druhov ¢ajov ndvstevnikom. Pre
pestovatel'ov a zberatel'ov liecivych rastlin boli pripravené recepty osvedéenych ¢ajov, vhodnych pri podporne;j
liecbe niektorych ochoreni dychacich a mocovych ciest, zazivacieho traktu, pri diabete atd’. Konzultaéné sluzba
na vystave poskytovala nédvitevnikom informacie o pestovani, zbere, spracovani, pouZiti a moZnostiach nakupu
liegivych rastlin. Dal3ie informécie sa tykali zloZenia, vlastnosti a pouZitia predovietkym volne predajnych
pripravkov Slovakofarmy, a. s., v Hlohovci. Zaujemcom o pestovanie. lieivych rastlin sa zdarma poskytovali aj
priruéky Pestovanie liecivych rastlin.

Pevne verime, Ze spolo¢nd expozicia Farmaceutickej fakulty UK a Slovakofarmy, a. s., Hlohovec splnila svoj
ucel a Ze kazdy vyrobok si ndjde svojho zdkaznika. Zaroveni si dovolujeme zablahoZelat' vietkym
vystavovatel'om, ktorych vyrobky, resp. expozicie boli ocenené, podakovat’ mnohym navitevnikom za cenné
a podnetné navrhy a zaZelat’ si, aby nasledujiica vystava bola eite lepsia neZ tohtoro&na.

RNDr. Jan Stano, CSc.
Doc. RNDr. Daniel Granéai, CSc.
Ing. MarcelaKoreriova

Farmaceuticka fakulta Univerzity Komenského, Bratislava
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IDENTIFICATION AND DETERMINATION OF PLANT
EXTRACELLULAR 0-GALACTOSIDASE

DOKAZ A STANOVENIE EXTRACELULARNEJ RASTLINNEJ
0-GALAKTOZIDAZY A PERSPEKTIVY JEJ VYUZITIA

F. Andriamainty!, J. Stano', K. Mitieta?, A. Barth?, H. Barthov4®, J. Cizmarik',
M. Koreriova'

'Faculty of Pharmacy, Comenius University, Bratislava, Slovak Republic
*Faculty of Sciences, Comenius University, Bratislava, Slovak Republic
*PROBMOL Ltd., Halle, Federal Republic of Germany

ABSTRACT: Using a synthetic substrate a simple and sensitive procedure for determination of extracellular o.-galac-
tosidase was developed. The studied enzyme produced by tested plant material (calluses and roots of seedlings) hydroly-
sed the substrate (1-naphthyl-a-D-galactopyranoside) to a-D-galactose and 6-brom-2-naphthol. By simultaneous azo-
coupling of 6-brom-2-naphthol with Fast Blue RR violet-red, hardly water-soluble azo dye was produced. The extracel-
lular a-galactosidase activity was assessed by evaluating the intensity of dyed zones. No coloration was observed in agar
medium without inoculum, with heat-inactivated cells (10 min at 100 °C), or in medium without substrate. On the agar
plates with substrate and sterile gherkin, poppy and California poppy seedlings changes in coloration were observed
showing the release of a-galactosidase from the roots during germination.

enzyme secretion; Ct-galactosidase; diazonium salt; callus and suspension culture; Eschscholtzia californica CHAM. —
California poppy

ABSTRAKT: Pomocou syntetického substritu sa vypracovala jednoduch4 a citlivd metoda dékazu extraceluldrnej
o-galaktozidazy. Kalusovou kultlrou, resp. korefiom kli¢nych rastlin sekrétovany $tudovany enzym hydrolyzuje substrat
(1-naftyl-a-D-galaktopyranozid) na o-D-galaktozu a 6-brém-2-naftol. Simultdnnou azokopulaciou 6-brém-2-naftolu
s Fast Blue RR sa tvori vo vode takmer nerozpustné fialovocervené azofarbivo. Aktivita extracelularnej o-galaktozidazy
sa hodnotila intenzitou zafarbenia z6ny. Na agarovom médiu bez inokula, s tepelne o3etrenymi bunkami (10 min pri
100 °C) alebo na médiu bez substratu sa nepozorovali Ziadne farebné zmeny. Na agarovych platniach so substratom
a sterilnymi kli¢nymi rastlinami uhoriek, maku a slncovky sa pozorovali zmeny zafarbenia, ktoré poukazuji na
uvoliiovanie a-galaktoziddzy z korefiov podas kli€enia.

sekrécia enzymu; o-galaktozidaza; diazéniové sol’; kalusové a suspenzna kultara; Eschscholtzia californica CHAM.

INTRODUCTION sent also in plants, this source has not been used before
now for isolation of this enzyme (Podr, 1997/98).

The determination of ot-galactosidase activity plays an
important role in many fields of basic and applied re-

search. The quality of human food is among other

In the last years several methods for determination of
the activity of o-galactosidase have been developed.
Naturally occurring or synthetic substrates may be

used for these purposes (Kaneko et al., 1990; Simons
et al., 1979; Machové, 1994).

a-galactosidase (-D-galactoside galactohydrolase
EC 3.2.1.22) catalyzes the hydrolysis of the terminal
o-galactose bond of glycosides of this type. The en-
zyme is used in sugar beet industry for the hydrolysis
of molasses, raffinose and stachyose. Microorganisms
are the preferred sources of a-galactosidase (Kaneko et
al., 1990). Although a-galactosidase is generally pre-

things strongly dependent on its quality, quantity, struc-
ture and physico-chemical properties. The biotransfor-
mation of sugars plays an important role in some
biotechnological processes (Schlee and Kleber, 1991;
De Rezende and Felix, 1997). Application of a simple
and rapid screening method for the detection of o-ga-
lactosidase activity is of great importance both for sci-
entific and production purposes. Naturally occuring
substrates such as raffinose, stachyose or melibiose

Dedicated to Prof. Dr. K. Neubert, Halle, on the occasion of his 60th birthday.
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may be used for determination of the activity of c.-ga-
lactosidase too (Machova, 1994; Budik, 1994).

Advantageous for this purpose are the synthetic sub-
strates p-nitrophenyl-o-D-galactopyranoside as well as
6-bromo-2-naphthyl-a-D-galactopyranoside, which
was used for histochemical localization of the a-galac-
tosidase (Machova,1994; Gossrau, 1991).

The aim of this work was to show that the synthetic
substrate 6-bromo-2-naphthyl-o.-D-galactopyranoside
can be used in a simple and rapid method for the detec-
tion of extracellular plant o.-galactosidase.

MATERIALS AND METHOD

Plant material

Long-term callus cultures and cell suspensions were
derived from seedlings of California poppy
(Eschscholtzia californica CHAM.). Callus cultures
were derived from roots (Dr. V. Blanarikova, Depart-
ment of Cell and Molecular Biology of Drugs, Faculty
of Pharmacy, Comenius University, Bratislava) and
were subcultured every 2-3 weeks on Murashige-
Skoog (1962) medium under controlled conditions
(25 £ 1 °C and 60% relative humidity in dark)
(Blanarikova et al., 1996; Krook, 1999). Ca. 1-2 g of
callus cultures was transferred to Murashige-Skoog
medium (without agar) with o-naphthaleneacetic acid,
kinetin (Stano et al., 1995) and grown on a rotary
shaker (120 rpm) in 500 ml flasks, containing 100 ml
of medium at 25 °C in dark. The suspension cultures
were subcultured every 2-3 weeks. Seedlings of Cali-
fornia poppy, gherkin and opium poppy were cultivated
from sterilized seeds under aseptic conditions accord-
ing to Dixon (1991).

Identification of extracellular enzyme activity

6-bromo-2-naphthyl-a-D-galactopyranoside was used
for the identification of extracellular a-galactosidase.
a~—galactosidase hydrolyzed the substrate and
6-bromo-2-naphthol was released. By coupling of
6-bromo-2-naphthol with Fast Blue RR (4-ben-
zoylamino-2.5-dimethoxybenzenediazoniumchloride
hemi [zinc chloride] salt) azo-dye was formed. A modi-
fied method for histochemical studies given by Simons
et al. (1979), Lojda et al. (1982), Stoward and Pearse
(1983) was used.

10 mg 6-bromo-2-naphthyl-a.-D-galactopyranoside
was dissolved in 0.5 ml dimethylformamide and 10 ml
of buffered Fast Blue RR (10 mg) solution was added
(10 ml Mc Ilvaine buffer), pH 5.0.

10 ml of 1% agar in Mc Ilvaine buffer pH 5.0 was
added to the above mixture and autoclaved in the usual
way (Blanarikova et al., 1996).

132

Enzyme preparation

Cell suspension cultures were used to determine the
intracellular o-galactosidase activity. The cells (10 g)
were filtered off and washed with 3 000 ml of distilled
water. Soluble proteins were extracted by grinding the
cells in a precooled mortar using a ratio 1:2 (g/ml) of
cells and Mc Ilvaine buffer pH 5.3 at 4 °C. The homo-
genate was squeezed through two layers of nylon cloth
and centrifuged at 150 000 m/s’ for 15 min at 4 °C.

Enzyme assay

The enzyme assay was performed by the modified
method of Simons et al. (1979) using p-nitrophenyl-at-
D-galactopyranoside (PNG) as the substrate. The reac-
tion mixture contained a suitable amount of enzyme
preparation (0.1-0.3 m), 3.10° mol/l of substrate in
2 ml of Mc Ilvaine buffer (pH 5.3). The control con-
tained boiled (10 min at 100 °C ) enzyme preparation.
The reaction mixture was kept for 20 min at 30 °C and
the reaction was stopped by adding 2 ml of 1 mol/l
Na,CO;. The released p-nitrophenol was determined by
the measurement of the absorbance at 420 nm against
the control. The enzyme activity was expressed in
katals. Protein content was determined by the method
of Bradford (1976) using bovine serum albumin as the
standard.

RESULTS AND DISCUSSION

The synthetic substrates p-nitrophenyl-c.-D-galacto-
pyranoside and 6-bromo-2-naphthyl-a-D-galactopy-
ranoside used in this study proved to be suitable for
study of the intracellular and extracellular activity of o.-
galactosidase.

Culture media (agar plates with and without the sub-
strate 6-bromo-2-naphthyl-o.-D-galactopyranoside and
Fast Blue RR (Machové, 1994; Lojda et al., 1982;
Stoward and Pearse, 1983) were inoculated with cells
from growing callus cultures and then cultivated 1-2 h.
The activity of extracellular a-galactosidase was de-
tected by the presence of stained violet-red (azo-dye)
zones beneath and around the areas of cells on the agar
plates. Azo-dye was formed by simultaneous azo cou-
pling of 6-brom-2-naphthol and Fast Blue RR.

Extracellular o-galactosidase was considered to be
present also in cases when on the agar plates after
20-60 min violet-red staining appeared in zones around
the root tips and hairy roots of 2 days old seedlings of
cucumber.

No coloration of the agar medium or plant materials
after inoculation with heat inactivated calluses (100 °C,
10 min) was observed.

Homogenates of the cell suspension cultures and cul-
ture medium alone after 14 days of cultivation were
used for assaying the activity of intracellular and extra-
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1. a-galactosidase activity of Eschscholtzia californica CHAM. in cell
culture and culture medium after 14 days of cultivation

Specific
: Volume | Protein Activity activity
Fraction
(ml) |(mg/gfw.) |(nkavgfw.) | (nkat/mg
protein)
Homogenate of | 1o |, 68,024 |49.34020 | 203
isolated cells
Culture
medium 5 0.41+0.20 [ 71.4+021 174.5
without cells*

f. w.— fresh weight
*corresponding to the amount of isolated cells

cellular a-galactosidase, respectively. In both cases
p-nitrophenyl-a-D-galactopyranoside was used as
a substrate. The distribution of the intra- and extracel-
lular enzyme activity is presented in Tab. I. The data
document a 40.6% intracellular and 59.4% extracellular
distribution of a-galactosidase activity, the extracellu-
lar specific enzyme activity being 5.9 times higher.

The production of extracellular a-galactosidase as
well as proteolytic enzymes (Mulinami and Devendra,
1999; Stano et al., 1997/98) that are released from plant
cells might be of some importance for biotechnological
applications in the food and pharmaceutical industry
and analyses (Mulinami and Devendra, 1999; Granéai
et al.,, 1986; Stano et al., 1997; Nagy et al., 1989;
Grandai et al., 1993). These enzymes as well as o-ga-
lactosidase and invertase (Poor et al., 1997/98; Micieta
et al., 1999; Paek et al., 1998) are generally present in
plants; they have not been used in biotechnological
processes until now (Mulinami and Devendra, 1999,
Grandai et al., 1986; Stano et al., 1997; Podr et al.,
1997/98; Micieta et al., 1999; Paek et al., 1998).

Due to the simplicity and reproducibility of the
method presented it could be useful for the detection of
plant producers of extracellular a-galactosidase.
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CONTROLLED FERMENTATION OF GRAPE JUICE INFLUENCED
BY TEMPERATURE AND YEAST STRAIN

RIZENE KVASENI REVOVEHO MOSTU OVLIVNENE TEPLOTOU
A KVASINKOVYM KMENEM

M. Kyselakova, J. Golia§

Mendel University of Agriculture and Forestry Brno, Faculty of Horticulture, Lednice na
Moraveé, Czech Republic

ABSTRACT: Dynamics of the consumption of reserve substances and of ethanol and glycerol production in yeast
strains I0C 9001 (yeasts of the genus Saccharomyces cerevisiae cerevisiae) and in a yeast strain from the scries FV
(yeasts of the genus Saccharomyces cerevisiae) was studied during the main phase of fermentation and at two tempera-
ture levels (12 °C and 21 °C). The rate of fermentation process was expressed on the base of half-life criterion (four
half-lives represented the complete time of fermentation). Data of half-lives were expressed in days and were signifi-
cantly different for individual yeast strains, fermentation temperatures and analysed compounds. Residual concentrations
of glucose and fructose did not exceed 0.3 g/land 1.5 g/l, respectively. In the main phase of fermentation, concentrations
of tartaric, malic, citric and acetic acids were estimated. Dynamics of changes in contents of organic acids in fermenta-
tion medium were estimated by liquid chromatography.

grape juice; wine; controlled fermentation; yeast strains; ethanol; glycerol; glucose; fructose; wine acids

ABSTRAKT : V hlavni fazi kvaseni a na dvou teplotnich trovnich (12 °C a 21 °C) byla sledovana dynamika spotfeby
zésobnich latek a produkce etanolu a glycerolu u kvasinkového kmene IOC 9001 (kvasinka rodu Saccharomyces
cerevisiae cerevisiae) a kvasinkového kmene ze série FV (kvasinka rodu Saccharomyces cerevisiae). Rychlost kvasného
procesu byla vyjadiena kritériem polotasu. Cty¥i poloasy ptedstavuji uplnou dobu kvaieni. Udaje polotasi jsou
vyjadfeny ve dnech a vyrazné se lidi pro kvasinkové kmeny a teploty kvadeni a stanovované latkové slozky. Zbytkova
koncentrace gluk6zy nepfevysuje 0,3 g/l a fruktézy 1,5 g/l. Dynamika zmén organickych kyselin v kvasném médiu byla
stanovena kapalinovou chromatografii, koncentrace b&hem hlavni fize kvadeni jsou uvedeny pro kyselinu vinnou,
jableénou, citronovou a octovou.

révovy most; vino; fizené kvaseni; kvasinkové kmeny; etanol; glycerol; gluk6za; fruktéza; kyseliny vina

out when using GC due to non-volatility of these com-
pounds. It is also recommended to use a pre-column
combined with cation exchanger (Heidger, 1990).
Combinations of analytic columns and detectors repre-
sent a useful tool in kinetic studies on fermentation of

INTRODUCTION

Grape juice and its alcoholic derivative can be easily
analysed by gas chromatography (GC) and high perfor-
mance liquid chromatography (HPLC). HPLC enables

a direct estimation of such compounds as e.g. monosac-
charides, disaccharides or organic acids present in
fruits without any derivatization which is necessary in
case of GC. A comparison of main characteristics of
both methods was published by Schwedt (1980). HPLC
systems with one or two analytic columns and corre-
sponding detectors can be used for analysis of sugars
and monohydroxy and dihydroxy carbonic acids with
one to three -COOH groups. In this way it was possible
to avoid derivatization procedures that must be carried

various sources of sugars (Morawski et al., 1983).
Technological properties of yeasts are derived from
differences in metabolism of yeast strains of Saccharo-
myces cerevisiae and/or mixed yeast cultures with
small proportions of S. bayanus, S. aceti, S. elipsoideus
and other species. Performance of the fermentation pro-
cess is characterized by criteria of technological magni-
tude, rate of fermentation, presence of volatile acids,
resistance to SO, and production of H,S, killer charac-
teristics and flocculation of biomass (Ciani et al.,

Supported by the National Agency for Agricultural Research in Prague (grant No. EPO 960996031).
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1994). The course of ethanol production and of sugar
consumption is non-linear (Giovanelli et al., 1996). Ki-
netics of fermentation (dCO,/dt max) and characteris-
tics of derivation curve as related to the degree of
ripeness of grapes are highly dependent both on sugars
and assimilable nitrogen (Dubois et al., 1996). Tech-
niques and methods of controlled alcoholic fermenta-
tion are evaluated on the base of ethanol production,
sugar consumption and heat generation (Piracci, 1993).
A good knowledge of biochemical changes of yeast
strains and of fermentation conditions enables selection
of specific yeast strains suitable for production of
wines with a typical bouquet (Ciolfi, 1992; Melero,
1992). Minérik and Jungovéa (1990) compared four
neutral yeast strains on the base of ethanol production
and their capability to ferment residual sugar and to re-
duce production of volatile acids.

Saccharomyces cerevisiae is not only the most fre-
quent yeast species used for technological purposes; it
is also dominant in the total grape microflora. Pure
wine yeasts selected from their native environment can
be used either as an active dry product or as a liquid in-
oculum. Selection enabled to obtain yeast strains with
a good tolerance to high concentrations of ethanol
(16-18% v/v). Microbiological properties were de-
scribed on the base of morphological and cultivation
characteristics (Vojtekova and Mindérik, 1985; Malik et
al., 1996a). Original samples were selected for a long
time also according biochemical characteristics of yeast
strains (Malik et al., 1996b). Technological characteris-
tics concerned flocculation, tolerance to alcohol, and
reduction of production of undesirable compounds
(i.e. volatile acids, higher alcohols, hydrogen sulphide,
acetaldehyde and glycerol).

This paper analyses relationships existing among con-
sumption of fermentation substrates on one hand and
production of ethanol and glycerol on the other in two
yeast strains of Saccharomyces cerevisiae during the
process of fermentation under conditions of controlled
temperature and defined initial concentration of yeast
inoculum.

MATERIAL AND METHODS

Preparation of fermentation medium and conditions
of fermentation

Fermentation experiments were carried out under
anaerobic conditions because manipulation and con-
tinuous samplings were done in absence of atmospheric
oxygen. Yeast strain inocula were prepared under stan-
dard conditions by cultivation and testing of initial con-
centrations of yeasts (10° cells per ml). Basing on
temperature of fermentation medium (12 or 21 °C),
samplings were carried out in intervals of 2-3 days.

136

Active dry yeast strain IOC 9001 (V9) of the species
Saccharomyces cerevisiae cerevisiae originated from
the Institute of Oenology de Champagne S. A.,
Epernay and the yeast strain FV1 was cultivated on
agar (Malik et al,, 1996a). The initial sugar content of
grape juice of 17°NM was increased to 20 °NM using
a mixture (1:1) of glucose and fructose.

Chromatographic conditions of estimation of
components in fermentation medium and
simultaneous estimation of compounds in two
separation columns

HPLC apparatus consisted of two pumps, dosing
valve, six-way change-over valve, refractometric detec-
tor and UV detector. A precolumn filled up with basic
anex (Hema-Bio 1000 Q) was connected in the loop of
change-over valve. After dosage of a sample (5 pl),
alcohols and sugars passed without problems through
this precolumn. Organic acids were adsorbed and then
washed off with eluent that separated them in the sepa-
ration column. Although both columns were identical
(filled with sulphonated styrene divinylbenzene sor-
bent) in one of them sugars were separated at room
temperature while in the other organic acids were
treated at an increased temperature of 50 °C. This sepa-
ration column was connected with a short precolumn
(Separon SGX C18) that trapped anthocyans because
they caused a systemic peak at the start of chromato-
gram of organic acids; this peak interfered with qualita-
tive evaluation of citric acid. Both simultaneous
estimations were supported by a computer programme.
The arrangement of this chromatographic apparatus en-
abled to work with one column system only.

For separation of sugars, de-ionized water with detec-
tion of substances in RI detector represented the mobile
phase while for organic acids 20 mM methasulphonic
acid was used; in both cases the rate of flow was
0.7 ml/min. Initial samples were diluted 12.5-times and
filtered prior to injection.

Quantification of analysed data

Calibration curves were obtained using the method of
external standard. Graphs with the gradient passing
through the origin of co-ordinates were plotted on the
base of separate dosage of defined amounts of standard
and comparison of magnitudes of corresponding chro-
matographic peaks. Diluted samples were analysed un-
der identical conditions. Peak areas were evaluated by
means of an CSW integrator (DataApex, s. . 0.,
Prague). Equations of lines of dependence of A, areas
(mV.s) on dosed amounts c, (g/l) were calculated with
accurracy of correlation coefficients higher than 0.999
for each analysed substance.
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Expression of estimated components using the
half-life criterion

Consumption of sugars can be expressed by the equa-

tion
¥s = As exp(-Bs.x)

¥, — total consumption of sugars (g/1),
x — time of fermentation in days,
constants 45 and Bs — concrete course of fermenta-
tion process.

To express production of ethanol (and also of glyc-
erol) equation

Ve = Ag (1-Bg.x) may be used

ye — production of ethanol (g/1),
x — time of fermentation in days,
Ag and B; — constants of exponential equation.

The half-life of decrease (increase) is formulated as
the equation

where:

where:

Tos=In2/B
where: B - constant of exponential equation in days.
RESULTS AND DISCUSSION

Effect of temperature of fermentation medium
and yeast strain on residual concentrations of
glucose and fructose

In Fig. 1, time course of sugar consumption at the
temperature of 21 °C is presented. This temperature is
the technological temperature of fermentation recom-
mended for yeast strains V9 and FV1 when used under
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1. Consumption of glucose and fructose by yeast strain V9 at the fer-
mentation temperature 21 °C

field conditions. At both temperatures, glucose was
preferentially metabolized and its residual concentra-
tion was 0.26 g/l after six days of fermentation with
yeast strain V9. In case of strain FV1, the correspond-
ing value was 0.36 g/l after ten days of fermentation.
At a lower temperature (12 °C), the residual concentra-
tion was nearly the same and occurred after a time in-
terval that could be derived from numeric data about
the half-life of glucose consumption (Tab. I).

The course of fructose fermentation was delayed for
both yeast strains and both fermentation temperatures;
residual concentrations were 1.8 g/l and 1.3-1.7 g/l for
yeast strains V9 and FV1, respectively. Both strains of
yeast species Saccharomyces cerevisiae fermented glu-
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L. Half-life of glucose and fructose consumption and production of
glycerol and ethanol at fermentation temperatures 12 °C and 21 °C
(in days)

Temperature 12°C 21°C

/strain V9 FV1 V9 FV1
Glucose 2.79 332 0.62 1.72
Fructose 593 6.88 1.18 3.47
Glycerol 432 4.76 1.26 2.39
lElhanol 4.69 7.59 1.98 3.83
[Total sugars 368 6.28 097 243

cose and fructose to a comparable concentration that
was stabilized after an exponential decrease in the ini-
tial concentration of fermentation substrate (Fig. 2).

Both yeast strains of the species Saccharomyces
cerevisiae, i.e. from the FV (Malik et al., 1996) and V9
series (OIC 9001) were glucophilous.
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2. Consumption of fructose by yeast strains V9 and FV1 at the fermen-
tation temperature 12 °C

Production of ethanol and glycerol by yeast strains
within the main phase of fermentation

Arrangement of the column chromatography appara-
tus with refractometric detection enabled a simulta-
neous estimation of glucose and fructose, and ethanol
and glycerol from one chromatographic injection. In
this way it was possible to compare directly the areas
of peaks and to calculate concentrations using the
method of direct calibration. Estimated components
were sufficiently separated by their retention times for
an exact recording of peak area. For each yeast strain,
the time course of ethanol production corresponded
with the degree of glucose and fructose fermentation.
In case of yeast strain V9, theoretical and real values of
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3. Consumption of glucose and fructose and production of ethanol by
yeast strain V9 at the fermentation temperature 21 °C

137



¢ 150

[0 ) [ — SIS |
Glucose + Fructose

o \ con

100

. H
S
50 —
'-"I/ \A

0 : i
0 10 ¢ (cays) 20

4, Consumption of glucose and fructose and production of ethanol by
yeast strain FV1 at the fermentation temperature 21 °C

ethanol production were 98.6 g/l and 87.7 g/, resp., at
the fermentation temperature of 21 °C (Fig. 3). At the
same temperature, yeast strain FV1 fermented the ini-
tial concentration of 184.1 g/1 of glucose and fructose
mixture to 82.1 g/l of ethanol; the theoretical value of
a complete transformation of sugars to ethanol was in
this case 94.2 g/l (Fig. 4). A lower fermentation tem-
perature (12 °C) inhibited production of ethanol but fi-
nal concentrations of ethanol were comparable (Fig. 5).
100 - :
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5. Production of ethanol by yeast strain V9 at fermentation tempera-
tures 12 °C and 21 °C

After the phase of fermentation, concentration of glyc-
erol was dependent on fermentation temperature and
yeast strain. When the yeast strain FV1 was used, the
rate of production of this metabolite was lower but at
the temperature of 21 °C identical values were reached
after 12 days of fermentation (Fig. 6).
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Comparison of the rate of ethanol production and
sugar consumption on the base of half-life criterion

Criterion of half-life was used for the expression of
time interval (in days) required for a reduction of initial
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values to a half. According to the definition of this cri-
terion, the calculated value was higher by only 3 per
cent than the theoretical minimum after an interval of
5 half-lives (for calculation of sugars, these were con-
centrations of residual sugar estimated after the end of
the main phase of fermentation). The shorter the half-
life the faster the rate of fermentation. For yeast strains
and fermentation temperatures, the resulting intervals
of fermentation were identical with actually recorded
residual concentrations of both sugars in fermentation
medium (Tab. I). When using this criterion, the higher
rate of fermentation process was recorded in case of
glucose (0.6 days) fermented by yeast strain V9 at
21 °C. Higher figures for both sugars were obtained on
the base of summation of both curves due to a slower
consumption of fructose.

Concentration of organic acids during the main
phase of fermentation

Arrangement of this apparatus enabled to carry out
a simultaneous estimation of major acids occurring in
juice and fermentation medium. These compounds
could be separated with a sufficient efficiency; citric
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7. Concentration of tartaric acid during the fermentation by yeast strain
FV1 at two temperatures

acid was the only exception because its peak could be
separated from that of tartaric acid only with difficul-
ties. The content of tartaric acid ranged from 90 mg/I to
120 mg/I (Fig. 8). A decrease in concentration of malic
acid from 4.2 g/l to 3.7 g/l (Fig. 9) concerned yeast
strain V9 at both fermentation temperatures (21 °C and
12 °C). As far as malic acid was concerned, its concen-
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8. Concentration of citric acid during the fermentation by yeast strain
FV1 at temperatures 12 °C and 21 °C
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yeast strain V9 at two temperatures

tration was 4.8 g/l at the beginning of fermentation and
the strain FV1 reduced it to 3.8 g/l. Yeasts of the spe-
cies Saccharomyces cerevisiae can, in some cases, re-
duce the concentration of malic acid by 20-30%.
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10. Content of acetic acid during the main phase of fermentation by
yeast strain V9 at two temperatures

De-acidifications of malic acid by yeast strains are
known in the genus Schizosaccharomyces; for instance
S. pombe is used for a biological degradation of acids
in young wine (Radler, 1995). A transformation of
malic acid to lactic acid results from activities of bacte-
rial strains of the genus Lactobacillus the inoculum of
which is intentionally added into medium after the
main phase of fermentation.

Within the experimental period under study, however,
this tendency was not demonstrated because concentra-
tions of lactic acid ranged only insignificantly from 250
to 300 mg/l. According to Dittrich (1995) it is possible
to expect changes in percentages of bacterial species
and/or strains during the main phase of fermentation
because only to its end the percentage of Leuconostoc
mesenteroides is reduced in favour of Lactobacillus
0enos.

During the main phase of fermentation, the content of
tartaric acid is stable (Fig. 7) and its deviations from
the average are caused only by changed concentrations
of this acid in the original juice (for yeast strain V9
the difference is 0.8 g/l of tartaric acid at temperatures
12 and 21 °C).

In case of yeast strain V9, the content of acetic acid
did not exceed 160 mg/l at the temperature of 21 °C;

this corresponded with a smooth course of fermentation
processes without any secondary oxidation.
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REVIEW ARTICLE

PREHLED

PREDATORY BUGS OF THE GENUS ORIUS WOLFF
(HETEROPTERA: ANTHOCORIDAE) IN BIOLOGICAL CONTROL

OF PESTS

DRAVE PLOSTICE RODU ORIUS WOLFF (HETEROPTERA:
ANTHOCORIDAE) V BIOLOGICKE REGULACI SKUDCU

P. Hejzlar, J. Kabifek

Czech University of Agriculture, Faculty of Agronomy, Department of Plant Protection,

Praha, Czech Republic

ABSTRACT: Five species of predatory bugs of the genus Orius are used for biological pest control in greenhouses in
Europe at the present time: O. insidiosus (Say), O. laevigatus (Fieber), O. majusculus (Reuter), O. minutus (Linnaeus)
and O. tristicolor (White). The use of other species is discussed: O. albidipennis (Reuter), O. niger (Wolff), O. sauteri
(Poppius), O. tantillus (Motschulsky) and O. vicinus (Ribaut). The occurrence of particular species, their predatory abili-
ty and the possibilities of using them in biological control are reviewed in this publication.

biological control; Orius albidipennis; O. insidiosus; O. laevigatus; O. majusculus; O. minutus; O. niger; O. sauteri; O.
tristicolor; O. tantillus; O. vicinus

ABSTRAKT: V soucasné dobé& se v biologické ochrané rostlin proti zivo&isnym 3kiidcim ve sklenicich v Evrop&
vyuziva pét druhlG dravych plostic rodu Orius: O. insidiosus (Say), O. laevigatus (Fieber), O. majusculus (Reuter), O.
minutus (Linnaeus) a O. tristicolor (White). Diskutuje se o vyuZiti daldich druhii: O. albidipennis (Reuter), O. niger
(Wolff), O. sauteri (Poppius), O. tantillus (Motschulsky) a O. vicinus (Ribaut). V ¢lanku je popsan vyskyt, predaéni
schopnosti a moznosti vyuZiti jednotlivych druhi.

biologicka ochrana rostlin; Orius albidipennis; O. insidiosus; O. laevigatus; O. majusculus; O. minutus; O. niger; O.

sauteri; O. tristicolor; O. tantillus; O. vicinus

UVOD

Plostice rodu Orius patfi do ¢eledi Anthocoridae,
kterd zahrnuje vice nez 500 druhi, celosvétové je po-
pséano 70 druhii plodtic rodu Orius (Péricart, 1972).
Hoberlandt (1977) uvédi z izemi Ceské republiky osm
druhii dravych plostic zafazenych do rodu Orius: Orius
agilis (Flor), Orius horvathi (Reuter), Orius laticollis
(Reuter), Orius majusculus (Reuter), Orius minutus
(Linnaeus), Orius niger (Wolff), Orius ribauti Wagner
a Orius vicinus (Ribaut), ale Péricart (1972) potvrzuje,
Ze O. ribauti Wagner je synonymem O. horvathi.
Vyskyt dal§iho druhu Orius laevigatus (Fieber) v na8i
republice doklada Stys (1976). Velikost dospélych je-
dincti rodu Orius se pohybuje od 1,3 mm do 3,0 mm,
samicky jsou o malo vétsi nez samci (Péricart, 1972).

Zajem o dravé plostice vzrostl koncem osmdeséatych
let, kdy byla znovu pozorovéna jejich schopnost
spontdnné osidlovat kulturni plodiny a regulovat popu-
lace $kidct — pievaZng tfdsnének. Schopnost uginné
predace byla u plostic rodu Orius zndma dlouhou dobu;
jiz vroce 1936 popsal Barber predaci dravé plostice
Orius insidiosus (Say) na housenkéach zavijete kuku-
fiéného Ostrinia nubilalis (Hiibner). Aviak ,,znovuob-
jeveni® téchto schopnosti a vzrist jejich vyznamu
spodiva v celkovém zdjmu o biologické metody a ve
vyskytu rezistentnich populaci tfdsn&nky zapadni
Frankliniella occidentalis (Pergande) zejména ve
sklenicich.

Sponténni vyskyt dravych plostic rodu Orius na
sklenikovych kulturach infestovanych tfasnénkami
souvisi s rozvojem biologickych metod v ochrang
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sklenikovych kultur proti $kodlivym organismiim,
s omezenim pouZiti chemickych pfipravki na ochranu
rostlin proti 3kodlivym organismim a s vyuZivanim
selektivngjsich a méné toxickych pesticidli. Napf.
Schreuder a Ramakers (1989) zaznamenali pfirozeny
vyskyt O. majusculus ve sklenicich bez chemického
o¥etieni v Nizozemsku, Orius albidipennis (Reuter) byl
zjidtén ve sklenicich na Kanarskych ostrovech (Es-
tevez, 1990), ve sklenikovych kulturdch v Kanadé se
objevoval Orius tristicolor (White) (Tellier a Steiner,
1990), v Belgii O. niger (Veire, 1992), v Némecku
O. minutus (Lichtenauer a Sell, 1993), v Italii O. hor-
vathi (Tavella aj., 1994). V Ceské republice byl popsan
spontanni vyskyt O. majusculus ve sklenicich
s provadénou biologickou ochranou v kulturich okurek
(Jindra aj., 1991a).

V soudasné dobé se v biologické ochrané rostlin proti
tfasnénkam ve sklenicich v Evropé vyuziva pét druhi
dravych plostic z rodu Orius. V Ceské republice jsou
evidovany tfi druhy dravych plostic z rodu Orius:
O. insidiosus, Orius laevigatus (Fieber) a O. majuscu-
lus, v zapadni Evropé také druhy O. tristicolor a O.
minutus.

Pro mozné vyuZiti v biologické ochrané rostlin se
studuji pfedeviim autochtonni druhy s vy33i Eetnosti
vyskytu v danych oblastech. V palearktické oblasti je
pozornost soustfedéna na druhy O. albidipennis,
0. laevigatus, O. majusculus, O. minutus, O. niger
a O. vicinus, v nearktické oblasti se vétdina autord
zabyva druhy O. insidiosus a Q. tristicolor (White),
v orientalni oblasti jsou studovany pfedev§im druhy
O. sauteri (Poppius) a O. tantillus (Motschulsky).

Orius albidipennis (Reuter, 1884)

O. albidipennis je palearkticky druh s hlavnim vy-
skytem v jiznich stfedomotskych oblastech — je roz-
Sifeny od severni Afriky pfes Egypt, zemé& Blizkého
vychodu az po stfedni Asii. Vyskytuje se také
ve Spanglsku a na Kanéarskych ostrovech (Péricart,
1972). V jiznim Spanélsku je nejpodetn&j¥im druhem
z rodu Orius (Riudavets a Castafné, 1994). Na Kanar-
skych ostrovech se vyskytuje na kukufici v souvislosti
s vyskytem msice kukuficové Rhopalosiphum maidis
Fitch a msice stfemchové Rhopalosiphum padi (L.)
(Carnero aj., 1993). V Izraeli je dileZitym predatorem
tfasnénky zapadni v uborech slune&nic (Chyzik
a Klein, 1995; Chyzik aj., 1995a).

O. albidipennis je perspektivni druh pro vyuziti
v biologické ochrang rostlin pro své §iroké rozsiteni
a vysokou &etnost v agroekosystémech bavinikovych
plantaZi, vysokou preda¢ni aktivitu a schopnost pie-
Zivat urgitou dobu pfi absenci Zivo&i¥né potravy (Salim
aj., 1987). Je vhodny k ochrané sklenikovych kultur,
v pokusech na paprikach uspé&sné redukoval populace
tfdsnénky zdpadni (Carnero aj., 1994).

142

O. albidipennis neni citlivy na fotoperiodu, proto je
navrhovéan pro vyuZiti v biologické ochran& rostlin
b&hem celého roku (Meiracker, 1994) a rovnéz
k introdukci ve sklenicich v severni Evropé (Chyzik
aj., 1995b). Aviak Dissevelt aj. (1995) zjistili, Ze ani
velmi ¢asnd introdukce nezajistila jeho lepSi uplatnéni
ve sledovanych kulturdch ve srovnani s jinymi druhy
rodu Orius. O. albidipennis se spontdnné vytratil z kul-
tury okurek a v dal8ich pokusech v kulturdich melounti,
paprik a jahod sdzenych v 1ét& se huife adaptoval nez
druh O. laevigatus.

Orius laevigatus (Fieber, 1860)

O. laevigatus je druh rozSifeny v zdpadnim palearktu,
vyskytuje se v pfimofskych oblastech, v okoli Stie-
dozemniho mofe, v oblastech zdpadniho pobiezi Evro-
py, na Kanarskych a na Azorskych ostrovech (Péricart,
1972).

Pfeziva v porostu i bez tfasnének pouze na fytofagni
vyZivé — na nektaru a na pylu, dobfe se prizplsobuje
prostfedi sklenikii (Tavella aj., 1991). Je komeréné
produkovéan a nabizen k ochrané sklenikovych kultur
proti t. zdpadni, pfedeviim se doporuéuje do kultur pa-
prik (Tavella aj., 1991, 1994). Usp&snou regulaci popu-
lace t. zdpadni v kulturach paprik zajistila introdukce
1 ks plostice O. laevigatus/rostlinu (Chambers a Long,
1992), 0,5-1 ks plotice/m? (Dissevelt aj., 1995) nebo
tfi introdukce 1,2 ks ploitice/m’ (pfiblizné 0,6 plotice/
rostlinu) (Santonicola a Milone, 1998).

Dobré vysledky jsou zjistovany pfi introdukci plostic
O. laevigatus do kultur jahod (Villevielle a Millot,
1991; Frescata a Mexia, 1995, 1996). V jahodach
sazenych v 1ét& byla populace tfasnének dostatedné
redukovéna introdukci 3,4 ks plostice/m’ (Dissevelt aj.,
1995), doporucuje se zde také spole¢né vyuZiti s dra-
vym roztoem A. cucumeris (Benuzzi, 1992). V kul-
turach melount stadily zajistit regulaci populace
trasnének dvé preventivni introdukce 0,5 ks plostice/m?
(Dissevelt aj., 1995), podobné Baraja aj. (1996) dopo-
ruduji do kultur melounii introdukei 1 ks plo§tice/m’.
Dravou plostici O. laevigatus je moZné také isp&sng
vyuzit v ochrané kultur lilku proti t. zépadni a t. za-
hradni (Tommasini aj., 1997).

Méné uspokojivé pouziti dravé plostice O. laevigatus
proti t. zépadni bylo zaznamenéno v kulturach gerber
(Castellani a d’Agliano, 1995). Plostice O. laevigatus
se neosvé&d¢ila v pokusech proti tfdsnénkdm na
okurkach (Chambers a Long, 1992; Chambers aj.,
1993; Chat-Locussol aj., 1998). Diivodem netsp&chu je
pravdépodobné rozptyleni tfasnének po celé rostling
a malé mnoZstvi tvofeného pylu, ktery plostice potie-
buji jako alternativni potravu pfi niZ§i hustoté tfas-
nének (Chambers aj., 1993). Naopak Dissevelt aj.
(1995) dokumentuji schopnost dravé plostice O. laevi-
gatus regulovat populaci t. zapadni v kulturdch okurek
i pfi nizké hustoté populace, aviak uspé&sna byla pouze
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kurativni introdukce. Redukci tfasnének zajistila
introdukce celkem 3 ks plostic/m? (dvakrét 1,5 ks plos-
tic/m® v intervalu 14 dn).

Pfi srovnani s dal§imi druhy rodu Orius (O. albi-
dipennis, O. insidiosus a O. majusculus) vykazoval
druh O. laevigatus nejrychlejsi vyvoj a adaptaci v kul-
turdch melound, jahod sazenych v 1ét&, paprik i okurek,
coZ se projevilo nejlepsi regulaci populace t. zapadni
a eliminaci druhll O. insidiosus a O. albidipennis pti
spole¢né introdukci v kulturdch melount i paprik
a druhu O. insidiosus v kulturdch jahod sazenych
v 1ét& (Dissevelt aj., 1995).

Pouziti O. laevigatus je nevhodné v kulturdch rajéat,
plostice se zde nejsou schopné rozmnoZovat (Riudavets
aj., 1993).

Orius majusculus (Reuter, 1879)

0. majusculus je bézny druh vyskytujici se v celé
sttedni Evrop& od Francie aZ po jiZni Skandindvii,
v Rusku je znamy jeho vyskyt mezi Volhou a Kavka-
zem. Vyskytuje se také ve stfedni Asii (Péricart, 1972).
Casto se objevuje ve velkych podtech na riiznych by-
linach a dfevindch (Péricart, 1972). Napad4 mnoho
druhti drobnych ¢&lenovei, je popsan jako predator
nymf a dospélcil t. zapadni ve sklenicich i v polnich
podminkach (Trottin-Caudal aj., 1991). Uginné napada
také msSice (Jindra aj., 1991b; Brodsgaard a Enkegaard,
1995; Kabitek a Hejzlar, 1996). V sadech hrusni byl
tento druh dravé plostice Casto nachézen jako predator
mery skvrnité Psylla pyri (L.) (Scutareanu aj., 1993;
Sarasta aj., 1994), avSak Chen aj. (1993) nezjistili jeho
vyrazny vliv na tohoto skidce.

Dobrou uéinnost O. majusculus proti t. zadpadni na
okurkach ve sklenicich popsal Trottin-Caudal aj.
(1991), nejlepsi vysledky byly zjistény pii introdukei
v poméru 1 plostice na 100 tfdsnének pfi polatecni
hustot® 10 tfasnének na list. Fischer aj. (1992) doku-
mentuji jeho uspé$né pouziti v kulturdch paprik
i okurek, naopak pfiochrané kultur rajéat se
neosvéd&il. Vyuziti O. majusculus je také limitovéno
kratkou fotoperiodou, pfi ¢asném jarnim vypusténi se
ve skleniku neudrzi, protoZe sami¢ky vstupuji do dia-
pauzy (Meiracker, 1994; Fischer aj., 1992).

Metodu introdukce O. majusculus do sklenikovych
kultur paprik a okurek formuloval Jacobson (1993). Do
paprik doporutuje &asn& na jafe introdukci 3-5 ks
dravé plostice/m?, nasleduje za 2—4 tydny introdukce
1,5 ks dravé plostice/m’ a pti prvnim vyskytu t. zapadni
(od zadatku kvétna) 0,5 ks dravé plostice/m*. Do
okurek a lilku doporuduje ¢asné na jafe 5-10 ks dravé
plostice/m’, néasleduje za 2-4 tydny introdukce 1-2 ks
dravé plostice/m’a v sezon& p¥i prvnim vyskytu t. za-
padni 2-3 ks dravé plostice/m’. Pro udrZeni plostic
v porostu brzy na jafe je nutné pfisvétlovat. Nejvhod-
néjsi Cas introdukce je brzy rdno nebo pozdé veder
z divodu omezeni uletu plostic ze skleniku. Pfi vétsi
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populaéni hustoté na rostlindch okurek byly plostice
O. majusculus schopny udrZet pod kontrolou i msici
bavlnikovou Aphis gossypii (Glover). Vyrazn& niZsi
pocty introdukovanych plostic O. majusculus vedouci
k regulaci t. zdpadni v kulturdch okurek zjistili Disse-
velt aj. (1995), kurativng& stadilo vypusténi celkem
3 ks plogtic/m? (dvakrat 1,5 ks plodtic/m’ v intervalu
14 dnt), preventivni introdukce selhala.

Strategii ,.keep-down* pfi p&stovani hrnkovych gerber
popsal Brodsgaard (1995). Jedna se o metodu nékoli-
kanésobného profylaktického vypousténi predatori.
Plostice jsou introdukovény kratce po pfesazeni gerber
v mnoZstvi 1 ks dravé plostice/m?, dalsi introdukce
zatinaji po 14 dnech a jsou opakovany kazdy tyden ve
stejném mnozstvi 1 ks dravé plostice/m? podle délky
péstovéni Sestkrat aZ sedmkrat. Tato metoda zaji§t'uje,
Ze populace t. zdpadni nepfesdhne hladinu ekonomické
skodlivosti; rostliny nejsou zjevné poskozeny.

Brodsgaard a Enkegaard (1995) popisuji introdukci
dravé plostice O. majusculus na hrnkové gerbery za
soucasného pouZivéni dalSich bioagens — dravé bejlo-
morky Aphidoletes aphidimyza (Rondani) a dravého
roztoée Phytoseiulus persimilis Athias-Henriot.
Pocéteéni pomér 1 : 150 (O. majusculus : F. occidenta-
lis) byl redukovan b&hem &tyf aZ Sesti tydnli na méné
neZ jednu tfasnénku na list., Efektivita plo3tic neni
sniZovana dalSimi bioagens, naopak pfi nedostatku po-
travy jsou vyuZzivéna jako alternativni zdroj potravy
a prispivaji k udrZeni plostic v kultufe. Autofi doku-
mentuji vyrazny aphidofagni efekt O. majusculus,
uc¢innou regulaci msice bavlnikové zjistovali béhem
celého péstebniho obdobi.

O. majusculus je komeréné produkovén, jeho pouZiti
proti tfasnénkdm ve sklenicich patfi mezi standardné
pouzivané metody biologické ochrany rostlin.

Orius minutus (Linnaeus, 1758)

O. minutus je velmi rozsifeny palearkticky druh,
vyskytuje se v Evropg, pies zdpadni Rusko a vychodni
Turecko az po Cinu a Sibif. V oblasti Stfedozemi se
nachdzi ménég, jeho vyskyt je potvrzen i v severni Af-
rice (Péricart, 1972). Byl introdukovan do zdpadni ¢asti
Severni Ameriky, av§ak pfesné udaje &asto chybg&ji
z diivodu taxonomické zamény s dal§imi druhy rodu
Orius (Lattin aj., 1989).

O. minutus vykazuje silné preference pro tfasnénky,
vysava viechna jejich stadia, pokud se nevyskytuji
v piidé (Ramakers, 1978). Hojny vyskyt byl zjiitén
v jablofiovych sadech s programem integrované ochra-
ny rostlin (IOR) ve Svycarsku (Sechser aj., 1984), také
Vogt (1992) uvédi tento druh jako hlavniho predatora
v jablofiovych sadech s IOR. V Némecku byl zazna-
menan jeho spontdnni vyskyt ve sklenicich, kde kromé
tfasnének napadal i miice (Liittge a Sell, 1994). Dobré
predaéni schopnosti proti t. zdpadni potvrdili Lich-
tenauer a Sell (1993). Ito a Nakata (1998) zjistili, Ze
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70 % samiéek O. minutus nevstoupilo do diapauzy
v podminkéch kratkého dne (11 h svétlo/13 h tma),
kdyZ byli tito jedinci vystaveni v pribéhu nymfélniho
vyvoje dlouhodenni fotoperiodé (16/8 h). Za téchto
podminek autofi uvaZuji o moZnosti jejich vyuZiti
v zimnich mésicich.

O praktickém vyuziti O. minutus existuje doposud
malo Udajt, av8ak v zédpadni Evropé je jiz zafazen do
metod biologické ochrany sklenikovych kultur.

Orius niger (Wolff, 1811)

O. niger je rozdifeny v celé vychodopalearktické
oblasti, hojné se vyskytuje v Evropé od Francie po
Rusko, nachazi se i v severni Africe, na Kandrskych
ostrovech, na Blizkém a Stfednim vychodé (Péricart,
1972). Je dilezity v biologické ochrané proti tfadsnénce
zahradni Thrips tabaci Lind. a m$ici bavinikové
v kulturach lilku a v tykvovitych kulturdch (Cucurbita-
ceae) (Akramovskaya, 1978). Greathead (1976) pred-
pokladal, Ze by druh O. niger mohl byt vhodné
bioagens pro ochranu sklenikovych kultur proti tfas-
nénkam. Veire a Degheele (1992) zjistili ve srovnani
s plostici O. insidiosus jeho lep8i adaptaci ve sklenicich
na kulturdch paprik. AvSak pro jeho vysokou mortalitu
v laboratornich chovech, del$i dobu preimaginalniho
vyvoje a pro jeho nizkou trovefi kladeni vaji¢ek je
druh O. niger méné vhodny pro masové chovy (Tom-
masini a Nicoli, 1993, 1994).

Orius vicinus (Ribaut, 1923)

O. vicinus se vyskytuje v celé Evropé az po Makedo-
nii (Wagner, 1967), v roce 1991 byl objeven také na
Novém Zélandé, kam byl introdukovan neznamym
zpiisobem (Wearing a Lariviere, 1994). Je velmi
podobny druhu O. minutus (Wagner, 1952). Objevuje
se v jablonovych sadech, Zivi se pfevazné sviluskami,
ale i dalsimi roztoci véetné dravych roztocl Typhlodro-
mus pyri Scheuten a Amblyseius finlandicus (Oude-
mans) (Heitmans aj., 1986). Fauvel (1974) uvadi, Ze
napada v jablofiovych sadech sviluiky i mgice, aviak
Heitmans aj. (1986) zjistili nevhodnost m3ice
jablotiové Aphis pomi (De Geer) jako kofisti pro jeho
vyvoj. Duso a Girolami (1982) sledovali zavislosti
mezi vyskytem svilulek a druhii O. vicinus a O. majus-
culus ve vinicich v severni Itlii; konstatuji jejich podil
na sniZovani hustoty populace svilu$ky ovocné
Panonychus ulmi (Koch), av8ak O. vicinus je v téchto
podminkach pravdépodobné negativné ovliviiovan
vysokymi teplotami, a proto se zde uplatiiuje pievazné
aZ koncem léta. Tento druh dravé plostice se v ochrané
proti tfasnénkam ve sklenicich neuplatiiuje.
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Orius insidiosus (Say, 1832)

O. insidiosus je nearkticky druh hojné rozsifeny
v riuznych agrocen6zach. Je to prvni a nejvice studova-
ny druh rodu Orius, ktery se dostal do stfedu z4jmu.
Spoleéné s dravou tfdsnénkou Leptothrips mali (Fitch)
a dravym slunétkem huiidékem sviluskovym Stethorus
punctillum Weise patfi mezi nejdilezitéjsi predato-
ry v jablotiovych sadech (Parella aj., 1978). Napada
v nich pfedev§im svilu§ky, mSice, vysava téz vajicka
obalete jable¢ného Cydia pomonella (L.) (Parella aj.,
1981; McCaffrey a Horsburgh, 1986a). V ovocnych sa-
dech je u¢innym predatorem roztoéi, ale je schopny
rychle kolonizovat i jiné kultury a napadat dalsi $kidce
(McCaffrey a Horsburgh, 1986b). V polnich kulturich
je dulezitym predatorem vajiek a prvnich larvélnich
stadii $kodlivych motylli, na séjovych plantdZich
v USA pfedstavoval 55 % z celkového poétu viech
predatort, v kulturach &iroku reprezentoval dokonce
94 % z celkového poctu viech predatorti (Jacobson
a Kring, 1995). V polnich podminkdch se vyskytuje
v ohniscich nebo ma tendenci shlukovat se, coZ plati
vice pro nymfy neZ pro dospélce (Bechinski a Pedigo,
1981).

Prvni uspéchy s vyuzitim dravé ploStice O. insidiosus
v boji proti tfdsnénkam ve sklenicich byly zazna-
mendny pfi introdukci do kultur paprik (Ramakers
a Meiracker, 1990). Meiracker a Ramakers (1991)
potvrzuji Gspénost plostic O. insidiosus v ochrané kul-
tur paprik proti t. zdpadni, kdyZ introdukovani jedinci
(2 ks dravé plostice/rostlinu, pfiblizné 6 ks dravych
plostic/m?) vyznamné redukovali populaci tfasnének
pfi jejich vysoké hustoté (36 tfasnének/rostlinu) béhem
tii tydni. Vyrazné nizsi pocet introdukovanych jedincii
0. insidiosus 0,5-1 ks plo§tice/m® pfi ochran& kultur
paprik proti t. zdpadni doporuduje Dissevelt aj. (1995),
podobné v kulturdch melouni stadila potladit populaci
tfasnének introdukce 0,5-1 ks plostice/m® Uspéiné
pouZivani dravych plostic O. insidiosus proti t. zapadni
na paprikdch ve sklenicich v Belgii a Nizozemsku po-
pisuji také Veire a Degheele (1993).

Dostateénou ochranu proti tfdsnénkdm zajistila in-
trodukce dravé plostice O. insidiosus do kultur skleni-
kovych chryzantém (Fransen a Tolsma, 1992; Fransen
aj., 1993). Naopak Gargani (1993) usp&$nou regulaci
tfasnének introdukovanymi plosticemi O. insidiosus
v kulturdch chryzantém nezaznamenal, biologicka
ochrana rostlin proti t. zdpadni byla v tomto pokusu
draz§i nez konvenéni chemicka ochrana. Slibné jsou
viak podle stejného autora vysledky pokusi introdukce
plodtic O. insidiosus do kultur gerber. Beekman aj.
(1991) zjistili $patnou adaptabilitu plostice O. insidio-
sus v kulturdch riiZi, autofi konstatuji nevhodnost jejich
pouZiti do této kultury. Podobn& Fransen aj. (1993)
zaznamenali selhani introdukce dravé plostice O. insi-
diosus do kultur riiZi, Gsp&$nou regulaci populace t. za-
padni pozorovali v kulturach saintpaulii.
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V kombinaci s dravym roztotem A. cucumeris také
uginné reguluji populace t. zdpadni na rostlindch Ger-
bera sp., Impatiens sp., Brachyscome sp. a Saintpaulia
sp. (Sérensson a Nedstam, 1993). Také na paprikach
bylo dosaZeno u&inné&j§i ochrany proti t. zdpadni
soucasnym uzitim dravé plostice O. insidiosus
a dravého roztole A. cucumeris neZ samostatnou in-
trodukei téchto bioagens (Ramakers a Meiracker, 1992;
Ramakers, 1993). Pfi skladovéni hliz gladiol jsou plo3-
tice O. insidiosus schopny regulovat tfdsnénku Taenio-
thrips simplex (Morison); mohou byt introdukovény ve
formé vaji¢ek nakladenych do fazolovych luskii. Kom-
binace s dravym roztodem Amblyseius barkeri (Hug-
hes) zde nezajistila u¢inn&j§i ochranu neZ samostatné
uziti plostic (Conijn, 1993).

Dravé ploStice O. insidiosus se komeréné mnozi
a prodévaji také v Evropé. Pfes jejich nesporné kvality
v boji proti tfasnénkam je jejich Gsp&Snost v nékterych
pfipadech ve srovnéani s autochtonnimi druhy niZzsi.
Veire a Degheele (1992) zaznamenali pfi souasné in-
trodukei plostic O. insidiosus a O. niger do kultur pa-
prik ve skleniku, Ze ke konci vegetace byla populace O.
insidiosus vytésnéna populaci O. niger. Podobné& Fejt
(1997, ustni sdéleni) sledoval nahrazeni introdukované
plostice O. insidiosus v kulturdch okurek druhem O.
majusculus, ktery se do skleniku dostal pfirozené
z vnéjsiho prostiedi. Neschopnost udrzet se ve skleniku
v kulturach okurek (na rozdil od O. laevigatus a O. ma-
Jjusculus) popsali Dissevelt aj. (1995). Také v kulturach
melountl, v jahodach sazenych 1€t€ i v paprikach zjistili
uplnou eliminaci O. insidiosus druhem O. laevigatus.

Orius tristicolor (White, 1879)

O. tristicolor je nearkticky a neotropicky druh s hlav-
nim rozsifenim v severni Americe (Kelton, 1963).
Vyrazné preferuje tfasnénky pred jinou potravou (Van-
denbosch a Hagen, 1966; Hollingsworth a Bishop,
1982). Populadni dynamika O. tristicolor kopiruje po-
pulaéni dynamiku tfasnének tésnéji nez dalsi polyfagni
predatofi (Stoltz a Stern, 1978). Salas-Aguilar a Ehler
(1977) zjistili v 90 % vzorkd vyskyt dravé plostice O.
tristicolor v ptitomnosti t. zdpadni a téméf ve tretiné
vzorki se Q. tristicolor vyskytoval v pfitomnosti jiné
potravy (svilusky a m3ice).

Vyskyt O. tristicolor na chmelu pfispivad k omezeni
populace msice chmelové Phorodon humuli (Schrank)
(Campbell a Cone, 1994). Kolonizuje ¢asnéji a rychleji
smigené kultury na rozdil od pomalejsi kolonizace
monokultur (Letourneau a Altieri, 1983; Letourneau,
1990). Kanibalismus ztéZuje masové chovy, v pfirod-
nich podminkéch se zd4 byt limitujicim faktorem kon-
centrace nymf predatora (Askari a Stern, 1972).

Ochrana proti tfasnénkdm v kulturdch okurek ve
sklenicich (0,4 ha, 3000 rostlin, Kanada) byla tspésna
introdukci v poméru 1 plostice/rostlinu. Vyhodou uZiti
tohoto bioagens pii p&stovani okrasnych hrnkovych
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rostlin nebo pfi zdhonovém zpiisobu péstovani ve
sklenicich je snadné setfeseni predatora z rostlin, O.
tristicolor proto nemusi byt reintrodukovén pfi zmé&ng
kultury (Gilkeson aj., 1990). Drava plostice O. tristi-
color je vhodna k ochrang sklenikovych kultur okurek
a paprik proti tfdsnénkam, je efektivn&jsi nez pou-
Zivany dravy rozto& A. cucumeris, protoZe na rozdil od
A. cucumeris napada i dospélce tfdsnének. Hojné se
vyskytuje v kvétech, kde se také soustfed'uji dospélé
trasnénky (Higgins, 1992).

Pouziti dravé plostice O. tristicolor je kompatibilni
s dravym roztofem 4. cucumeris; spoletné uginné re-
guluji populace tfdsnének ve sklenicich (Tellier a Stei-
ner, 1990). Také Gillespie a Quiring (1992) podporuji
spole¢né vyuZiti obou bioagens. V laboratornich poku-
sech zjistili, Ze na listu fazolu s vy33i hustotou tfas-
nének vyrazné klesla predace O. tristicolor na A. cu-
cumeris. Ob& soutasné uzitd bioagens tak mohou
spole¢né (¢inné redukovat populaci tfasnénky. Dospél-
ci dravych plostic O. tristicolor jsou pohyblivéjsi nez
dravi rozto¢i a po sniZeni populani hustoty tfdsn&nek
mista bez kofisti opoustéji. Zbyli dravi roztogi
zabrafiuji obnové populace tfasnének a nymfy plostic
na nich mohou dokonéit sviij vyvoj.

V soucasné dobé se jiz tento druh komeréné€ mnoZi
a prodava také v zapadni Evropé.

Orius sauteri (Poppius, 1909)

Druh rozsiteny v Japonsku, Koreji, Cing&, Rusku a na
Dalném vychodé (Yasunaga, 1993). Je Ginnym preda-
torem tfasnénky Thrips palmi Kamny pfi integrovaném
zplisobu péstovani lilku v polnich podminkéach, ma
dobré predpoklady pro zaglenéni do systémt biolo-
gické ochrany rostlin ve sklenicich (Nagai, 1993; Ohno
a Takemoto, 1997; Nagai a Yano, 1999). Je také
dileZitym predatorem msic v kulturach brambor (Na-
kata, 1994, 1995); autor dokumentuje dobré predaéni
schopnosti plostice O. sauteri proti nymfam i dospél-
cim msic, pfedev§im proti m$ici bavinikové a msici
broskvoniové Myzus persicae (Sulzer). Velkou preda¢ni
aktivitu O. sauteri zjistil Wang (1995) v laboratornich
podminkach. Dospélé samicky dravé plostice spotie-
bovaly do konce Zivota primémé 500 svilusek Tetrany-
chus kanzawai Kishida nebo 228 tfasnének T. palmi,
samedci 380 sviluek nebo 160 trasnének.

V pokusech regulace populace tfasnénky T. palmi
v kulturach paprik byly sp&$né dvé introdukce
v davce 5 plostic O. sauteri/rostlinu v intervalu dvou
tydnii, prvni introdukce byla uskutednéna tieti den po
vysadbé rostlin (Kurogi aj., 1997). Schopnost O. sau-
teri vyrazné zvysit predac¢ni aktivitu pfi nadbytku po-
travy dokumentuji Nakashima a Hirose (1999).
Samiéky O. sauteri kladou za téchto podminek vétsi
podet vajicek, aviak délka jejich Zivota se zkracuje.
Kohno (1998) navrhuje vyuziti tohoto druhu ve
sklenicich v boji proti tfdsnénkdm i v zimnich
mésicich. Z vysledkd jeho pokusti vyplyvd mozZnost
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zabranit indukci diapauzy za kratkého dne zvySenim
teploty na 26 °C.

Orius tantillus (Motschulsky, 1863)

O. tantillus je perspektivni polyfagni predator vysky-
tujici se v celé indopacifické oblasti (Yasunaga a Miya-
moto, 1993). V kulturach ryZe v jizni Cin& Gsp&iné
vysava tfasnénky a vajicka $kodlivych motyli (Chang
a Lim, 1985). Na Filipindch je dilezity predator tias-
nénky 7. palmi v kulturach melouni; v laboratornich
pokusech sami&ky dravych plostic b&hem celého Zivo-
ta usmrtily prim&mé 228 tfasnének T. palmi, samecci
205 ttasnének (Mituda a Calilung, 1989).

Pfi nadbytku tfdsnének kladou samicky dravé plostice
O. tantillus méné vajicek nez samicky O. sauteri (Na-
kashima a Hirose, 1999). Drava plostice O. tantillus
neupadé do diapauzy ani za kratkodenni fotoperiody, je
proto navrhovéana pro vyuziti v boji proti 7. palmi ve
sklenicich i b&hem zimnich mésici (Nakashima a Hi-
rose, 1997).

LITERATURA

Akramovskaya E. G. (1978): The biology of some predatory
bugs of the family Anthocoridae in the conditions of the
Ararat valley in Armenia. Biol. Z. Arm., 31, 959-964.

Askari A., Stern V. M. (1972): Biology and feeding of Orius
tristicolor (Hemiptera: Anthocoridae). Ann. Entomol. Soc.
Am., 65, 96-100.

Baraja M. J., Gonzales S., Montalban C. (1996): Manejo inte-
grado en cultivo de melon entutorado bajo invernadero.
Horticultura, Revista de Hortilizas, Flores y Plantas Orna-
mentales, /73, 29-32,

Barber G. W. (1936): Orius insidiosus (Say), an important nat-
ural enemy of the corn earworm. USDA Tech. Bull,, 504.
Beekman M., Fransen J. J., Oetting R. D., Sabelis M. W.
(1991): Differential arrestment of the minute pirate bug Ori-
us insidiosus (Say) (Hemiptera: Anthocoridae) on two plant

species. Med. Fac. Landbouww. Univ. Gent, 56, 273-276.

Bechinski E. J., Pedigo L. P. (1981): Population dispersion
and development of sampling plants for Orius insidiosus
and Nabis spp. in soybeans. Envir. Ent., /0, 956-959.

Benuzzi M. (1992): La difesa biologica — integrata della
fragola. Informatore Agrario, 48, 53-57.

Brodsgaard H. F. (1995): “Keep-down”, a concept of thrips bi-
ological control in ornamental pot plants. In: Thrips biology
and management, Edited by Parker et al., Plenum Press,
New York, 221-224.

Brodsgaard H. F., Enkegaard A. (1995): Interactions among
polyphagous anthocorid bugs used for thrips control and
other beneficials in multi-species biological pest manage-
ment systems. Med. Fac. Landbouww. Univ. Gent, 60, 893—
900.

Campbell C. A. M., Cone W. W. (1994): Influence of preda-
tors on population development of Phorodon humuli (Ho-
moptera: Aphididae) on hops. Envir. Ent., 23, 1391-1396.

146

Carnero A., Pefia M. A., Pérez-Padrén F., Garrido C., Hernén-
dez-Garcia M. (1993): Bionomics of Orius albidipennis and
Orius limbatus. Bull. IOBC/WPRS, 16, 27-30.

Carnero A., Pefia M. A., Pérez-Padron F., Hernandez-Garcia
M., Torres del Castillo R., Garrido C. (1994): Preliminary
results for the biological control of Frankliniella occidenta-
lis on sweet pepper in Canary Islands. Bull. IOBC/WPRS,
17, 147-152.

Castellani M., d'Agliano G. (1995): Gerbera, lotta biologica
contro Tetranychus e tripidi. Colt. Protette, 24, 75-81.

Conijn C. G. M. (1993): Biological control of the gladiolus
thrips Taeniothrips simplex on gladiolus corms in storage
rooms with Amblyseiulus barkeri and Orius insidiosus.
Med. Fac. Landbouww. Univ. Gent, 58, 391-396.

Dissevelt M., Altena K., Ravensberg W. J. (1995): Compari-
son of different Orius species for control of Frankliniella
occidentalis in glasshouse vegetable crops in the Nether-
lands. Med. Fac. Landbouww. Univ. Gent, 60, 839-845,

Duso K., Girolami V. (1982): Ruolo degli Anthocoridi nel
controllo del Panonychus ulmi Koch nei vigneti. Boll. En-
tom. Bologna, 37, 157-169.

Estevez M. P. (1990): Frankliniella occidentalis in Canary Is-
lands, 1989. Sting, 10, 10-11.

Fauvel G. (1974): Sur I’alimentation pollinque d’un antho-
coridae prédateur Orius (Heterorius) vicinus Rib. (Hémip-
tere). Ann. Zool.—Ecol. Anim., 6, 245-258.

Fischer S., Linder C., Freuler J. (1992): Biologie et utilisation
de la punaise Orius majusculus Reuter (Heteroptera: Antho-
coridae) dans la lutte contre les thrips Frankliniella occi-
dentalis Perg. et Thrips tabaci Lind. en serre. Revue Suisse
Vitic. Arboric. Hort., 24, 119-127.

Fransen J. J., Tolsma J. (1992): Releases of the minute pirate
bug Orius insidiosus (Say) (Hemiptera: Anthocoridae)
against western flower thrips Frankliniella occidentalis
(Pergande) on chrysanthemum. Med. Fac. Landbouww.
Univ. Gent, 57, 479-484. r

Fransen J. J., Boogard M., Tolsma J. (1993): The minute pi-
rate bug Orius insidiosus (Say) (Hemiptera: Anthocoridae),
as a predator of western flower thrips Frankliniella occiden-
talis (Pergande), in chrysanthemum, rose and saintpaulia.
Bull. IOBC/WPRS, 16, 73-78.

Frescata C., Mexia A. (1995): Biological control of western
flower thrips with Orius laevigatus (Heteroptera: Antho-
coridae) in organic strawberries in Portugal. In: Thrips biol-
ogy management, Ed. Parker et al., Plenum Press, New
York, 249.

Frescata C., Mexia A. (1996): Biological control of thrips
(Thysanoptera) by Orius laevigatus (Heteroptera: Antho-
coridae) in organically-grown strawberries. Biol. Agric.
Hort,, 13, 141-148.

Gargani E. (1993): Possibilita di difesa biologica di crisante-
mo dai tripidi Frankliniella occidentalis (Perg.) e Thrips
tabaci Lind. Colt, Protette, 22, 19-22.

Gillespie D. R., Quiring D. J. M. (1992): Competition be-
tween Orius tristicolor (White) (Hemiptera: Anthocoridae)
and Amblyseius cucumeris (Oudemans) (4cari: Phyto-
seiidae) feeding on Frankliniella occidentalis (Pergande)
(Thysanoptera: Thripidae). Can. Ent., 124, 1123-1128.

ZAHRADNICTVI — HORT. SCIL (PRAGUE), 27, 2000 (4): 141-149



Gilkeson L. A., Morewood W. D., Elliot D. E. (1990): Current
status of biological control of thrips in Canadian greenhous-
es with Amblyseius cucumeris and Orius tristicolor. Bull.
IOBC/WPRS, 13, 71-75.

Greathead D. J. (1976): A review of biological control in
western and southern Europe. C. I. B. C., techn. comm., 7,
52—-64. Glasshouse crops.

Heitmans W. R. B., Overmeer W. P. J., Geest L. P. S. van der
(1986): The role of Orius vicinus Ribaut (Heteroptera: An-
thocoridae) as a predator of phytophagous and predacious
mites in a dutch orchard. J. appl. Ent., 102, 391-402.

Higgins Ch. J. (1992): Western flower thrips (Thysanoptera:
Thripidae) in greenhouses: population dynamics, distribu-
tion on plants, and association with predators. J. Econ. Ent.,
85, 1891-1903.

Hoberlandt L. (1977): Heteroptera. In: Check list enumeratio
incectorum Bohemoslovakie, Narodni muzeum Praha. Acta
Faun. Ent. Mus. Nat. Pragae, /5, Suppl. 4, 61-82.

Hollingsworth C. S., Bishop G. W. (1982): Orius tristicolor
(Heteroptera: Anthocoridae) as a predator of Myzus persi-
cae (Homoptera: Aphididae) on potatoes. Envir. Ent., /1,
1046-1048.

Chambers R. J., Long S. (1992): New predators for biological
control under glass. Phytoparasitica, 20, 57-60.

Chambers, R. J., Long, S., Helyer, N. L. (1993): Effectiveness
of Orius laevigatus (Hem.: Anthocoridae) for the control of
Frankliniella occidentalis on cucumber and pepper in the
UK. Biocontrol Sci. Techn., 3, 295-307.

Chang W. Q, Lim S. J. (1985): Anthocoridae. In: Economic
insect fauna of China, Fasc. 31, Hemiptera 1., Science
Press, Beijing, China, 191-196.

Chat-Locussol L., Rivenez-M. O., Javoy M. (1998): Synthese
de 7 annees & experimentations realisees contre Franklin-
iella occidentalis en serre de concombre. First transnational
workshop on biological, integrated and rational control: sta-
tus and perspectives with regard to regional and European
experiences. Lille, France, 21-23 January 1998, 19-20.

Chen X., D’Arcier F. F., Lenfant C., Sauphanor B. (1993): Ef-
ficacite predatrices de deux punaises anthocorides sur les
psylle du poirier. Med. Fac. Landbouww. Univ. Gent, 58,
427-435.

Chyzik R., Klein M. (1995): Fluctuations of the western flow-
er thrips Frankliniella occidentalis and its predators Orius
spp. on cultivated sunflower in Israel. Med. Fac. Land-
bouww. Univ. Gent, 60, 851-856.

Chyzik R., Ben-Dov Y., Nakache Y., Klein M. (1995a): Asso-
ciation of the western flower thrips (Frankliniella occiden-
talis) with cultivated sunflower (Helianthus annus) in Isra-
el. Phytoparasitica, 23, 147-155.

Chyzik R., Klein M., Ben-Dov Y. (1995b): Overwintering bi-
ology of the predatory bug Orius albidipennis (Hemiptera:
Anthocoridae) in Israel. Biocontrol Sci. Techn., 5, 287-296.

Ito K., Nakata T. (1998): Effect of photoperiod on reproduc-
tive dipause in the predatory bugs, Orius sauteri (Poppius)
and O. minutus (Linnaeus) (Heteroptera: Anthocoridae).
Appl. Ent. Zool., 33, 115-120.

ZAHRADNICTVI - HORT. SCL (PRAGUE), 27, 2000 (4): 141-149

Jacobson R. (1993): Control of Frankliniella occidentalis with
Orius majusculus: experiences during the first full season of
commercial use in the U.K. Bull. IOBC/WPRS, 16, 81-84.

Jacobson D. A., Kring T. J. (1995): Efficacy of predators at-
tacking Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae)
eggs on grain sorghum in the field. J. Ent. Sci., 30, 251—
257.

Jindra Z., Taborsky V., Skoda P. (1991a): Spontaneous occur-
rence of a predatory bug Orius majusculus (Reut.) in glass-
houses. Ochr. Rostl., 27, 207-209.

Jindra Z., Kabigek J., Kazda J. (1991b): Orius majusculus
(Reut) — perspektivni predator (Heteroptera: Anthocoridae).
XIL Cs. konf. o ochrané rostlin v Praze 17.-19. z&¥ 1991,
sbor. ref., 274-275.

Kabi&ek J., Hejzlar P. (1996): Predace Orius majusculus (He-
teroptera: Anthocoridae) na msici jablofiové Aphis pomi
(Sternorrhyncha: Aphididae) na jabloni. Ochr. Rostl., 32,
57-63.

Kelton L. A. (1963): Synopsis of the genus Orius Wolff in
America north of Mexico (Heteroptera: Anthocoridae).
Can. Ent,, 95, 631-635.

Kohno K. (1998): Thermal effects on reproductive diapause
induction in Orius sauteri (Heteroptera: Anthocoridae).
Appl. Ent. Zool., 33, 487—490.

Kurogi S., Nakamura M., Kawasaki Y. (1997): Studies on in-
tegrated control of major insect pests of sweet pepper in
a greenhouse (in Japan). Control of Thrips palmi with 2 spe-
cies of predators, Orius sauteri and Amblyseius cucumeris.
Proc. of the Association for Plant Protection of Kyushu, 43,
106-109.

Lattin J. D., Asquith A., Booth S. (1989): Orius minutus (Lin-
naeus) in north America (Hemiptera: Heteroptera: Antho-
coridae). J. New York Ent. Soc., 97, 409-416.

Letourneau D. K. (1990): Mechanism of predators accumula-
tion in a mixed crop system. Ecol. Ent., 15, 63-69.

Letourneau D. K., Altieri M. A. (1983): Abundance patterns
of a predator, Orius tristicolor (Hemiptera: Anthocoridae),
and its prey, Frankliniella occidentalis (Thysanoptera:
Thripidae): habitat attraction in polycultures versus mono-
cultures. Envir. Ent., 12, 1464-1469.

Lichtenauver A., Sell P. (1993): Erbeutung verschiedener Ent-
wicklungsstadien des Western Flower Thrips durch Adulte
von Orius minutus (Heteroptera: Anthocoridae). Med. Fac.
Landbouww. Univ. Gent, 58, 397-407.

Liittge H., Sell P. (1994): Zur Beuteeignung verschiedener
Blattlausarten fur die rauberische Blumenwanze Orius
minutus (Heteroptera: Anthocoridae). Med. Fac. Land-
bouww. Univ. Gent, 59, 287-295.

McCaffrey J. P., Horsburgh R. L. (1986a): Biology of Orius
insidiosus (Heteroptera: Anthocoridae): a predator in Vir-
ginia apple orchards. Envir. Ent., 15, 984-988.

McCaffrey J. P., Horsburgh R. L. (1986b): Functional re-
sponse of Orius insidiosus (Hemiptera: Anthocoridae) to
the European red mite, Panonychus ulmi (Acari: Tetrany-
chidae), at different constant temperatures. Envir. Ent., 15,
532-535.

147



Meiracker R. A. F. van den (1994): Induction and termination
of diapause in Orius predatory bugs. Ent. Exp. Appl., 73,
127-137.

Meiracker R. A. F. van den, Ramackers P. M. J. (1991): Bio-
logical control of the western flower thrips Frankliniella oc-
cidentalis, in sweet pepper, with the anthocorid predator
Orius insidiosus. Med. Fac. Landbouww. Univ. Gent, 56,
241-249.

Mituda E. C., Calilung V. J. (1989): Biology of Orius tantillus
(Motschulsky) (Hemiptera: Anthocoridae) and its predatory
capacity against Thrips palmi Kamny (Thysanoptera: Thripi-
dae) on watermelon. Philip. Agric., 72, 165-184.

Nagai K. (1993): Integrated control of Thrips palmi Karny on
eggplants in open field with Orius sauteri Poppius. Bull.
IOBC/WPRS, 16, 117-120.

Nagai K., Yano E. (1999): Effects of temperature on the devel-
opment and reproduction of Orius sauteri (Poppius) (He-
teroptera: Anthocoridae), a predator of Thrips palmi Karny
(Thysanoptera: Thripidae). Appl. Ent. Zool., 34, 223-229.

Nakashima Y., Hirose Y. (1997): Winter reproduction and
photoperiodic effects on diapause induction of Orius tantil-
lus (Motschulsky) (Heteroptera: Anthocoridae), a predator
of Thrips palmi. Appl. Ent. Zool., 32, 403-405.

Nakashima Y., Hirose Y. (1999): Effects of prey availability
on longevity, prey consumption, and egg production of the
insect predators Orius sauteri and O. tantillus (Hemiptera:
Anthocoridae). Ann. Ent. Soc. Am., 92, 537-541.

Nakata T. (1994): Prey species of Orius sauteri (Poppius)
(Heteroptera: Anthocoridae) in a potato field in Hokaido,
Japan. Appl. Ent. Zool., 29, 614-616.

Nakata T. (1995): Population fluctuations of aphids and their
natural enemies on potato in Hokaido, Japan. Appl. Ent.
Zool., 30, 129-138.

Ohno K., Takemoto H. (1997): Species composition and sea-
sonal occurrence of Orius spp. (Heteroptera: Antho-
coridae), predacious natural enemies of Thrips palmi (Thy-
sanoptera: Thripidae), in eggplant field and surrounding
habitats. Appl. Ent. Zool., 32, 27-35.

Parella M. P.,, McCaffrey J. P, Horsburgh R. L. (1978): Popu-
lation dynamics of some predators and their prey in Virginia
apple orchards. Va. J. Sci., 29, 44.

Parella M. P., McCaffrey J. P., Horsburgh R. L. (1981): Popu-
lation trends of selected phytophagous arthropods and pred-
ators under different pesticide programs in Virginia apple
orchards. J. Econ. Ent., 74, 492-498.

Péricart J. (1972): Hémiptéres: Anthocoridae, Cimicidae et
Microphysidae de T'Ouest Palearctique. In: Faune de I'Euro-
pe et du bassin Méditerranéen. Paris, 1-402.

Ramakers P. M. J. (1978): Possibilities for biological control
of Thrips tabaci Lind. (Thysanoptera: Thripidae) in glass-
houses. Med. Fac. Landbouww. Univ. Gent, 43, 463-469.

Ramakers P. M. J. (1993): Coexistence of two thrips preda-
tors, the anthocorid Orius insidiosus and the phytoseiid Am-
blyseius cucumeris on sweet pepper. Bull. IOBC/WPRS, 16,
133-136.

Ramakers P. M. J., Meiracker R. A. F. van den (1990): Cali-
fornische trips prima bestreden door Orius. Groenten en
Fruit, 46, 44—45.

148

Ramakers P. M. J., Meiracker R. A. F. van den (1992): Biolog-
ical control of western flower thrips with predatory mites
and pirate bugs: can two do better than one? Annual Report
1991 of DLO Research Institute for Plant Protection,
Wageningen: 9-21.

Riudavets J., Castané C. (1994): Abundance and host plant
preferences for oviposition for Orius spp. (Heteroptera: An-
thocoridae) along the Mediterranean coast of Spain. Bull.
IOBC/WPRS, 17, 230-236.

Riudavets J., Gabarra R., Castané C. (1993): Frankliniella oc-
cidentalis predation by native natural enemies. Bull. IOBC/
WPRS, 16, 137-140.

Salas-Aguilar J., Ehler L. E. (1977): Feeding habits of Orius
tristicolor. Ann. Ent. Soc. Am., 70, 60-62.

Salim M., Masud S. A., Khan A. M. (1987): Orius albidipen-
nis (Reut.) (Hemiptera: Anthocoridae) — a predator of cot-
ton pests. Philipp. Ent., 7, 3742,

Santonicola L., Milone M. (1998): Esperienze di lotta al tri-
pide Frankliniella occidentalis (Perg.) su peperone. Infor-
matore Agrario, 54, 98-100.

Sarasta M. J., Sola N., Artigues M., Avilla J. (1994): The role
of Anthocoridae in the dynamics of Cacopsylla pyri popula-
tions in a commercial orchard without pesticides. Bull.
IOBC/WPRS, 17, 138-140.

Scutareanu P., Drukker B., Sabelis M. W. (1993): Migration of
anthocorid bugs to Psylla infested pear trees. Med. Fac.
Landbouww. Univ. Gent, 58, 447-451.

Sechser B., Thueler P., Bachmann A. (1984): Long term re-
sponse of Heteroptera in an apple orchard to different spray
programmes. Mitteilungen der Schweizerischen entomolo-
gischen Gesellschaft, 57, 349-355.

Schreuder R. G., Ramakers P. M. J. (1989): Onverwachte hulp
bij geintegreerde bestrijding. Groenten en Fruit, 45, 28-29.
Sorensson A., Nedstam B. (1993): Effect of Amblyseius cu-
cumeris and Orius insidiosus on Frankliniella occidentalis

in ornamentals. Bull. IOBC/WPRS, 76, 129-132.

Stoltz R. L., Stern V. M. (1978): The longevity and fecundity
of Orius tristicolor when introduced to increasing numbers
of the prey Frankliniella occidentalis. Envir. Ent., 7, 196—
198.

Stys P. (1976): Faunistic records from Czechoslovakia. Acta
Ent. Bohemoslov., 73, 348.

Tavella L., Arzone A., Alma A. (1991): Researches on Orius
laevigatus (Fieb.), a predator of Frankliniella occidentalis
(Perg.) in greenhouses. A preliminary note. Bull. IOBC/
WPRS, /4, 65-72.

Tavella L., Alma A., Arzone A. (1994): Attivitd predatrice di
Orius spp. (Anthocoridae) su Frankliniella occidentalis
(Perg.) (Thripidae) in coltura protetta di peperone. Informa-
tore Fitopatologico, 44, 40-43.

Tellier A. J., Steiner M. Y. (1990): Control of the western
flower thrips, Frankliniella occidentalis (Pergande), with
a native predator Orius tristicolor in greenhouse cucumbers
and peppers in Alberta, Canada. Bull. IOBC/WPRS, /3,
209-211.

Tommasini M. G., Nicoli G. (1993): Adult activity of four
Orius species reared on two preys, Bull. IOBC/WPRS, 16,
181-184.

ZAHRADNICTV{ - HORT. SCI. (PRAGUE), 27, 2000 (4): 141-149



Tommasini M. G., Nicoli G. (1994): Pre-imaginal activity of
four Orius species reared on two preys. Bull. IOBC/WPRS,
17,237-241.

Tommasini M. G., Maini S., Nicoli G. (1997): Advances in
the integrated pest management in protected — eggplant
crops by seasonal inoculative releases of Orius laevigatus.
Advances in Hort, Sci., /1, 182-188.

Trottin-Caudal Y., Grassely D., Trapateau M., Dobelin H.,
Millot P. (1991): Lutte biologique contre Frankliniella occi-
dentalis avec Orius majusculus sur concombre. Bull. IOBC/
WPRS, 17, 138-140.

Vandenbosch R., Hagen K. S. (1966): Predaceous and parasit-
ic arthropods in California cotton fields. Calif. Agric. Exp.
St. Bull., 820, 32.

Veire M. van de (1992): Laboratory methods for testing side-
effects of pesticides on the predatory bug Orius niger Wolff.
Bull. IOBC/WPRS, 15, 89-95.

Veire M. van de, Degheele D. (1992): Biological control of
the western flower thrips, Frankliniella occidentalis (Per-
gande) (Thysanoptera: Thripidae), in glasshouse sweet pep-
pers with Orius spp. (Hemiptera: Anthocoridae). A compar-
ative study between O. niger (Wolff) and O. insidiosus
(Say). Biocontrol Sci. Techn., 2, 281-283.

Veire M. van de, Degheele D. (1993): Control of western
flower thrips, Frankliniella occidentalis with the predator
Orius insidiosus on sweet peppers. Bull. IOBC/WPRS, /6,
185-188.

Villevielle M., Millot P. (1991): Lutte biologique contre
Frankliniella occidentalis avec Orius laevigatus sur fraisier.
Bull. IOBC/WPRS, /4, 57-64.

Vogt H. (1992): Acaricide tests in apple orchards with special
regard to their effects on beneficials and on the apple rust
mite. Acta phytopath. Ent. hung., 27, 659-667.

Wagner E. (1952): Die européischen Arten der Gattung Orius
WHE. (Hem. Het. Anthocoridae). Notul. ent., 32, 22-59.

Wagner E. (1967): Die Tierwelt Deutschlands und der angren-
zenden Meeresteile nach ihren Merkmalen und nach ihrer
Lebensweise, Wanzen oder Heteropteren, 11. Cimicomor-
pha, VEB Gustav Fischer Verlag, Jena, 55 Teil, 86-92.

Wang Ch. L. (1995): Predatory capacity of Campylomma
chinensis Schuh (Hemiptera: Miridae) and Orius sauteri
(Poppius) (Hemiptera: Anthocoridae) on Thrips palmi. In:
Thrips biology management. Ed. Parker et al., Plenum
Press, New York, 259-262.

Wearing C. H., Lariviere M. C. (1994): Otago bugs — a wind-
fall for orchardists. Orchardist N, Z., 67, 54-58.

Yasunaga T. (1993): A taxonomic study on the subgenus He-
terorius Wagner of the genus Orius Wolff from Japan (He-
teroptera, Anthocoridae). Jap. J. Ent., 62, 11-22.

Yasunaga T., Miyamoto S. (1993): Three anthocorid species
(Heteroptera: Anthocoridae), predators of Thrips palmi
(Thysanoptera) in eggplant gardens of Thailand. Appl. Ent.
Zool., 28, 227-232.

Received: 99-05-14

Kontaktni adresa:

Ing. Pavel Hejzlar, Ces.ké zemé&délskd univerzita, Agronomicka fakulta, Katedra ochrany rostlin, 165 21 Praha 6-Suchdol,

Ceska republika

Tel. + 420 2 24 38 26 01, fax + 420 2 20 92 03 12, e-mail: hejzlar@af.czu.cz

Zména publikaéniho jazyka
ve védeckych ¢asopisech
Ceské akademie zem&d&lskych véd

Na zéklad$ doporudeni Vydavatelské rady CAZV bu-
dou od 1. 1. 2001 v asopisu Zahradnictvi (Horticul-
tural Science) publikovany vSechny pfispévky
pouze v angli¢ting.

ZAHRADNICTV{ — HORT. SCI. (PRAGUE), 27, 2000 (4): 141-149

A change of publication language
in Scientific Journals of the Czech Academy
of Agricultural Sciences

As recommended by Board of Publishers of the
Czech Academy of Agricultural Sciences all papers
in Zahradnictvi (Horticultural Science) will be pub-
lished solely in English since 1* January 2001.

149


mailto:hejzlar@af.czu.cz

REJSTRIK ROCNIKU 26 INDEX OF VOLUME 26

PUVODNI PRACE - ORIGINAL PAPERS

Andriamainty F., Stano J., Mi¢ieta K., Barth A., Barthové H., Cizmaérik J.,
Korefiovd M.:

Ddkaz a stanovenie extracelularnej rastlinnej o-galaktoziddzy a perspektivy jej vyuZitia

Identification and determination of plant extracellular 0t-galactosidase ..........coovuererersierereersseserereessansessaens 131
Balik J., Veverka J.:

Separaéni i¢innost reverzni osmézy v modelovych podminkach

Separation efficiency of reverse osmosis under model CONAItiONS ........coveevererrrrerenrnererisererserssnsnsseeseresens 95
Benetka V.:

Genetickd proménlivost po mezidruhové hybridizaci u rodu Weigela Thunb. a jeji vyuziti ve §lechténi

Genetic variability after interspecific hybridization in the genus Weigela Thunb. and its use

for breeding . .....iunansainmmanidinaaiinnaisnmuie it 121
Blazek J., Kare$ova R., Matejsek J., Kra¢mar Z.:

Intenzita kontaminace virem Sarky $vestky (PPV) ve dvou vysadbéch slivoni, které se lisily

odstrafiovanim infikovanych stromi

Rate of contamination by plum pox virus (PPV) in two plum orchards — one with and the other

without removal of INfECted tTEES ....vvuriieriiiiercriiin i b ensnies 1
Golias J., Létal J., Suderlova L.:

Zmény pevnosti odrid jablek v priibéhu zrani na stromé

Changes in firmness of apples during maturation 0N frees ...........cceviuiuiiiirieuiiiiieniinieeesieenssesssesessaesessssnse 41
Golia§ J., Létal J., Suderlova L.:

Meéknuti jablek b&hem zréani na stromé a pfi chladirenském skladovan{

Softening of apples during maturation and cOOlNG StOTAZE ........c.cceererrrermresrereersrrisrresressessrsisseseraressaessasasens 49
Golias J., Létal J., Balik J., Suderlova L.:

Skliziiova zralost odrid jablek odvozena z viceparametrovych indexi latkovych slozek

Maturation of apple cultivars evaluated on the basis of multifactorial indices . 81

Hegediisova A., Hegediis O.:

Kontaminacia pol'nohospodérskych pod a zelenin tazkymi kovmi na juznom Slovensku

Contamination of agricultural soils and vegetables with heavy metals in Southern Slovakia........c.cccccuuc.e. 57
Chod J., Zieglerova J., Joke§ M.:

Porovnani biologickych a imunogennich vlastnosti vybranych viri zelenin pfi riznych zpiisobech

jejich konzervace

Comparison of biological and immunogenic properties of some vegetable viruses

after their preservation by different methods ... 11
Krejzova J.:

Doba kvitnutia a opel'ovacie pomery u vybraného siboru marhdl

Blossoming dates and pollination conditions in a collection of APICOLS ............ccovrerevrrrereernerenerncesisesenenrensenns 7

Kyseldkova M., Golias J.:

Rizené kvadeni révového mostu ovlivnéné teplotou a kvasinkovym kmenem

Controlled fermentation of grape juice influenced by temperature and yeast Strain.............ccceeuerrrenerenens 135
Kyseldkovd M., Veverka J.:

Fermentace révového mostu fizenou teplotou s pouZitim aktivnich suchych vinnych kvasinek

Controlled-temperature fermentation of grape must by active dry Wine yeasts............coovsverrerreseiesinssssenenns 17
Minarovska A., Horéin V.:

Kvalitativne vlastnosti skladovanych novosl'achtencov stolového hrozna

Qualitative properties of stored new breeds of table Grapes ...........ccovvviviiivvnirnn e 91
Petfikova K., Opravilové J., Schubertova V.:

Obsah silice a beta asaronu u puskvorce obecného (Acorus calamus L.) pochazejiciho z riznych

lokalit v Ceské republice

Essential oil and beta asaron contents in the sweet flag (Acorus calamus L.) collected at various

100alHEES i the! CZeCh REPUDIIC, .vuvsvsssrronsss snsessnsrsinasesens rsonexussasussavansnssoaseswssasnves foxsemsanragssnssassna swssansirerossatssss 23

1 ZAHRADNICTV — HORT. SCI. (PRAGUE), 27, 2000 (4): 1-2



Uher J., Kobza F.:

Vzdélena hybridizace svétlice

Distant safflower hybridization .........c.cccceevevvrerererererssisnsinins 126
Vaclavik J.:

Vyslecht&ni nové skupiny miniaturnich jifinek (Dahlia pinnata Cav.)

Selection of a new group of miniature dahlias (Dahlia pinnata Cav.) 99

PREHLEDY - REVIEW ARTICLES

Hejzlar P., Kabicek J.:

Dravé plostice rodu Orius Wolff (Heteroptera: Anthocoridae) v biologické regulaci $kidcit

Predatory bugs of the genus Orius Wolff (Heteroptera: Anthocoridae) in biological control of pests....... 141
Lachman J., Orsdk M., Pivec V.:

Obsah a sloZeni antioxidantl ve vybranych zeleninach a jejich role v lidské vyZivé

Antioxidant contents and composition in some vegetables and their role in human nutrition .............eeeuue. 65
Lachman J., Orsdk M., Pivec V.:

Obsah a sloZeni antioxidantii ve vybranych druzich ovoce a jejich vyznam v lidské vyzivé

Antioxidant contents and composition in some fruits and their role in human nutrition ...........cccccceeveveunnee 103

INFORMACE - INFORMATION

Kalendat akci ISHS

TS HS CAlBOAAT 55 cmmssssassonsssssie e sapsyossn sy s sy ass ¥ 5 s e He s B O T S e SR 56, 140
Lebeda A., Kfistkova E.:

Mezinarodni védecka konference Eucarpia: Listové zelenina *99

International Scientific Conference Eucarpia: Leafy Vegetables "99 ... 29
Lebeda A., Kfistkova E.:

Cucurbitaceae 2000 — VII. konference Eucarpia o genetice a Slechténi tykvovitych
Cucurbitaceae 2000 - the VIIth Eucarpia Meeting on Cucurbit Genetics and Breeding ..........ccccccoevuiiniine 119

RECENZE - BOOK REVIEWS

Lebeda A., Kfistkova E.:
Raymond A. T. George: Produkce osiva a zeleniny
Raymond A. T. George: Vegetable Seed Production....... SRR R VGRS HR R ST SRS SRR 118

NOVE ODRUDY - NEW CULTIVARS
Benedikova D.:

Velita .........
Vemina
Pospi¥ilova D.:
Déra
Opal
DIAMANT. ciocsisssainivsissnvisssenioa 35
DU rosmsndissinnst isses e s e o S e S e s B s 36
Devin S NE SRRSO RS ROAES SA A AV T U e e A ARSI SR AR S e R 37

NEKROLOG - OBITUARY

Val§ikova M.:
Za doc. Ing. Vladimirem Stfelcem, CSc.
Doc. Ing. VIadimir Stfelec, CSo.; dECRASEM. ...iviivississisomssssiosisssssnosinsssssnnisavsssissississs i sosassisivassnsssisssens 39

ZAHRADNICTV{ - HORT. SCI. (PRAGUE), 27, 2000 (4): 1-2



VECNY REJSTRIK

Antioxidanty Indukce mutaci
aronic 103 jifinky 99
&erny rybiz 133 Informace
Zervené hrozny 103 genetika a ¥lechténi 119
hrubky 103 yalendsf akei ISHS 56, 140
jablia 103 yonference EUCARPIA 2,29, 119
n}cmﬁky 103 produkee osiva zeleniny 118
vxs'm‘._ 103 knihy 118
65 tykvovité 119
Aronie umrti doc. Stfelce 39
antioxidanty 103 Jablka
Askorbovi kyselina antioxidanty 103
zelenina 65 deformaéni kfivky 41
ovocné plodiny 103 modul pruz 41
Biologick4 regulace kiideii modul tuhosti 41
dravé plostice 141 odridy 41, g;
Caﬂll‘amuf glaucus M. BIEB. ;enetraénl napéti 41
Slechté 126 pevnost 49, 81
Carthamus tinctorius L. rozpustna suina 81
$lecht&ni 126 Semperfresh 49
Cel skladovéni 49
BE d 65 skliziiové zralost 81
satioxicanty subepidermélni podkozeni 41
Cibule titraéni kyselost 81
antioxidanty 65 zralostni index 81
Cerny rybiz zréni na stromé& 41
antioxidanty 103 Jabloi
Cervend Fena odridy 41
antioxidanty 65 Ztanl 41,49
Cervené hrozny Jifinky
antioxidanty 103 ktizenf 99
mutanty 99
Doba kveteni odriidy 99
meruitky 7 skupina ,rozetky* 99
Dravé plotice §lechténi 99
preda&ni schopnosti 141 virus bronzovitosti rajéete 99
ELISA Kalusov4 Kultura
leniny 1 o-galaktozidiza 131
Enzymy Karotenoidy
a-galaktozidaza 131 ovocr]é plodiny 103
Eschscholtzia californica CHAM. 65
p i kultura 131  Konference
EUCARPIA 2,29,119
E::::l 135 listové zel 29
Fermentace révového mostu Koxtzen'-vace i 1
dynamika zmén 17 o
teplota 17 Korelace
vinné kvasinky 17 meruiika 7
Fruktéza puskvorec obecny 23
vino 135  Kvalita plodi
o-galaktozidéza stolni hrozny 91
aktivace 131  Kvaleni
perspektivni vyuZiti 131 vino 135
Genové zdroje Kvétiny
listové zel 29 jifinky 99
svétlice barvifské 126
Gi‘::: - 135 Mlesiliod 9,126
vzdilend hybridizace 126
Glycerol .
vfno 135 Kyseliny
vino 135
Hrusky
foxi Légivé rostliny
antioxidanty 103 Avoruseal L. 23
1 ZAHRADNICTVI - HORT. SCI. (PRAGUE), 27, 2000 (4): I-V



beta asoron 23 jarni sbér 23
puskvorec obecny 23 obsah silice 23
Lidska vyZiva pod f sbér 3
antioxidanty 65  Rajiata
leni 65 antioxidanty 65
Meruiika Révovy most
antioxidanty 103 kvasinkové kmeny 135
doba kveteni 7 fizené kvaseni 135
korelace 7
nésada kvéta ; TGHe e i
odriidy 79 e
opylovaci poméry 7  Rod Weigela
$nost 7 mezidruhové hybridi 121
L . variabilita 121
Mezidruhovéd 'hybndlnce zakrsly rist 121
okrasné rostliny 121
rod Weigela 121 Rozbory
pudkvorec 23
Mrkev ool 23
antioxidanty 65
Rozpustna sulina
Odrady jablka 81
jablka 81
jablof 41  Selen .
‘meruiika 7,79 ovocné plodiny 103
prasnost 7 leni 65
slivoit 1 Semperfresh
vinné réva 33,91 jablka 49
Okrasné rostliny Skliziiova zralost
biologick4 och 141 jablka 81
dravé plodtice 141 -
dravi roztodi 141 Sl:(;'oﬂ 1
mezidruhové hybridi 121 d‘;‘;ﬁ .
rod Weigela 121 o = { ]
Hlocht&ni 121 P
Opylovaci poméry Stolni‘ hrozny
kvalita 91
meruiiky 7 lochtZni 91
samospradnost 7 odrady 01
Ovogné_plodiny skladovéni 91
anuo_xndanty 103 Substréty
aronic 103 %
¢ obsah Zivin 23
askorbova kyselina 103 Ekvores 3
erny rybiz 103 P
doba kveteni 7  Svétlice barvii'skd
hrusky 103 | 7T PSRN ———— 126
jablka 41, 49, 81, 103 Slechténi 126
korel 7 dalena hybridi 126
meruiika 7 Slechténi
meruiky 3 103 genové zdroje 29
I T listové zel 29
skladovani 49 vinné réva 91
slivoft 1
virové Sarka 1 Teékékovy
: Cd, Pb, Hg 57
vi§n& 103 s
jizni Slovensko 57
Papr.ﬂu. plida 57
antioxidanty 65 leni 57
PetrZel Titradnf kyselost
antioxidanty 65 jablka 81
P?vnnn plodii Tokoferoly
jablka 41 ovocené plodiny 103
méfeni 4] e <5
P“‘!’"’" Vinna réva
slivong 1 &ervené hrozny 103
Polyfenoly odridy 33,91
ovocné plodiny 103 vino
1 65 anionty 95
Pida &ista kultura kvasinek 17
t&2ké kovy 57 etanol 95, 135
” fer 17
Pulkvorec obecny fruktoza 135
beta asoron 23
ZAHRADNICTV{ - HORT. SCI. (PRAGUE), 27, 2000 (4): I-V 1



glukéza 135
glycerol 135
kationty 95
kyseliny 135
organické kyseliny 17
redukujici sacharidy 95
&ni koeficient 95
reverzni 6 95
fizené kvadeni 135
Virovi Jarka
intenzita kontaminace 1
prevence 1
slivong 1
Virové choroby
Jjifinky 99
konzervace virl 11
pfenos 1
slivong 1
Sarka 1
virus bronzovitosti rajcete 99
leniny 11
Viry
inokulace 11
konzervace 11
111

Visn¥
antioxidanty 103
Zelenina
genové zdroje 29
listova 29
§lechténi 29
Zeleniny
antioxidanty 65
celer 65
cibule 65
ELISA 11
mrkev 65
paprika 65
petrZel 65
pida 57
rajéata 65
t&zké kovy 57
virové choroby 11
Zralostni index
jablka 81

ZAHRADNICTVI - HORT. SCI. (PRAGUE), 27, 2000 (4): I-V



SUBJECT INDEX

Acorus calamus L. Deformation curves
asoron t 23 apples 41
Czech Republic 23 De tlow enérgy
An!i?xidants apples 49
fruit crops 103 ELISA
Apples vegetables 11
- 81 Eschscholtzia californica CHAM
antioxidants 103 — ‘s ) 131
cultivars 41 O-g
firmness 41, 49, 81 Ethanol
module of el 81 wine 95
penctration 81 Fermentation
ripening 41,81 dry wine yeasts 17
IORRIIS 49 grape juice 135
. solids 81 p e 17,135
stach index 81 wine 17
storage 49 yeast strains 135
Apricots Flowers
antioxidants 103 biological control 141
blossom set 7 breeding 99, 126
cor 7 dahl 99
cultivars 7,79
self fertility 7 ‘Fraiteropy
self sterility 7 antioxidants 103
time of blossoming 7 apples 41,49, 81,103
time of flowering 7 apmfots 7,79, }g;
aronia
Aronia black currant 103
antioxidants 103 correlati 7
Ascorbic acid cultivars 41,79
fruit crops 103 pears 103
Biological control r;:ma - 10;
flowers 141 grhpe 3 1
A bugs 141 sour cherries 03
p y viruses 1
Black currant <
5 a-galactosidase
antioxidants 103 Califomia poppy 131
Breeding determinati 131
Weigela 121 identification 131
Carotenoids Grape juice
fruit crops 103 fermentation 135
Carrot Grape must
antioxidants 65 fer i 17
Carthamus glaucus M. BIEB. Grapevine
bessding 126 cultivars Y
Carthamus tinctorius L. Heavy metals
breeding 126 agricultural soils 57
Southern Slovakia 57
Celery “5
antioxidants 65 B 57
a Human nutrition
‘:::s ,  entioxidants 65
¥ . Information
Correlations EUCARPIA conference 2,29, 119
sweet flag 23 leafy vegetabl 29
Cultivars Inoculation of virus
apples 41, 49, 81 getabl 1
apricols %79 Medical plants
g;apevmc 3? asoron 23
R t 1l 23
table grapes 91 l\::ldeel s;g Insticity
ule of elastici
thlia‘ pinnata Cav. - apples 41,49
o tough
Dahlias Nid;:lln:: of toughness &
breeding 99
mutants 99  Onion
tomato spotted wilt virus 99 antioxidants 65
ZAHRADNICTV{ — HORT. SCI. (PRAGUE), 27, 2000 (4): I-V v



A-1:(¥) 0002 ‘£Z "(ENOVID 'IDS "LNOH ~ JALIINAVIHVZ

L1 aum
s)seax
SET surens syseak
L1 s1589K
SE1 56 siedns
S6 SISOWISO 98I9ADI
L1 spioe oruedio
SEl 10120413
SEL'LI uonRIUAWIDY
SE1 56 [ouey)d
S6 I
$6 suotue
SEl spioe
UM
¥4 uonezipuqAy oyroadsiajut
41 SSOUJIBMP
14! Fuipaoaq
12314
I 1qe108
[ Add
§ swnjd
11 VSITd
66 Sel[yep
SISNIIA
I uonezijiydoL|
1 Surzooy
uoneAsasaid snaip
I SISNIIA
s9 ojewo)
9 o]
s9 199q pa1
S9 1addad
<9 Koysted
s9 uotuo
LS s[ejow KAwoy
<9 K19]90
Ls 8H ‘ad ‘PO
s9 joLEd
s9 PIOE 21qI0JsE
$9 SjuBpIXONUR
saqeradap
s9 SJUBPIXONUE
ojewmo],
€01 sdoxo iy
sjoaaydodoy,
16 a3er0)s
16 nen[eAd K1osuas
16 Aijenb
16 SIBAD[ND
sadesd ajquy,
€T doio Juuds
€T do1d jo sanreso]
74 SISA[BUE UOT)B[2110D
€T doo uwmne
€T uoJose
134 qns jo sisAeue

3ep 10amg

A

6% ‘¢ sojdde
Kanfuy jeursapidagng

16 sadeid ojqey
a3ea0)§

€01 sjuepIxonue
$ILLIIYD IN0g

LS s[ejowr AAeay]
nos

6b sojdde
ysaqpraduag

L sjooude
Annaspyes

£01 sdoid yniy
umpdpPs

9ZI spuqiy

9z1 Buipasiq
JIMO[JES

I swnpd
$320353003

$6 summ
SISOUISO 3SIIAIY

6 dumm
siedns Supnpay

€01 SJUEpIXonue
sadead pay

<9 sjuepIxonue
193q pay

€01 sdo1d yinuy
sjoudaydAjog

L sjooude
SUONB[AI UOHBUEBI[[O]

I X

I Add

1 SIBAD[ND
swnjg

1 UONBUIIRIUOD JO el
snaa xod wnjg

s9 sjuepIxonue
Jaddag

84 sojdde
U0ISUI) UONENIWIJ

€01 sjugpIxonue
s18dg

s9 sjuepixonue
Kopsreg

(4! vjaay

1zl Surpaaiq
syuerd [gyudweniQ

1§41 I eardojoiq
snsoppisu} sni40

11 I [ea13ojoiq



POKYNY PRO AUTORY

Casopis uvefejiiuje puvodni védecké price. kritka sdéleni a vybe-
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