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WILD ANGELICA - A SPONTANEOUS HOST
OF COW-PARSNIP MOSAIC RHABDOVIRUS

Zdenko POLAK

Research Institute of Crop Production — Division of Phytomedicine,
161 06 Praha-Ruzyné, Czech Republic

Angelica silvestris L. was found to be a new spontaneous host of the
cow-parsnip mosaic virus of the family Rhabdoviridae. The virus was
determined on the basis of morphometric data obtained from measure-
ments of 87 complete bacilliform particles in ultrathin sectioned material
(263 x 85 nm), and by means of its biological properties, principally
by symptoms in response to sap-inoculation of suscetible host
plants, and host range.

wild angelica; spontaneous host; cow-parsnip mosaic virus; thabdovirus

A virus causing a severe mosaic disease of cow-parsnip, Heracleum sphon-
aylium L. ssp. australe (Hartm.) Ahlfv., was originally isolated from cow-
-parsnips from several ruderal localities in Prague (Poléak, 1966). It was
shown that the virus infected some umbelliferous crop species as parsley,
Petroselinum hortense Hoffm., P. hortense var. crispum (Mill.), coriander,
Coriandrum sativum L., parsnip, Pastinaca sativa L., and dill, Anethum
graveolens L. The disease was later found to have a scattered occurrence
among cow-parsnips in Central Bohemia.

Electron microscopy of ultrathin sections prepared from leaf parenchyma
cells of naturally mosaic diseased cow-parsnips or leaves and flower petals
of manually inoculated and infected parsleys revealed bacilliform particles
of about 265 x 90 nm packed mostly in globular aggregates in the nuclei and
in the perinuclear space (Poldk etal., 1977).

Cow-parsnip mosaic virus (CPMV) is considered to be the first rhab-
dovirus known to infect an umbelliferous plant species. When searching for
further hosts within this family we succeeded to transmit the rhabdovirus by
manual inoculation to water dropwort, Oenanthe aquatica (L.) Poir., chervil,
Anthriscus cerefolium (L.) Hoffm., caraway, Carum carvi L. and cow-pars-
nip, Heracleum speciosum Weinm. (Poldk, Sosnova, 1977). However,
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while the suscetibility of these species was determined by artificial inocula-
tion, they were never found to be spontaneous hosts of the rhabdovirus in
nature.

During routine observations of plant associations of forest swamps and
other moist places carried out in the surroundings of Dobfi§ (about 40 km
south of Prague), individuals of wild angelica, Angelica silvestris L., with
suspicious virotic symptoms were found. Since this plant species is known
to be a natural host of arabis mosaic virus and an unidentified virus-like dis-
ease manifested by yellow mottle in leaves — “Gelbscheckung der Wald-
brustwurz® (Schmelzer, Wolf, 1977) — symptomatic leaves were
collected for subsequent analysis.

MATERIAL AND METHODS

Crude sap of leaves of wild angelica with symptoms was extracted by
grinding them with 0.05M HEPES buffer pH 6.8. Before manual inocula-
tion, the plants were dusted with 500-mesh carborundum powder. Inoculated
plants were stored at least four weeks for final reading of the symptoms.

Attempts to concentrate the virus were carried out according to the proto-
col used earlier in the paper dealing with particle morphology of the virus
isolated from cow-parsnip (Poldk etal., 1977).

Leaf dips and results of attempts to concentrate the virus were examined
with a Tesla BS 500 electron microscope. Specimens on carbon-backed
formvar-coated grids were stained with 2% potassium phosphotungstate ad-
justed to pH 7.1 and with 1% ammonium molybdenate adjusted to pH 6.5.

Ultrathin sections were prepared from leaves of plants of wild angelica
that showed symptoms of natural infection. Plant tissue was fixed in 6.25%
glutaraldehyde in 0.1M phosphate buffer pH 7.3, postfixed in 2% osmium
tetroxide, during dehydration stained with 0.5% uranyl acetate and trans-
ferred for embedding into Durcupan (Fluka).

Virion measurements were made on photographs of ultrathin sectioned
material.

RESULTS AND DISCUSSION

Symptoms of the disease in wild angelica consist of general yellow spot-
ting of leaves, with spots being approximately 1 mm in diameter. Sometimes
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they coalesce into small yellow blotches that are mainly extended along the

main veins. These symptoms are later followed by leaf deformations and

distortions. Infected plants seem somewhat stunted.
Symptoms in differential host plants are very similar to those induced by
cow-parsnip mosaic rhabdovirus used as control:

Parsley — clearing of veins and blister-like elevations on the youngest
leaves, followed by conspicuous vein banding and severe de-
formations; later symptoms become milder;

Coriander — minute gray spots which tend to coalesce; later, top necroses

with severe stunting appear;
Parsnip — leaf-curling followed by faint chlorotic spotting;
Dill — transversal yellowish striping of leaves;

Goosefoot — Chenopodium quinoa Willd., C. amaranticolor Coste et Rayn.
— minute yellow local lesions.

From all the species mentioned above the virus was transmitted back to
healthy parsley seedlings which again showed typical symptoms of the dis-
ease. No infection was apparent after inoculation of celery, carrot, caraway,
sugar beet, red pepper, cucumber, jimson-weed, tobacco, tomato and French
beans.

Since attempts to visualize the virions by negative staining techniques in
specimens prepared both from leaf dips and the resulting pellets after con-
centration procedures did not give satisfactory results, we had to rely on
electron microscopy of ultrathin sections. It revealed inclusions composed of
bacilliform particles in the form of globular aggregates located in the perinu-
clear space of parenchyma cells or associated with the nuclei. They never
occurred scattered in the cytoplasm.

Measurements of 87 complete bacilliform particles, photographed at three
different magnifications, revealed a dimension of about 263 x 85 nm. It was
shown that virions in longitudinal position consist of an electron-dense core
and an external membrane loosely surrounding the particle, and that they are
cylindrical in shape with two hemispherical ends. Particles in transverse sec-
tion show two disctinct layers which correspond to viral membrane and nu-
cleocapsid with a central canal (Fig. 1).

The assignment of viruses to the family Rhabdoviridae was mostly based
on their morphology. Other characteristics of those viruses which have been
studied in depth, indicate that the morphologically based classification is
sound.
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1. Rhabdovirus particles in
nucleoplasm of parenchyma
leaf cells of systemically
infected parsley

Magnified 38 000x

When infected plant cells are examined by electron microscope, the most
obvious consequence of rhabdovirus infection is the accumulation of the
characteristic bacilliform virus particles. These particles tend to accumulate
at one of three sites which is characteristic for a given virus: perinuclear
space, vesicles of the endoplasmatic reticulum or in association with virus-
induced viroplasms (Francki et al., 1981). Viruses whose particles accu-
mulate in the perinuclear space can often be seen budding from the inner
nuclear membrane and nucleocapsids can sometimes be observed in the nu-
cleoplasm.

Rhabdovirus particles appear smaller in sections of infected cells than in
negatively stained preparations, presumably due to shrinkage during fixation
and embedding, and flattening during air drying. Since there appear to be a
number of unknown factors able to affect particle size during preparative
procedures, it is difficult to make valid comparisons between published mor-
phometric data (Francki, 1973). Because of possible artefacts involved
in preparing specimens, minor differences in particle dimensions are con-
sidered not to be significant.

~ Preparatory artefacts seem to be — also in our case — the cause of small
differences obtained after measurements of particles of the new cow-parsnip
mosaic virus isolate from wild angelica.
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Z. Poldk (Vyzkumny istav rostlinné vyroby, Praha-Ruzyné, Ceskd republika)
Déhel lesni — spontdnni hostitel rhabdoviru mozaiky bol3evniku

Virotické ochuravéni dehele lesniho, Angelica silvestris L., zjist&€né v oblasti
Dobtise, je provazeno pfiznaky Zluté skvmitosti a deformacemi listové Eepele. Podle
ptiznaki na diferenénich hostitelich, hostitelského okruhu a podle morfometrickych
dat elektronomikroskopicky zjisténych baciliformnich &astic (263 x 85 nm) v ultra-
tenkych fezech a jejich lokalizace v buiice 1ze konstatovat, Ze jde o nami dfive izo-
lovany rhabdovirus mozaiky bolSevniku. D&hel lesni je tedy daldim spontdnnim
hostitelem tohoto viru.

Angelica silvestris L., spontanni hostitel;, rhabdovirus mozaiky bol3evniku; rhabdo-
viry
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THE OCCURRENCE AND DISTRIBUTION
OF PATHOTYPES OF PLASMODIOPHORA BRASSICAE WOR.
IN THE CZECH REPUBLIC AND SLOVAKIA

Jaroslav ROD

State Checking and Testing Institute of Agriculture, 783 71 Olomouc,
Czech Republic

A total of 92 Plasmodiophora brassicae samples collected from vari-
ous regions of the Czech Republic and Slovakia were screened to as-
sess the range of pathotypes. Seven pathotypes were identified by
means of Williams’s method. Pathotypes 7, 6, 4 and 10 were the most
frequent, being detected in 51, 43, 17 and 15 samples, respectively. In
addition, pathotypes 2, 3 and 1 occurred in 9, 3 and 1 sample(s), res-
pectively. Mixtures of two and/or three pathotypes were found in 38
and 4 samples, respectively. There were no correlations between pat-
hotypes and locations. Pathotype 3 was the only one to occur in two
neighbouring villages and at one nearby location within the distance of
25 km. A total of 36 different pathotypes were identified by means of
the ECD system, but 26 of these occured only once. The codes of the
most common pathotypes were: 16/15/31 (26 samples), 16/14/31,
16/02/28 (eight samples each), and 16/03/28 (five samples). Of three
test species used in the experiment, Brassica oleracea was the most
vulnerable to infection: 47 samples could attack all five ECD test hosts.
Least affected was B. campestris, where 86 samples were able to attack
one test host only (ECD 05 — Chinese cabbage cv. Granaat). The five
ECD test hosts of B. napus were fairly resistant as none of was infected
by 11 of the samples.

clubroot; Plasmodiophora brassicae; pathotypes; Czech Republic;
Slovakia

Clubroot, caused by Plasmodiophora brassicae Wor., is a serious disease
of brassica crops in the Czech Republic (Rod, 1986, 1988a). None of the
control methods applied on their own is sufficiently effective enough to eli-
minate the pathogen, and therefore it is essential to use several measures.
One of the promising control methods is breeding of cultivars that are resis-
tant to clubroot, but this should be based on thorough screening of pathoty-
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pes and knownledged their occurrence. Zvara and VoZenilkova (1980)
found that P. brassicae isolates occurring in the Czech Republic and Slova-
kia differed in their pathogenicity against the experimental crops.

Several systems have been developed to determine pathotypes P. brassi-
cae. The most commonly used are Williams’s classification that originated
inthe USA (Williams, 1966), and the ECD method which was developed
in Europe some time later (Buczacki etal., 1975). The aim of our trial was
to study the occurrence and distribution of P. brassicae pathotypes in the
Czech Republic and Slovakia.

MATERIAL AND METHODS

Infested soil samples obtained from 92 Czech and Slovak localities were
used to determine P. brassicae pathotypes. Soil samples were collected du-
ring the years 1987—1988. Chinese cabbage cv. Granaat was chosen as a test
crop due to its reported susceptibility to all pathotypes known up to now.
The clubs produced on Granaat served a source of inoculum for further ex-
periments. The screening of the pathotypes was accomplished using both of
the above methods. The pathotypes classified by Williams’s method (Wil-
liams, 1966) were marked with the numbers (theoretically 1 to 16) accor-
ding to the reaction of various test plants, i.e. two test hosts each of B. napus
and B. oleracea. The materials tested by means of the ECD method were
allocated unique triplet codes with digits giving the reaction of the three
ECD host species, namely Brassica campestris = B. rapa, B. napus and
B. oleracea. There were five test hosts for each of the species, i.e. a total of
15 ECD hosts (Buczacki et al., 1975). All seed samples originated from
Horticulture Research International, Wellesbourne, U.K. The subsets of test
hosts consisted of at least 30 plants each. Seeds were sown in minicell mo-
dules T-260 (cell volume of 15 cm3). Inoculation was carried out by a sus-
pension of spores (concentration 5.10° per ml) at the rate of 0.5 ml
suspension per seed. After inoculation the seeds were covered with a thin
layer of perlite and minicells were put into a growth cabinet with a control-
led atmosphere (Rod, 1988b). Assessments were made of newly-formed
clubs on roots 35 days after inoculation (Dobson et al., 1983). The reacti-
on of the ECD hosts to different P. brassicae samples was based on the pre-
calculated disease indices (DI), and ECD codes were allocated to the
samples (Buczacki et al., 1975).
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RESULTS AND DISCUSSION

The occurrence of the pathotypes at different locations is given in Table 1.
A total of seven pathotypes were recorded Williams’s classification was ne-
ed (Table II). Only one pathotype was detected in more than a half of the
samples (i.e. 54.8 %), two pathotypes were found in 38 samples, and a mix-
ture of three pathotypes in four samples. The most frequent combinations of
pathotypes were: 6 +7, 7+ 10, 4 + 7, and 2 + 6. Pathotype 7 was detected in
50 samples (54.3 %), and its occurrence represented 36.7 % of all pathotypes
encountered. Pathotype 6 was found in 43 samples, whilst the pathotypes 4,
10, and 2 occurred to a lesser extent, i.e. in 17, 15 and 9 samples, respective-
ly. Pathotype 3 was identified three times only, and pathotype 1 just once.

I. Location of clubroot infested fields and pathotypes in the Czech and Slovak Republics

Pathotypes classified according to
Region Locality
Williams ECD
Praha-Ruzyné 7+10 16/15/31
Praha-Rapotin 7 16/12/29
Pfibram Dlouhéa Lhota 6+7+10 16/15/31
Drahenice 6 16/02/28
Kutné Hora Kadina 7 16/15/31
Tébor Sezimovo Usti 6 16/02/28
DraZice T+2 16/14/31
Borkovice 6+7 16/02/28
Pisek Vétrov 6 16/00/30
Cimelice T+4 16/31/31
Pisek-Hradist& 6+7 16/04/14
Klatovy Klatovy 6+7 16/03/30
Rokycany Radnice 7+10+4 16/14/31
Tachov Tachov 6 16/01/30
Cheb Velkd Hled’sebe 7 16/07/31
Sokolov Horni Slavkov 6 16/02/28
Sokolov I 10 +4 19/31/31
Sokolov II 7+4 29/31/25
—
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Table I continue
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Pathotypes classified according to
Region Locality
Williams ECD
Chomutov Chomutov 6 16/03/28
Most Litvinov 7 16/00/31
Litoméfice Travéice 7+10 16/15/31
Polepy 7+10 16/15/31
Cesk4 Lipa Petroltice p. R. 6 16/03/28
Liberec Hrédek n. Nisou 6+7 16/09/15
Liberec 7+2 16/15/15
Hodkovice u L. 7+10 16/15/31
Semily Turmov 10+4 16/31/13
Benecko 6 16/03/28
Jilemnice 6 16/02/28
Jigin Podhomi Ujezd 7 16/14/31
Hradec Krélové Novy Bydzov 7+4 16/15/31
Pfedméfice n. L. 6 16/00/12
Néchod Nahofany 7 16/15/31
Cerveny Kostelec 6 16/02/28
Broumov 6 16/03/30
Rychnov n. K. g‘;:nﬂg: - 7 16/13/31
Chrudim LuZe 6+7 16/10/31
Repniky 7+4 16/15/31
Usti n. Orlici Zamrsk 6+4 16/14/28
Ceské Trebové 6 16/00/14
Svitavy Kungina 7 16/15/31
Sadek 7 16/15/15
Jihlava Velky Beranov 7 16/15/31
Trebi& Babice 4 31/31/31
Hrotovice 6 16/02/28
Bfeclav Vranovice 6 16/02/14
Bmo-mé&sto Bmo 6 16/14/10
Bmo-Tufany 7 16/15/31
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Pathotypes classified according to
Region Locality
Williams ECD
Bmo-Jundrov 6+7 16/00/30
Bmo-Komaérov 7+4 16/14/12
Blansko Blansko 7 16/15/31
Rohozec 6 16/10/28
Zlin Spytihngv 7+4 16/14/31
Prostéjov Prosté&jov 6+7 16/15/31
Vrbétky I 6+7+2 16/15/31
Vrbétky In7 16/06/13
Pferov Troubky 7 16/14/31
Vymyslov 6+2 16/14/31
Olomouc Olomouc-Holice 6+2 16/01/31
Cervenka 7 16/13/31
Dlouh4 Lougka 7 16/15/31
Sumperk Libina 6+2 16/15/30
Zulové 6+7 16/07/30
Bruntil Kmov 6 16/03/28
Svétld Hora u B, 10+4 17/31/31
Opava Bolatice 6+10 16/15/31
Karvind Karvina 7+10 16/14/31
Frydek-Mistek NosSovice 6+2 16/08/28
Frydlant n. O. 1+4 16/31/31
Zilina Kotefova 7 16/15/31
Zilina 6+10 16/01/14
Dolny Kubin Néméstovo 6 16/00/12
Tvrdo$in 6+3 16/00/28
Lipt. Mikul4s Ziar 3 24/07/14
Smre&any 3 16/15/28
Liptovsky Mikula$ 7 16/15/31
Vavrifovo 6 16/00/14
Liptovsky Hradok 7 16/15/31
——
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Table I continue

Pathotypes classified according to
Region Locality
Williams ECD
Banska Bystrica Brezno 6 16/02/28
Medzibrod 7+10 16/15/31
Banska Bystrica 7 16/14/31
Prievidza oo 6+7 18/00/12
Ziar n. Hronom Vyhne 7+10+4 16/15/31
Horna Trnavka 7 16/15/31
Zvolen Sliag& 7+10 16/15/31
Poprad Poprad 6 16/00/12
Poprad-Kvetna 2+4 17/31/31
KeZmarok 7+2 16/10/31
Stard Luboviia Plave n. P. 7 16/11/15
Bardejov Bradejov 7 16/15/31
3:""3””*‘ Howk 7 16/15/31
Kosice Kogice 6 16/03/28

Table I shows that there was no correlation between the pathotypes and
locations of their occurrence. For example, pathotype 2 was found at nine
locations; of these, six were in four neighbouring regions in Moravia (i.e.
Pferov, Prostéjov, Olomouc, and gumperk), others in remote places in nor-
thern Bohemia (Liberec) and eastern Slovakia (Poprad, KeZmarok). On the
other hand, three different pathotypes were detected at two sites near Poprad
(i.e. 6, 2, 4), at four locations in Bmo (7, 6, 4), in two samples from Sokolov
(4,7, 10) and two from Vrbatky (6, 7, 2). Only pathotype 3 occured in three
nearby places (villages of Ziar, Smre&any and Tvrdogin).

It was important to compare our results with the data obtained in other
countries (Table V). The screening of clubroot pathotypes in 11 countries by
means of Williams’s classification revealed pathotype 7 in all but Japan and
Canada. Pathotypes 4 and 3 were detected in eight countries, 2 and 6 in se-
ven countries, and pathotype 1 in six countries. Pathotypes 5 and 8 were
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IL. The occurrence of P. brassicae pathotypes classidied according to Williams in the Czech

Republic and Slovakia
Pﬂt.hc'nype e Percentage occurrence as related to

SRy a set of 92 samples all pathotypes

50 54.3 36.7

43 46.7 30.9

4 17 18.5 12.2

10 15 16.3 10.8

2 9 9.8 6.5

3 33 2.2

1 1 1.1 0.7

Total 138 100.0

found in Japan only, whilst pathotype 12 occurred only in Poland. Table VI
gives a more detailed comparison of our results with the situation in Poland,
where Nowicki (1984) had tested 103 samples, and a few years later Ro -
bak (1991) prossesed 128 samples.

III. Occurrence of different pathotypes (ECD method) of P. brassicae in the Czech Republic
and Slovakia

e of :::);rds :::1?:15: Behests of ::(.)rds 5:3:::5:
16/15/31 26 28.0 16/00/30 2 2.1
16/02/28 8 8.6 16/03/30 2 2.1
16/14/31 8 8.6 16/10/31 2 2.1
16/03/28 5 5.4 16/13/31 2 2.1
16/00/12 3 3.2 16/15/15 2 2.1
16/00/14 3 3.2 16/31/31 2 2.1
17/31/31 3 3.2

Pathotypes (ECD codes) occuring in only one sample: 16/00/18, 16/00/28, 16/00/31, 16/01/14,
16/01/30, 16/01/31, 16/02/14, 16/04/14, 16/06/13, 16/07/30, 16/07/31, 16/08/28, 16/09/15,
16/11/15, 16/13/31, 16/14/10, 16/14/12, 16/14/28, 16/31/31, 19/31/31, 29/31/25, 31/31/31
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IV. Distribution of reaction types on ECD differential set after inoculation by P. brassicae

Reaction (% from 93 tests)
ECD
hosts | Resistant | Indistinct Susceptible | Average DI
(DI=20) | (20<DI> 80) (DI 2 80)

01 94.6 43 1.1 3.6

02 95.7 4.3 0.0 2.9

03 97.8 1.1 1.1 23

B. campestris

04 97.8 0.0 2.2 2.8

05 0.0 3.2 96.8 97.8

Average

01—05 77.2 2.6 20.2 21.9
B. napus 06 43.0 51.6 5.4 28.0

07 21.5 54.8 23.7 48.6

08 37.6 23.7 38.7 49.5

09 37.6 25.8 36.6 49.3

10 82.8 12.9 43 11.2

Average

06-10 4.5 33.8 21.7 37.3

11 40.9 21.5 37.6 48.1

12 323 24.7 43.0 53.9

13 3.2 12.9 83.9 83.7

B. oleracea

14 0.0 28.0 72.0 85.0

15 18.3 62.5 19.4 49.5

Average

11-15 18.9 29.9 51.2 82.2

Average | 469 22.1 31.0 40.6

01-15 ) ' ’ '

DI = Disease Index

A total of 35 different pathotypes were identified by means of the ECD
method, with 22 of them occurring only once (Table III). The most frequent
pathotypes were 16/15/31 (in 26 samples), 16/02/28, 16/14/31 (both in eight
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samples) and 16/03/28 (in five samples). Pathotypes 16/14/31 and 16/15/31
occured were also most frequent in Germany (Mattusch, 1977). While
pathotype 16/31/31 was reported as the most frequent by Toxopeus et al.
(1986) and Giessmann (1988), it was detected only in two of our samples.
Pathotypes 16/02/31 and 16/03/31, found in the USA (Dobson et al.,
1983), did not occur in the Czech Republic or Slovakia, was did pathotype
16 that had been often identified in Japan (Yoshikawa et al., 1977). The
most virulent pathotype (31/31/31) was detected at the location of Babice
(region Tiebif), and a similar one in Germany (Mattusch, 1982).

V. The occurrence of pathotypes in various countries (Williams’s classification)

Pathotypes
Country
112|13|4|5|6(7|8|9]|10(11{12]13]|14|15]|13

Former Czechosloakia + |+ |+ ]|+ + | + +
Former GDR! + + | + + | + +
Poland? + |+ |+ + |+ +
Poland® + |+ |+ + + |+ +
Finland* + [+ |+ + |+ #
Norway* + + + $
Iceland* +
Former USSR? % | % + "
Japan® ++[+]|+ ]+ + |+
USA’ + |+
Canada® ]+ +

Williams, Seidel (1968); 2Nowicki (1984); Robak (1991); ‘Linnasalmi,
Toiviainen (1981); SFedorova (1981); *Yoshikawa et al. (1977); 'Dobson et al.
(1983); 8Crete, Chiang (1967) and A y er s (1972)

Brassica oleracea was the most commonly infested host out of the three
ECD host species (Table IV); 47 pathogen samples (i.e. 50.5 %) could at-
tack; all its five hosts. ECD hosts 13 and 14 (head cabbage cvs. Jersey Queen
and Septa) were the most vulnerable, while a lower degree of infection was
produced in hosts 11, 15 and 12 (head cabbage cvs. Badger Shipper, boreco-
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VI. A Comparison of the occurrence of Plasmodiophora brassicae pathotypes in the former
Czechoslovakia and Poland (percentage of the total number of detected)

In Poland
Pathotypes In Czechoslovakia
Nowicki (1984) | Robak (1991)

1 0.7 - 5.6
2 6.5 17.2 7.5
3 2.2 0.6 1.4
4 12.2 49.6 22.0
6 30.9 5.6 34.1
7 36.7 27.0 26.6
10 10.8 - 23

12 - -0.5

Frequency of samples with

one pathotype 54.8 54.0 22.7
two pathotypes 40.9 393 72.6
three pathotypes 43 6.7 4.7

le Verhoul, head cabbage Bindersachsener). B. campestris was the most re-
sistant species, where 86 samples (i.e. 92.4 %) were able to infect ECD host
05 only (Chinese cabbage cv. Granaat). ECD hosts belonging to B. napus sp.
were comparatively resistant as a total of 11 samples did not infect the five
ECD hosts of this species, the most resistant being swede cv. Wilhelmsbur-
ger (10) and rape cv. Nevin—DC 101 (06). Taken the set of 15 ECD hosts as
a whole, the hosts 03, 04, 02 and 01 were most resistant, while 05, 13 and 14
were most susceptible. Based on the results of 299 ECD tests, Toxopeus
etal. (1986) found ECD hosts 02, 04, 01 and 03 least infected, 05, 07 and 14
most vulnerable to infection, and 15, 11 and 06 to show most indistinct reac-
tions (20 = DI = 80). In our experiments this lattes kind of reaction was ob-
served in ECD hosts 15, 07 and 06.
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Vyskyt a roZiiieni patotypt Plasmodiophora brassicae Wor.
v Ceské republice a na Slovensku

U 92 vzorkt Plasmodiophora brassicae, které pochézely ze viech oblasti Ceské
republiky a Slovenska, byl zjistovéan vyskyt patotypil. Pfi pouZiti Williamsovy me-
tody bylo identifikovano sedm patotypll. Nej&astéji se vyskytujicimi byly patotypy
7 (51 vzorkt), 6 (43 vzorki), 4 (17 vzorki) a 10 (15 vzorkil). Kromé& nich byly iden-
tifikovany patotypy 2 (9 vzorki), 3 (3 vzorky) a 1 (1 vzorek). U 38 vzorki bylo
zjisténo, Ze se jedna o smés dvou patotypi a u &tyf vzorkil o smés tii patotypl. Ne-
byly zjidtény zavislosti mezi jednotlivymi patotypy a oblastmi. Pouze patotyp 3 byl
zjistén ve dvou sousednich obcich a tfeti byl vyskyt asi 25 km od nich. Pii pouZiti
metody ECD bylo identifikovéno celkem 36 riiznych patotypil, pfi¢emZ 26 patotypit
se vyskytlo jen jednou. Podle této metody jsou nejlastéjsi patotypy oznafeny koédy
16/15/31 (26 vzorki), 16/14/31, 16/02/28 (oba u osmi vzorkil) a 16/03/28 (p&t vzor-
k). Ze v3ech tii testovacich botanickych druhii byl nejvice napadén druh Brassica
oleracea. U tohoto druhu 47 vzorki zpiisobilo napadeni v3ech p&ti ECD testerii. Nej-
méné byl napadén druh B. campestris. U tohoto druhu zplisobilo 86 vzorki napadeni
pouze ECD testeru 05 (pekingské zeli odriida Granaat). Pom&meé odolné byly i ECD
testery z druhu B. napus. Jedenéact vzorki nezpisobilo napadeni ani jednoho z péti
ECD testeril tohoto druhu.

nédorovitost; Plasmodiophora brassicae; patotypy; Cesk4 republika; Slovensko
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THE USE OF SOIL SOLARIZATION TO CONTROL CLUBROOT
(PLASMODIOPHORA BRASSICAE)

Jaroslav ROD

State Checking and Testing Institute of Agriculture,
783 71 Olomouc, Czech Republic

The effect of tarping of soil in a closed plastic house on the occurrence
of clubroot was assesed. The treatment brought about a large decrease
in soil infestation. Solarization outperformed chemical disinfection
with dazomet, calcium cyanamide or trichlamide. Solarization alone
was more efficient than when combined with chemical treatment.

soil solarization; clubroot, Plasmodiophora brassicae; chemical soil
disinfection; combination of solarization and chemical treatment

The principle of soil solarization is based on covering soil with a thin
transparent film which results in heating by solar energy in the warmest sea-
son of the year. Although the method was developed and is mostly applied in
hot climates (e.g. Israel, California, Egypt etc.), it has also become popular
in southern Europe where it is used outdoors on an acreage of about 40 000 ha
per year (Katan, 1984). In cooler regions of Europe (e.g. Belgium, Great
Britain, France) it has proven practical in glasshouses and plastic houses
(Katan etal., 1987). In Japan, soil solarization is used to treat 2 200 ha of
greenhouses for growing strawberries and vegetables (Horiuchi, 1990).
Since the method has so far been practically unknown in the Czech Repub-
lic, we decided to try soil solarization under climatic conditions of this coun-
try in view of a previous temperature data assessment (Rod, 1992) to
control clubroot (Plasmodiophora brassicae Wor.). Similar trials had been
conducted in Great Britain (White, Buczacki, 1979), Australia (Porter,
Merriman, 1985) and USA (Campbell etal., 1981; Myers etal., 1983).

MATERIAL AND METHODS

Two independent experiments were carried out. The first was done in
a plastic house (9 x 50 m) with soil naturally infested with clubroot. Unifor-
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mity of the infestation was achieved by incorporating 50 1 of a suspension of
P. brassicae resting spores at the concentration of 107 per ml. Then the soil
was moistened thoroughly. The area of the plastic house was divided into
four identical plots, 4.5 x 25 m each. Two of them were tarped with a thin
(0.03 mm) transparent microtene film; one plot remained under cover for
three weeks, the other for five weeks (July 15 to August 19). The plastic
house was kept closed during the trials and soil temperatures were recorded
twice a day (at 0700 h and 1500 h) at the depths of 5, 10, and 15 cm. Soil
samples taken before the trials were started served as a control; they were
stored at 5 °C or heated up to 50 °C for three and six days. After the trial
one representative soil sample was removed from the each of the experi-
mental plots and subjected to the biotest (R o d, 1988) to assess the concen-
tration of viable resting spores in the soil. The disease index values show
both the quantity and intensity of root infestation of a test crop (Dobson
et al., 1983)

In the second trial, 0.8 m’ standard garden soil was infested with P. bras-
sicae spores (106 spores per 1 g soil) and divided into four identical parts.
One part was left untreated, the remaining three parts were treated with 200
g/m3 of Basamid gran. (98 % dazomet, BASF, Ludwigshafen, Germany),
300 g/m3 of Perlka (44% calcium cyanamide, SKW, Trostberg, Germany),
and 30 g/m3 of Hatadeon (20% trichlamide, Nippon Kayaku, Koshikiya, Ja-
pan), respectively.

The soil from each of the four treatments was divided and placed in eight
polyethylene fruit containers (volume 50 1) that were then embedded into the
ground of the plastic house used for the first trial. Four containers of each
variant were left uncovered, the remaining four were covered with a thin
(0.03 mm) transparent microtene film. After six weeks the containers were
lifted and the soil samples were subjected to the biotest as used in first trial.
Data were analysed by analysis of variance.

RESULTS AND DISCUSSION

First trial

In the non-covered variant the mean soil temperatures over the whole
5-week-period recorded at depths of 5, 10, and 15 cm were 25.0, 24.7, and
24. °C, respectively. In the covered variant they reached 32.7, 31.5, and
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I. The effect of solarization on the occurrence of Plasmodiophora brassicae

Variants Disease index
Control (5 °C, 5 weeks) 1000 b
Control (50 °C, 3 days) 173 a
Control (50 °C, 6 days) 02a
Non-solarized soil after 3 weeks 1000 b
Non-solarized soil after 5 weeks 1000 b
Solarized soil after 3 weeks 153a
Solarized soil after 5 weeks 93a

Means followed by the same letters are not significantly different at < P 0.05

30.8 °C, resp. There were no significant differences between 3-week and
5-week temperature averages. The mean temperature differences between
solarized and non-solarized soil were 7.7 °C at 5 cm and 6.4 °C at 15 cm, but
the effects of solarizataion to control clubroot were tangible. The disease
index (DI) was remarkably reduced from 100.0 to 15.3 and 9.3 after 3 and
5-week exposure respectively. In the second trial (Table II) the DI valee was
also decreased from 93.7 to 4.8 after 5-week solarization.

IL. The effect of chemical disinfection, solarization and their combinations on the occurrence of
Plasmodiophora brassicae

Variants Disease index
Non-treated and non-solarized control 93.7 f
Dazomet 712 d
Calcium cyanamide 74.8 de
Trichlamide 878 e
Solarization alone (5 weeks) 48a
Solarization + dazomet 169 b
Solarization + calcium cyanamide 305 ¢
Solarization + trichlamide 248 be

Means followed by the same letters are not significantly different at < P 0.05
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In all cases the reduction in the DI values was unexpectedly high, though
the pathogen was not eradicated. The 3-week solarization was more effective
than the 3-day treatment of the control sample at 50 °C.

In AustraliaPorter (1983)and Porter, Merrian (1983, 1985) repor-
ted a significant effect of solarization on the elimination of clubroot in out-
door broccoli and Chinese cabbage. On the other hand, Campbell et al.
(1981) found solarization ineffective under conditions of California. White
and Buczacki (1979) obtained positive results when studying the effect of
solarization to control clubroot under field conditions of Great Britain, but
only at the depth of 10 cm. Our trials have confirmed that soil solarization in
glasshouses and plastic houses can be an efficient way of clubroot eradicati-
on in the Czech Republic. The results of the second trial evidently show that
solarization was the best method of seven different treatments studied. It was
surprising to observe only a slight effect of trichlamide (decrease of DI value
by 5.9) which has been considered one of the most effective fungicides to
control clubroot Dixon, Wilson, 1984; Vanachter etal., 1985;Doy-
le, Clancy, 1987). The effects of dazomet and calcium cyanamide were
also rather low, with reductions in DI value by 22.5 and 18.9, respectively.
In case of dazomet this could be partially due to the fact that the treated soil
was not covered with the plastic film immediately after fungicide application
as recommended, and thus the effectiveness of the treatment was reduced.
Calcium cyanamide was applied at a rate equivalent to 600 kg per 1 ha. The
rates recommended for clubroot control are, however, rather higher (M at-
tusch, 1977, 1982, 1987; Dixon, Wilson, 1983).

It was surprising to find a significantly lower effect of the combined treat-
ments, i.e. solarization + chemical disinfection, in all three variants of our
trial as compared to solarization alone. It is generally claimed that the com-
bination of solarization with other disease control measures (e.g. biological,
chemical, resistant cultivars) can increase its effectiveness. Frank et al.
(1986) and Ben-Yephet et al. (1988) reported improved action of solari-
zation when accompanied by fumigation with metham sodium, while Por-
ter etal.(1991) achieved a positive joint action of solarization and dazomet.
Our controversial results could be explained theoretically as follows: solari-
zation has a direct thermal effect on the pathogens, but also an indirect bio-
logical one. The latter is based on the assumption that the concentration of
microorganism antagonistic to and/or hyperparasitic an clubroot is increa-
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sing at the elevated soil temperatures. Hovewer, chemical disinfectants may
inhibit this population of antagonisys and hyperparasites, thus reducing the
final effect of solarization. It would require further research to experimental-
ly confirm this assumption.
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PouZiti pudni solarizace proti nadorovitosti (Plasmodiophora brassicaea)

V prvnim pokusu byl zjitovan Géinek tfi- a p&titydenniho pokryvani piidy v uzav-
feném féliovniku na vyskyt nddorovitosti v piidé. Vlivem tohoto opatfeni dolo
k podstatnému sniZeni infek&nosti piidy. Rozdil mezi tfi- a p&titydenni solarizaci ne-
byl podstatny. Ve druhém pokusu byl téZ zji¥tén vynikajici G&inek solarizace, mno-
hem vy33i neZ pfi chemické dezinfekci pidy dazometem, calcium cyanamide nebo
trichlamide. Utinek samotné solarizace byl vy$3i neZ Gi¢inek kombinace solarizace
s chemickou dezinfekci.

solarizace pidy; nadorovitost;, Plasmodiophora brassicae, chemicka dezinfekce pi-
dy; kombinace solarizace s chemickou dezinfekci
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ASSESSMENT OF ADULT PLANT RESISTANCE
OF WINTER WHEAT TO POWDERY MILDEW

Markéta FORMANOVA, Josef SEBESTA

Research Institute of Plant Production, 161 06 Praha-Ruzyné, Czech Republic

The applicability of four methods to process primary data on powdery
mildew severity in the adult plant stage was compared, based on analy-
ses of mildew development on six winter wheat genotypes in three year
field trials. The ,,area under disease progress curve“ (ADPC) was found
to be best suited for primary data processing at the recorded powdery
mildew occurrence rate and the evaluation technique used. The Gom-
pertz model was less, and the logistic model and the probit transforma-
tion were least suitable. The flag leaf was least appropriate for powdery
mildew assessment in comparison with the first or second leaf under
the flag leaf. The optimum number of tillers per plot that have to be
evaluated for determining quantitative differences of adult plant resis-
tance to powdery mildew in winter wheat was analysed. At the re-
corded powdery mildew occurrence in our trials and by use of the
ADPC processing method, 20 tillers do seem adequate. Differences in
adult plant resistance detected by ADPC were highly correlated (» >
> 0.99) with differences assessed 14 days after the first powdery mil-
dew colony appeared on the upper three leaves, soon after flowering.

Erysiphe graminis f. sp. tritici; winter wheat; adult plant resistance;
area under disease progress curve; Gompertz model; logistic model;
probit transformation

Resistance of wheat to powdery mildew (Erysiphe graminis DC. f. sp. tri-
tici Marchal), based on major genes, was often overcome by new and viru-
lent races of the pathogen. This problem seems to be solved by the
quantitative resistance that is conditioned by minor genes, and is expressed
mostly in the adult plant stage (adult plant resistance).

However, the use of this type of resistance in breeding still has some limi-
tations. One of them is the lack of suitable methods that can detect this form
of resistence, and that is applicable in breeding programmes.
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The purpose of this study was 1) to compare the applicability of four
methods of processing the date of powdery mildew severity in the adult plant
stage of winter wheat, 2) to find the optimum number of evaluated plants per
plot and 3) to determine the optimum time of assessment.

MATERIALS AND METHODS

The mildew development on the five winter wheat cultivars and one ad-
vanced line Alcedo, Mironovsk4, Viginta, Avalon, Sabina and ST 262, was
evaluated in three year field trials (1989—1991). The entries had been se-
lected on the basis of preliminary observations and literature data. The en-
tries were sown in 2 m? plots in randomised blocks; each annual trial
consisted of three replications.

The population of powdery mildew to which the entries were exposed was
virulent to the following resistance genes: Pm I, Pm 2, Pm 3a, Pm 3b, Pm
3¢, Pm 4b, Pm 5, Pm 6, Pm 7, Pm 8 and Mik and avirulent to Pm 4a and
combination Pm 2 + Pm 4b + Pm 6. For the set of wheat differentials see
Hanu$ova (1992): Axmister, Ulka, Asosan, Chul, Sonora, Khapli, Wh M1,
Hope/Regina, Timpalen, Transec, Salzmiinde, 14/44, Nomrandie, Kenya
Civet.

The disease severity of the pathogen was evaluated weekly on the upper
three leaves (flag leaf, first and second leaf under the flag leaf). The first
evaluation was carried out as soon as possible. The James four category
scale (1, 5, 25, 50 % leaf area affected) was used James, 1971). If the leaf
area affected was less then 1% the Daamen and Jorritsma five category scale
was used (one colony of powdery mildew = 0.2 % leaf area affected; two
colonies = 0.4 %; three colonies = 0.6 %; four colonies = 0.8 %; five colo-
nies =1 %) (Daamen, Jorritsma, 1990). The primary data were proc-
essed by Gompertz, logistic model (Berger, 1981), probit transformation
(Kocourek, 1987) and by the method of ,,area under disease progress
curve“ (ADPC) (Shaner, Finney, 1977). The secondary data were sta-
tistically processed by means of analysis of variance and Duncans test.

The optimum number of tillers to be evaluated per plot was analysed. The
ADPC for 10, 20, 30, 40, 50 tillers were calculated and the results analysed
by means of analysis of variance, Tukey test and regression analyses.
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Regression analyses were used to characterize the relationship between
the ADPC of each entry and the disease severity on these entries at different
times of assessment.

RESULTS AND DISCUSSION

The area under disease progress curve (ADPC) was found to be best suited
for primary data processing at the recorded powdery mildew occurrence and
the evaluation technique used. The Gompertz model was less, and the logis-
tic model and the probit transformation were least suitable.

The ranking of the entries for rate of disease development, and the statis-
tical significance of differences of this rate depended on which method of
data processing was used. Values for progress rate calculated by the logistic
model were higher than those calculated by probit transformation, and these
were higher than those calculated by the Gompertz model (Tables I-III). The
Gompertz, logistic and probit models assume a sigmoidal progress curve of
disease development. The sigmoidal curve is then linearized by means of
transformation, and the rate of disease development is calculated. We found
however, that the value of progress rate is considerably affected by the type
of transformation.

The logistic model effectively linearizes symmetrical sigmoidal curve, but
many disease progress curves are asymmetrical. Logistic and Gompertz
transformations effectively linearize values in the range 5-60 % leaf area
affected for both symmetrical and asymmetrical disease progress curves, but
the fit with the logistic equation is poorer than that of the Gompertz equation
for values outside that range in the typical asymmetrical disease progress
curve (Berger, 1981). In our trials the logistic transformation misinter-
preted the progress rate when low disease levels were encountered. For ex-
ample, in 1989 significant differences in progress rates between Viginta and
Mironovska (with low disease severities) at P = 0.05 were obtained when
the logistic model was used (Table I). The significant difference in infection
rate was caused by the big difference in logit value for the small differences
in actual disease severity. When the Gompertz model was used to calculate
the same data, no significant differences in rates were obtained.

Luke, Berger (1982)and Rouse etal. (1981) also found that logistic
transformation amplified small differences the disease severity. The logistic
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L. The rate of powdery mildew development on flag leaf; on the first and the second leaves under the flag leaf (1 and 2) of wheat cultivars calculated
by Gompertz model (k), logistic model (r), probit transformation (1) and area under disease progress curve (ADPC) in 1989

Cultivar Flag leaf Leaf 1
k 5 1 r 5 1 |ADPC 5 1| k 5 1 r 5 1 1 5 1
VI 0.003 a a |0020 a a 196 a a|0006 a a |0.033 ab ab |0.007 a a
MI |0.011 ab abc |0.085 be a 180 a a|0007 a a |0016 a a |0.007 a a
AL |0.006 a ab [0.046 ab ab [ 1.59 a a|0.018 ab ab [0.102 bc abc [0.029 ab ab
ST * ‘ 034 a a|0019 ab ab |0.126 ¢ abc [0.029 ab ab
AV 0.018 be bc [0.132 ¢ b 223 a a|0025 be ab [0.140 ¢ bc |0.051 b ab
SA 0023 ¢ ¢ |0135 ¢ b |1037 b b[0034 ¢ a |0137 ¢ bc |0.055 b b

Cultivar ol =l

ADPC S 1 k 5 1 r 5 1 1 5 1 ADPC § 1
VI 7.37 ab a 0.012 a a 0.060 a ab |[0.015 a a 16.64 ab a
MI 6.66 ab a 0.011 a a 0.048 a a 0.013 a a 16.95 ab a
AL [1091 b a 0.028 b abc [0.123 be be 0.038 ab ab 2823 b a
ST 1.90 ab a 0.035 be bc [0.163 c c 0.060 be b 13.92 ab a
AV 6.86 ab 0022 ab ab 10094 ab ab 0036 ab ab 1835 ab a
SA |40.89 c b 0.048 c c 0.169 c c 0.073 c b 8776 ¢ b

Values followed by the same letter are not significantly different at P = 0.05 (5) and P = 0.01 (1) according to Duncan’s test; cultivar: Viginta (VI),
Mironovské (MI), Alcedo (AL), ST 262 (ST), Avalon (AV), Sabina (SA) * = the disease severity in the first assessment was 0 it was not possible
to calculate the rate of the disease development for the leaf 1 by probit transformation as the values of disease severity were to small
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and Gompertz models were compared by Luke and Berger (1982), when
estimating crown rust development in oats; the Gompertz model was more
consistent at detecting degrees of slow rusting.

Since in the present study the disease severity on some entries was low,
the logistic and probit transformations were inappropriate.

The ADPC curve includes both rate of disease development and disease
severity (Pandey et al., 1989). The method does not use any transforma-
tion of percentage of leaf area affected and it avoids the inadequate lineari-
zation of a disease progress curve. The advantage of the ADPC is that it can
be calculated from a small value of disease severity and does not amplify
this value. ADPC depends on cultivar effects and individual trial effects and
therefore ADPC has some limitations for field trials conducted over different
seasons and locations. Cultivar effects can be distinguished from individual
trial effects if the standard cultivars are always included in the field trials
and the ADPC-s of other cultivars are compared with those of the standard
cultivars.

Hartleb and Walther (1983) also found that ADPC is a more suitable
method than the logistic model to assess quantitative differences in resis-
tance of barley cultivars to powdery mildew.

Due to low levels of infection on the flag leaf, it was least appropriate for
a reliable single assessment of powdery mildew More suitable is to the use
the first or second leaf under the flag leaf.

The optimum number of tillers per plot that have to be evaluated for deter-
mining quantitative differences of adult plant resistance to powdery mildew
in winter wheat was analysed. At the recorded powdery mildew occurrence
and using ADPC progress curve it seemed sufficient to evaluate 20 tillers. A
more detailed analysis of the relationship between disease severity and opti-
mum number of evaluated plants per plot might be interesting.

The timing of assessment is very important and may affect the rank of a
cultivar. Ideally, three or more assessments should be made a week apart
during the season when mildew infection on the first or second leaf under the
flag leaf is developed, and differences in cultivar resistance should be com-
pared based on ADPC values. Our results from three years confirm a high
correlation (» > 0.99) between differences of adult plant resistance detected
by ADPC and differences based on one assessment of the disease severity 14
days after the first powdery mildew colony appeared on the upper three
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II. The rate of powdery mildew development on flag leaf, on the first and the second leaves
model (r), probit transformation (1) and area under disease progress curve (ADPC) in 1990

Cul- Flag leaf Leaf 1

ivarl v s 1| r s 1labpc 5 1| k S| ¢ S
VI |0.004 a a |0027 a ab | 117 a a |0012 a (0078 a
MI (0013 b bc (008 cd ¢ 1.76 a ab (0014 a |008 a
AL [0.003 a a [0019 a a [ 234 a ab (0014 a |0.085 a
ST | 0014 b c [0.104 d c 1.70 a ab [0.020 a [0.123 a
AV (0007 a ab |0.052 b b 1.17 a a [0034 a |0211 a
SA|0012 b bc |0.08]1 ¢ c 5.63 b b (0026 a [0.123 a

Values followed by the same letter are not significantly different at P = 0.05 (5) and P = 0.01 (1)
(ST), Avalon (AV), Sabina (SA); s = dry leaves it was not possible to calculate the rate of the
severity were to small

(Table IV). Therefore, if only one assessment can be carried out, the most
suitable timing of assessment as mentioned above should be adhered to.
Bennett (1982) also found that one assessment done soon after flowe-
ring seems to provide reliable cultivar ranking. Knudsen et al. (1986)
found a high correlation between ADPC values and mildew severity on the

IIL. The rate of powdery mildew development on flag leaf, on the first and the second leaf
model (r), probit transformation (1) and area under disease progress curve (ADPC) in 1991

Cul- Flag leaf Leaf 1
tivar k 5

r 5 1 S |ADPC 5 1 k 5 1 r 5 1
VI 10004 a 0016 a |0003 a |2222 b b |0.010 ab ab|0.048 a a
MI [0.003 a 0015 a [0.007 a 255 b b |0004 a a|0016 a a
AL |0.012 a [0.051 a [0.021 a |2530 b b |[0.017 b ab|0.060 a ab
ST | 0.004 a |0.022 a |0.008 a |12.58 ab ab|0.012 ab ab|0.052 a a
AV | 0006 a |0028 a |0011 a 2332 b b |0013 ab ab|0.051 a a
SA | 0016 a |0061 a |0025 a |4751 ¢ ¢ |0018 b ab|0.05 a ab

Values followed by the same letter are not significantly different at P = 0.05 (5) and P = 0.01
Cultivar: Viginta (VI), Mironovska (MI), Alcedo (LI), ST 262 (ST), Avalon (AV), Sabina (SA)
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under the flag leaf (1 and 2) of wheat cultivars calculated by Gompertz model (k), logistic

Leaf 1 Leaf 2

1 5 |ADPC 5§ 1 k 5 1 r 5 1 |ADPC 5§ 1
0020 a [ 254 a a s s s
0021 a | 494 a a [0.041 a a (0275 a a | 554 a a
0023 a | 540 a a (0042 a a (0219 a a | 428 a a
0037 a | 3.00 a a (0038 a a (0251 a a | 132 a a
0062 a | 644 a a s s 8
0045 a (2780 b b |0.091 b b |0467 b a |2074 b-. b

according to Duncan’s test; cultivar: Viginta (VI), Mironovsk4 (MI), Alcedo (AL), ST 262
disease development for the leaf 1 and 3 by probit transformation as the values of disease

found a high correlation between ADPC values and mildew severity on the
upper four leaves of barley cultivars assessed 1-3 weeks after inflorescence
emergence.

The expression of resistance to powdery mildew in wheat varies between
organs on the plant. Results of Formanova and Sebesta (1994) show
that ranking based on ear infection bears little relation to that based on leaf

under the flag leaf (1 and 2) of wheat cultivars calculated by Gompertz model (k), logistic

Leaf 1 Leaf 2

1 5 1|ADPC 5 1 k 5 1 r 5 1 ADPC 1
0.018 ab ab | 1845 ab ab |[0.016 ab a |0.083 a [0.029 a |13.21 a
0006 a a (2822 b ab|0.020 a a |0.076 a |0.026 a |59.92 b
0.029 bc ab|66.17 ¢ ¢ [0.035 bc ab[0.089 a [0.045 a [186.19 c
0.020 abc ab |30.74 b b [0.024 ab b [0.096 a [0.039 a |41.91 b
0.023 abc ab | 9046 d d [0.027 ab a [0.071 a [0.035 a [195.23 c
0.026 abc ab 10525 d d [0.035 bc ab[0.088 a [0.046 a [191.53 c

(1) according to Duncan’s test
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IV. Regression coefficients (R) for ADPC’s values and powdery mildew severity. of wheat cultivars in four separate assessments

1989 1990 1991
assessment I I I v I I I v I Il I v
i
growth (56-68) | (68-70) | (72-78) | (78-80) | (58-64) | (66-68) | (68-72) | (74-78) | (52-60) | (62-68) | (70-72) | (78-80)
F R 0.033 |0.949™ |0.996" |0.986"" |0.787 |0.673 |0.689 |0.945"" 0289 [0.934 [0.975""" |0.966"""
1 R 0.894 [0.990"" [0.992""" |0.984""" |0.997" [0.921°" [0.997"" [0.980""" |0.769 |0.996"" [0.996"*" | 0.986"""
2 R 0.766 |0.991"" |0.989*++ s (0920 0212 |0.99 s [0718 [0.993" [0.997"" [0.951"""

L = leaf, F =flag leaf, 1 = the first leff under flag leaf, 2 = the second leaf under flag leaf
Regression coefficients significant at P <0.05, P <0.01, P <0.001
8 = dry leaves

1(€) 661 “0f “SOY W20

861-681



Ochr. Rostl., 30, 1994 (3): 189-198

infection. Therefore, for a complete assessment of the reaction of a cultivar,
an estimate of ear infection (2 or 3 weeks later than that of the leaves) should
be taken.
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Hodnoceni odolnosti pSenice ozimé k padli travnimu v dospélosti

Na zéklad® analyzy rozvoje padli travniho (Erysiphe graminis £. sp. tritici) na p&ti
odriidach a jednom novo$lechténi pSenice ozimé byla v tiiletych pokusech posuzo-
véana vhodnost &tyf metod zpracovani primamich tidajii o intenzité napadeni pro zjis-
tovani kvantitativnich rozdili v rezistenci v dosp&losti. Jako nejvhodn&jsi se pfi
daném stupni vyskytu a pouZité metodé hodnoceni ukézala metoda plochy pod kfiv-
kou rozvoje choroby (ADPC), méné& vhodny byl Gompertziiv model a nejméné& vhod-
ny logisticky model a probitova transformace.

Vzhledem k malé intenzit& napadeni byl praporcovy list pro detekci rozdili v roz-
voji padli travniho na p3enici nevhodny.

S ohledem na zpiisob hodnoceni, metodu zpracovéani primérnich idaji o intenzité
napadeni a intenzitu vyskytu choroby byla detekce adekvatnich kvantitativnich roz-
dili moZn4 pfi hodnoceni dvaceti rostlin z parcelky.

Rozdily v rezistenci v dospé&losti detekované metodou plochy pod kfivkou rozvoje
choroby byly ve vysoké korelaci (» > 0.99) s rozdily stanovenymi na zédklad& rozdila
v intenzit& napadeni mezi genotypy zjisténymi étrmact dni poté, co se objevily prvni
kolonie padli travniho na hornich tfech listech (v ristové fazi 70-72 podle Zadokse
—(Zadoks etal., 1974).

Erysiphe graminis f. sp. tritici, pSenice ozim4; rezistence v dospélosti; plocha pod

kfivkou rozvoje choroby; Gompertziiv model; logisticky model; probitova transfor-
mace
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REZISTENCIA MUCNATKY TRAVOVEJ (ERYPSIE GRAMINIS
F. SP. TRITICI MARCHAL) NA SLOVENSKU A V MADARSKU
PROTI NIEKTORYM FUNGICIDOM V ROKOCH 1992 A 1993

Miroslav SVEC, Marta MIKLOVICOVA, Eduard KRIPPEL

Prirodovedecka fakulta Univerzity Komenského — Katedra genetiky,
Milynska dolina Bl, 842 15 Bratislava, Slovenska republika

V rokoch 1992 a 1993 sme sledovali stav rezistencie populécii mi¢nat-
ky trdvovej na p3enici (Erysiphe graminis f. sp. tritici) z izemia Slo-
venska a Mad'arska vo¢i $tyrom trazolovym fungicidne u¢innym
latkam: triadimenolu, tebuconazolu, flutriafolu a propiconazolu. Za-
znamenali sme vyrazny vzostup senzitivity miénatky z Mad’arska voi
vietkym sledovanym fungicidom. V porovnani s predchaddzajticim ro-
kom je senzitivnejia aj populdcia mi¢natky zo Slovenska voli triadi-
menolu. NajniZ$ie hodnoty priememného rezistenéného faktora MRF
boli zistené pri tebuconazolovej rezistencii. Aplikicia triazolovych
fungicidov na izemi Mad'arska a Slovenska je pri chemickej ochrane
rastlin zatial' dostatoéne uinna.

triazolové fungicidy; maénatka trdvové na p3enici; rezistencia populacii

Problematikou rezistencie hubovych patogénov vocli fungicidom sa za-
oberaju pestovatelia obilnin a vedecki pracovnici uZ viac ako 15 rokov. Sa-
motny proces vzniku rezistencie je prirodzenym javom a je dosledkom
seleCného tlaku v populdcidch patogéna. Intenzivne pouzivanie fungicidov
zvylajne vedie k selekcii menej citlivych izolatov v danej populécii patogé-
na. Vyvoj rezistencie voci sterol - inhibujicim fungicidom je pomerne dobre
zmapovany v populdcidch mi¢natky trdvovej na jalmeni (Limpert, 1991;
Pons, Hau, 1992) a mi¢natky travovej na pSenici (Felsenstein, 1991)
z oblasti zdpadnej Eurdpy. Len &iasto&ne si k dispozicii udaje o stave fungi-
cidnej rezistencie z oblasti strednej a vychodnej Eur6py. Pozornost’ je veno-
vana dynamike populdcii s ohl'adom na zniZujicu sa senzitivitu najméi voci
triadimenolu, ale aj voti tebuconazolu (Folicur) a fenpropimorphu (Corbel).
Monitorovanie stavu fungicidne;j citlivosti vo¢i flutriafolu (Impact) a propi-
conazolu (Tilt), ktoré maju tieZ uplatnenie v praxi je v publikovanych vedec-
kych préicach zriedkavejsie.
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Na uzemi Slovenska sledujeme stav fungicidnej rezistencie od roku 1991.
V tejto prici sa zaoberdme vyvojom rezistencie regiondlnych populdcii pSe-
ni¢nej micnatky voli triazolovym fungicidom v rokoch 1992 a 1993.

MATERIAL A METODY

Vzorky spér z rdznych regiénov Slovenska a Mad’arska sme ziskali po-
mocou $pecidlneho zariadenia na odchyt spér (Schwarzbach, 1979),
umiestneného na streche automobilu. Termin odchytu spér bol v oboch sle-
dovanych rokoch 1992 a 1993 v poslednej dekdde méja. Spéry patogéna boli
zachytiavané na listovych segmentoch nichylnej odrody Kanzler, resp. Ko-
Sutka, ktoré nemaju Ziadny gén $pecifickej odolnosti. Po narasteni jednotli-
vych izoldtov boli tieto premnoZené opit’ na listoch nichylnej odrody
v klimatizatnom boxe pri teplote 18 °C a za stdleho osvetlenia. Vzorky spor
z lokality KoS8ice v roku 1992 boli ziskané formou stacionidrneho zberu.

Senzitivitu mi&natky sme testovali vo&i $tyrom fungicidom z triazolove;j
skupiny: Bayfidanu — i¢inn4 latka triadimenol, Folicuru — u¢inn4 latka tebu-
conazole, Tiltu — u¢innd l4tka propiconazole a Impactu — Glinn4 latka
flutriafol.

Rastliny nichylnej odrody boli jeden deii pred inokulovanim konidiami
muc¢natky nama¢ené v roztokoch fungicidov, ktorych koncentricie sa stup-
flovali logaritmicky podl'a faktora 3,16 v rozsahu 0,001-1 mg aktivnej latky
na 1 liter. Inokul4ciu sme uskuto&nili pomocou inokulovacej veZe, kde bol
zaisteny rovnomerny rozptyl konidii. Po 10 difoch po inokul4cii bol kvanti-
tativne hodnoteny podet koldnii na ovplyvnenych listoch a porovnivany
s kontrolou.

Pomocou probitovej analyzy sme vypocitali hodnoty EDso pre kazdy fun-
gicid, pre kazdu lokalitu a pre izemie Slovenska a Mad’arska. Tieto hodnoty
sme porovnavali s hodnotami EDs¢ pre $tandardné izoldty (Sappo a Benno)
a tak sme vypocitali hodnotu priememého rezistenéného faktora MRF, vy-
jadrujiceho, kol'kokrat je sledovand populécia rezistentnej$ia ako $tandard-
né citlivé izolaty. Hodnoty MRF sme vypoclitali tak na zdklade
geometrického priemeru (z hodnét log EDso), ako aj aritmetického priemeru
(z hodnét odlogaritmovanych). Z odlogaritmovanych hodndt sme tieZ vypo-
Citali aritmeticky priemer a smerodajni odchylku a na ich ziklade varia&ny
koeficient, ako ukazovatel variability jednotlivych popul4cii.
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VYSLEDKY

Ziskané udaje, predstavujice hodnoty priemernych rezistenénych fakto-
rov MRF, su zahruté v tab. [ a na obr. 1 a 2.

I. Senzitivita populdcii pSeniénej miénatky voli triazolovym aktivnym latkam na tizemi Ma-
d’arska a Slovenska v rokoch 1992 a 1993 (priemerné hodnoty MRF za jednotlivé krajiny
ziskané pomocou geometrického priemeru - MRFg a aritmetického priemeru - MRF3) — Sensiti-
vity of populations of powdery mildew of wheat to triazole active ingredients in Hungary and
Slovakia in the years 1992 to 1993 (average values of MRF for individual countries achieved
through the geometric mean — MRFg and arithmetic mean — MRFa)

Rezistent-| | 2 | poid Aktivna létka*

ny faktor triadimenol |tebuconazole | flutriafol |propiconazole

Sloveasos 1992 19,5 1,7 3,0 2,7

MRF, 1993 6,3 2,6 3,4 2,9

Madarsko® 1992 44,4 42 11,2 58

1993 83 2,2 2,4 33

Slovensko® 1992 70,9 33 7,2 3,5

MRF, 1993 11,4 3,5 5,4 3,5

Madarsko® 1992 97,8 11,3 16,1 7.8

1993 16,2 43 2,1 42

Iresistance factor; 2country; 3yea.r; %active ingredient; 3Slovakia; 6Hungary

NajvysSia rezistencia bola u populécii v oboch krajinich zaznamenana
voli triadimenolu, pri¢om mad’arskd populécia je menej citliva ako sloven-
skd. Zaroveil sa prejavuje jednoznaénd tendencia zniZovania rezistencie
v roku 1993 v porovnani s predchddzajicim rokom (tab. I). Regionilne roz-
diely sa prejavili v rezistencii voci tomuto fungicidu v Mad’arsku v roku
1993. Populdcia z vychodného Slovenska je voli triadimenolu citlivejsia ako
populécie z inych regiénov (obr. 1 a 2).

Spomedzi ostatnych troch fungicidov sa pri populdcidch pseni¢nej mug-
natky vyvinula relativne vy33ia rezistencia voci flutriafolu. T4to bola vysoka
v roku 1992 v mad’arskej populécii, av8ak v nasledujicom roku nastal vy-
razny pokles podobne ako u triadimenolu. Na Slovensku sme zaznamenali
najvy$$iu hodnotu MRF = 7 u regionélnej populécie zo severozipadné¢ho
Slovenska (obr. 2). Rezistencia vo&i propiconazolu sa udrZuje priblizne na
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IL. Variabilita rezistencie regiondlnych populdcii pSeni¢nej mignatky z izemia Mad'arska a Slovenska v rokoch 1992 a 1993 vyjadrend variainym
koeficientom (v %) vypo&itanym z hodndt EDso jednotlivych izoldtov a stav rezistencie vyjadreny aritmetickym MRF (MRFa) — Variability of
resistance of regional populations of powdery mildew of wheat from the territories of Hungary and Slovakia in the years 1992 and 1993 expressed
by variation coefficient (in %) calculated from the values EDsg of different isolates and condition of the resistance expressed by arithmetic mean

MRF (MRFa)
Aktivna latka®

Rok' | Regiondlna populdcia® n triadimenol tebuconazole flutriafol propiconazole
MRF, | [%] | MRFa | [%] | MRFa | [%] | MRF. | [%]
Standardy* 4 5.4 2,9 27,7 55,1
1992 Bratislava - Nitra 10 90,3 135,2 2,5 89,0 6,7 97,7 2,9 73,5
Kogice 11 53,4 138,8 4,0 95,8 7,5 114,8 4,0 97,9
Pépa - Székes 10 97,8 120,3 11,3 180,7 16,1 74,1 78 63,5
tandardy 25 54,1 42,6 91,2 63,4
Séitoral. - Moldava 21 8,0 116,4 2,9 117,6 2,5 779 34 107,7
Bratislava - Nitra 19 12,8 105,3 2,8 85,1 2,1 90,3 3,3 69,4
1993 Piedt'any - RuZomberok 15 14,5 132,1 53 101,2 7,7 113,0 4,1 91,0
Jaszber. - Karcag 20 12,1 131,5 1,7 72,9 1,6 86,5 3,2 78,7
Sarvér - Nagykan. 20 15,7 119,7 3,7 101,8 1,4 82,5 3,1 89,6
Nagykan. - Siéfok 16 28,7 71,5 3,4 58,4 3,6 48,5 6,0 78,4
Mairtonv. - Dunafdld. 20 10,8 120,5 2,9 62,6 22 85,0 5,0 117,3

'pobet testovanych izolatov — number of tested isolates

lyear; 2re:gional population; Sactive ingredient; “standards
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1. Variabilita rezistencie regiondlnych populécii v roku 1992 vyjadrend geometrickym rezis-
tenénym faktorom (MRFg) — Variability of resistance of regional populations in 1992 expres-
sed by geometric resistance factor (MRFg)

rovnakej urovni, i ked’ pri mad’arskej populdcii sme zaznamenali v roku
1993 zvy3$enie fungicidnej senzitivity podobne ako aj u predchidzajicich
fungicidov.

V na8ich experimentoch sa v oboch sledovanych rokoch ako najulinnejsi
fungicid prejavoval tebuconazole. Kym na Slovensku méZeme sledovat’ mier-
ny vzostup rezistencie, v Mad’arsku je tendencia v roku 1993 v porovnani
s rokom 1992 opana.

Ak berieme do uvahy hodnoty MRF ziskané na ziklade aritmetického prie-
meru, zistime, Ze tieto si ovel'a vy3sie neZ hodnoty MRF vypoditané pomo-
cou geometrického priemeru. Tieto hodnoty vypoditané rdznymi spésobmi
v8ak vo vi¢Sine pripadov rovnakou mierou odrdZaji vzostup, resp. pokles
rezistencie populdcii (tab. I).
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2. Variabilita rezistencie regionalnych populécii v roku 1993 vyjadrenéd geometrickym rezis-
tenénym faktorom (MRFg) — Variability of resistance of regional populations in 1993 expres-
sed by geometric resistance factor (MRFg)

Z vypoditanych hodndt variaénych koeficientov regionilnych populécii
(tab. II) vyplyva, Ze vetky populdcie sa vyznaluji vysokou variabilitou re-
zistencie voli fungicidom. Relativne najniZ$iu variabilitu vykazuju $tan-
dardné izolaty. NiZ8ie hodnoty variaénych koeficientov sa vyskytuja u tych
regionalnych populécii, ktoré sa vyznaluji zvySenou rezistenciou vo¢i niek-
torému fungicidu. Tak napriklad v roku 1992 boli najvyssie hodnoty MRF
pre triadimenol a flutriafol zaznamenané u mad’arskej populdcie (obr. 1).
U tejto populdcie boli pre spomenuté dva fungicidy vypod&itané najnizZsie va-
ria¢né koeficienty (120,3, resp. 74,1 %, tab. II). V roku 1993 bola najvyssia
hodnota MRF vo¢i triadimenolu zistena u populécie z oblasti Nagykanizsa-
Si6fok (obr. 2), pri¢om hodnota varianého koeficientu pri tejto populdcii
bola najnizdia (71,5 %, tab. II) zo vietkych hodndt pre triadimenol. Tento
vzt'ah zdvislosti medzi hodnotami MRF a variaénymi koeficientami nie je
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uplny (vid’ napr. hodnotu varia¢ného koeficientu populdcie z lokality Pie$t'a-
ny-RuZomberok pre flutriafol v roku 1993 (obr. 2, tab. II).

Na ziklade porovnania dosiahnutych vysledkov moZno vo v$eobecnosti
konstatovat’, Ze u sledovanych populécii nastal najmi na izemi Mad’arska
pokles rezistencie predovietkym voci triadimenolu a flutriafolu. Na Sloven-
sku sa takyto pokles prejavil pri triadimenole, kym vo¢&i ostatnym fungici-
dom zostdva rezistencia stabilizovan4 na nizkej trovni.

DISKUSIA

V stvislosti so stile intenzivnej$im pouZivanim fungicidov najmi v zi-
padnej Eurdpe sa rozvinuli programy na monitorovanie zmien fungicidne;j
senzitivity popul4cii pSeni¢nej mi&natky v roznych eurdpskych regiénoch.

Na zniZujuicu sa senzitivitu populdcii mi¢natky trdvovej na jameni uZ
v rokoch 1981 az 1984 poukézali Wolfe et al. (1984) a v rokoch 1982 az
1984 Waard et al. (1986) u p3eni¢nej miu€natky. Odvtedy sa hodnoty
MREF postupne zvy3uju. Ako zistili Felsenstein et al. (1991), hodnoty
MREF sa pri jalmeni v rokoch 1986 az 1988 zvy3ili ro¢ne priblizne o 40 %.
Felsenstein (1991) zistil niz8§ie hodnoty MRF vo vychodoeurdpskych
krajindch v porovnani so zdpadnou Eurépou. Ako uddva Schulz (1993),
mozZnost’ vzniku rezistencie vo¢i triazolovym fungicidom v stredo- a vycho-
doeurdpskych krajinich sice nie je nulova, ale riziko prekonania u¢innosti
fungicidov je malé. Toto riziko je malé najmi v désledku menSicho poltu
aplikdcii fungicidov. Podl'a nadich vysledkov sa v nami sledovanych popula-
cidch vyskytuji okrem senzitivnych izolatov aj izolaty mi¢natky so zvySe-
nou fungicidnou rezistenciou a po intenzivnej aplikicii fungicidov by sme
mohli ofakdvat’ aj vyraznejsie zmeny v senzitivite populdcii patogéna.

Dynamiku vyvoja fungicidnej senzitivity na tizemi Slovenska méZeme
sledovat’ porovndvanim vysledkov, ktoré ziskal Felsenstein (1991) v ro-
ku 1989 a nasich vysledkov v roku 1991 (Svec et al., 1993), resp. v rokoch
1992 a 1993. Prvé zndme udaje o triadimenolovej rezistencii pSeni¢nej mid-
natky z izemia Slovenska (z roku 1989) st MRF = 17 pre zapadné Sloven-
sko a sedem pre vychodné Slovensko (Felsenstein, 1991). V roku 1991
bol zisteny na zdpade Slovenska vzostup rezistencie voci triadimenolu aZ na
hodnotu 32 MRF (Svec et al., 1993). Ako vidiet’ na obr. 1 a 2 v rokoch
1992 a 1993 sa senzitivita izolatov z tohto regiénu zna¢ne zvysila. Predpo-
kladdme, Ze tento pokles rezistengie nastal v dosledku zniZenej aplikacie
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fungicidov. Populdcie mi&natky pomerne rychlo reaguju na zmeneny se-
lek&ny tlak a za jeho nepritomnosti sa vyselektuji izolaty s vysokou citlivos-
tou. Posun rezistencie méZe byt znalny aj v ramci jednej sezény (Koller
etal., 1993).

Vseobecne zvy3ena citlivost’ (resp. pokles rezistencie) voci vietkym sle-
dovanym triazolovym fungicidom je charakteristick4 aj pre mad’arska popu-.
l4ciu p3eni¢nej mu¢natky. Tento pokles rezistencie je dokonca vyraznejsi
ako v populdcii zo Slovenska. Zd4 sa, Ze populécia mucnatky na izemi Ma-
darska, €o sa tyka fungicidnej rezxstencne sa vyznatuje podobnou dynami-
kou vyvoja ako populdcia na SloVensku Kym v roku 1986 (Enisz, Sagi,
1988) bola rezistencia voti fungicidom este na nizkej urovni, neskér sa po-
stupne hodnota rezistencie zvy$ovala (aZ nahodnotu MRF = 44 v roku 1992)
a napokon v roku 1993 nastalo vyrazné zniZenie hodnoty rezistencie. Podob-
ny pokles rezistencie v dosledku nepritomnosti selekéného tlaku bol zisteny
aj pre iné regiondlne populdcie (Waard et al., 1986). Vyrazné regiondlne
rozdiely suvisiace s mnoZstvom aplikovanych fungicidov zaznamenali Fel-
senstein etal. (1991).

Dosial’ uvddzané hodnoty MRF, &i uZ nami vypoditané, alebo citované, st
hodnoty vypoditané na zdklade geometrického priemeru. V tejto praci uva-
dzame aj hodnoty ziskané pouZitim aritmetického priemeru, ktoré sa v po-
rovnani s predchiddzajicimi ovela vy3Sie. Tieto hodnoty su preto vy3sie, Ze
okrajové triedy v rdmci distribicie hodnét rezistencie (najmi rezistentné
izol4ty) nadobudaja po odlogaritmovani vy3ie Ciselné hodnoty, neZ ako je
tomu pri logaritmickych hodnotidch. NiZ3ie hodnoty MRF ziskané z geome-
trického priemeru zase vyplyvaji z asymetrického charakteru logaritmické-
ho rozdelenia hodndt rezistencie. Okrem toho ndm S$tatistické spracovanie
odlogaritmovanych hodndt umozZiiuje aj vypo&et parametrov variability jed-
notlivych siborov, ako napr. smerodajnej odchylky a variaéného koeficien-
tu. Nami vypocitané hodnoty variatnych koeficientov ukazuji, Ze vicSinou
tie regiondlne populécie, ktoré su charakteristické vy33im stuptiom rezisten-
cie voci urditému fungicidu, sa zdrovei vyznacuji ziZenym varianym roz-
pitim. T4to zniZend variabilita je pravdepodobne ddsledkom negativnej
selekcie vodi citlivej$im izolatom, ktoré si z populécie likvidované zdsahom
fungicidu.

Celkove moZno zhmut’, Ze populdcie pSeni¢nej micnatky z izemia Slo-
venska a Mad’arska sa vyzna&ujui vysokou citlivostou voci triazolovym fun-
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gicidom, a Ze tieto fungicidy su zatial’ efektivne pri chemickej ochrane ras-
tlin.
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M. Svec, M. Mikloviéovd, E. Krippel (Department of Genetics,
Faculty of Natural Sciences, the Comenius University, Bratislava, Slovak Republic)

Resistance of powdery mildew of cereals and grasses
(Erysiphe graminis f. sp. tritici Marchal) in Slovakia and Hungary
to some fungicides in the years 1992 and 1993

In the years 1992 and 1993 the condition of resistance of powdery mildew popu-
lations was studied in wheat (Erysiphe graminis f. sp. tritici) from Slovakia and
Hungary to four triazole fungicide-efficient substances: triadimenol, tebuconazole,
flutriafol and propinconazole.

Samples of spores of various regions of Slovakia and Hungary were taken by
special apparatus for trapping the spores, placed on the roof of a car. Spores of
pathogen were trapped on leaf segments of susceptible varieties Kanzler and
Ko#$utka and repeatedly re-reproduction on the same varieties. Plants of a suscepti-
ble variety were a day prior to inoculation with conidia of powdery mildew dipped
in solutions of fungicides whose concentrations gradated logarithmically within
0.001 and 1 mg of active ingredient . I"'. 10 days from inoculation the test has been
assessed. Through the probit analysis the values EDso were calculated for each fun-
gicide, each locality and for the territories of Slovakia and Hungary.

The highest resistance in the populations of both countries was found to triadi-
menol, while the Hungarian population is less sensitive compared with the Slovak
one. Amongst the other three fungicides in populations of the powdery mildew of
wheat relatively higher resistance to flutriafol has been developed. In our experi-
ments in both investigated years tebuconazole was found to be the most effective.

In view of dynamics of the development of resistance in recent years a marked
increase in the sensitivity of powdery mildew from Hungary to all studied fungi-
cides has been observed. Compared with the previous year the population of the
powdery mildew from Slovakia to triadimenol is more sensitive. An application of
triazole fungicides in Hungary and Slovakia till now is efficient enough in the pre-
sent chemical protection of plants.

triazole fungicides; powdery mildew on wheat; resistance of populations
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UCINNOST DRUHOV TRICHOGRAMMA EVANESCENS WESTWOOD
A TRICHOGRAMMA MAIDIS PINT. et VOEG. PROTI VIJACKE
KUKURICNEJ (OSTRINIA NUBILALIS HBN.)

NA CUKROVEJ KUKURICI

Jén TANCIK, Zivica RADINOVA', Franja BACA*

) Vysoka $kola polnohospodarska, Katedra ochrany rastlin, A. Hlinku 2,
949 76 Nitra, Slovenska republika; 1He'mz_')'ska industrija Zorka, Subotica
a ’Institut za kukuruz Zemun Polje, Beograd-Zemun, Juhoslavia

V predloZenej préci s uvedené vysledky pouZivania Trichogramma
evanescens Westwood a Trichogramma maidis Pint. et Voeg. proti vi-
ja&ke kukuri¢nej (Ostrinia nubilalis Hitbner) na cukrovej kukurici lo-
kalita Ruski Krstur, Juhoslévia. Druh Trichogramma evanescens sme
ziskali z Ustavu pre jadranské kultiry v Splite a druh Trichogramma
maidis z Ustavu ochrany rastlin v Kostinbrode, Bulharsko. V pokusoch
proti prvej generacii vijatky kukuriénej v roku 1989 sme pouZili
v troch davkach s celkovym poétom 170 000 jedincov T. evanescens,
alebo 150 000 jedincov T. maidis na 1 ha. Proti druhej generécii vijag-
ky kukuri¢nej sme v roku 1989 pouZili 350 000 jedincov T. evanescens
na hektar v $tyroch ddvkach. V roku 1990 sme pouZili 364 000 jedincov
T. evanescens proti prvej generacii a 650 000 jedincov T. evanescens
na hektdr v Siestich ddvkach proti druhej generécii vijacky kukuriéne;j.
V roku 1991 sme proti prvej generécii vijatky kukuri¢nej pouZili
400 000 jedincov T. maidis na hektar v troch davkach. Biologicka 0&in-
nost’ T. evanescens pri hodnoteni napadnutia $ulkov bola v rozpati od
8,3 do 75,0 %, T. maidis od 36,3 do 53,3 %. Biologick4d u¢innost’
T. evanescens pri hodnoteni napadnutia stebla bola v rozpiti 14,3 aZ
36,1 %, T. maidis od 36,3 do 41,8 %. Vyskyt hisenic na rastline bol od 0,08
do 6,0 kusov na o3etrovannych variantoch a od 0,1 do 10,0 kusov na kontrole.

Ostrinia nubilalis (Hibner), Trichogramma evanescens Westwood;
Trichogramma maidis Pint. et Voeg.; vypustanie trichogramy; cukro-
vé kukurica

Druhy rodu 7richogramma ako biologicky €initel’ v ochrane rastlin sa po-
uzivaju proti roznym $kodcom asi na 18 miliénoch hektaroch pddy v 16 kra-
jinach sveta (Hassan, 1991). Osemnast’ druhov rodu Trichogramma sa
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pouziva proti $kodcom kukurice, cukrovej trstiny, ryzZe, sdje, bavlny, cukro-
vej repy, zeleniny a ovecia (Hassan, 1991). Tento spdsob je u€inny, lacny
a mdZe sa pouzivat’ na celom svete (Hassan, 1980). Na Slovensku sa prvé
vypustanie trichogramy domdceho pdvodu uskutonilo v roku 1988 v PD
Druzba v Pie$t'anoch na ploche 4 ha cukrovej kukurice. Toto vypuastanie bo-
lo moZné po zaloZeni masového chovu tohto parazita v roku 1987 a jeho
produkcii v ZdruZeni pre realiz4ciu biotechnolégii v Spolo¢nom pol'nohos-
podarskom liahdrenskom podniku v Nitre v izkej spolupraci s Ustavom experi-
mentilnej fytopatolégie a entomolégie SAV v Ivanke pri Dunaji. V pokuse sa
pouZzila trichograma hnedé — Trichogramma evanescens Westw. rozmnoZena vo
vajiCkach psoty obilnej — Sitotroga cerealella (Birova etal., 1990). Skisenos-
ti s vypustanim trichogramy v Juhoslavii st tieZ malé. Danon (1989) v roku
1987 a 1988 v pokusoch pouZil druh Trichogramma pretiosum Riley, premno-
Zeny v laboratériu Ustavu pre jadranské kultiry v Splite, proti vijalke kukuri¢-
nej na zrnovej kukurici. Aplikiciu urobil dvomi spdsobmi: nalepenim
parazitovanych vaji¢kok na ramiky, ktoré umiestnil na rastliny, a priamym vy-
pudtanim parazitovanych vaji¢ok z lietadla.

Cielom tejto prace bolo stanovit’ biologicka u¢innost’ parazita Tricho-
gramma spp. proti vijatke kukuri¢nej na cukrovej kukurici a zhodnotit’ jej
moZnost’ pouZivania v praxi.

MATERIAL A METODY

Pokusna a kontrolna plocha

Pokusy boli zaloZené na vyrobnych plochich obsiatych cukrovou kukuri-
cou na lokalite Ruski Krstur. Pokusy pri prvej generécii vijaky kukuri¢nej sme
zalozili na odrode Seneca Horison a pri druhej generacii na odrode Jubile.

V rokoch 1989 a 1990 bola oSetrovana a kontrolna plocha velkosti 1 ha,
medzi nimi bol 70metrovy ochranny pds. Pri druhej generacii bola cukrova
kukurica pod zdvlahou. V roku 1991 bola o$etrend a kontrolna plocha 1,3 ha
s tromi opakovaniami. Okrem nich bol aj variant o3etreny insekticidom Ka-
rate 2,5 EC v davke 0,3 1 v 300 litroch vody na ha.

PouZita trichograma a sposob aplikacie

V pokusoch sme pouZili druhy Trichogramma evanescens a T. maidis.
T. evanescens bola premnoZen4 na Ustave pre jadranské kultiry a meliorciu
krasu v Splite pod vedenim Dr. Vladimira Pelicarica a 7. maidis na Ustave
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ochrany rastlin v Kostinbrode, Sofia pod vedenim Dr. Dimitrija Kostadino-
va. T. evanescens sa rozmnozovala vo vaji¢kach vijatky mucnej — Ephestia
kuehniella a T. maidis vo vaji¢kach psoty obilnej — Sitotroga cerealella.
Parazitované vajitka s trichogramou sme nalepili na harok papiera, ktory
sme rozdelili na listky vel’kosti 40 x 20 mm a tie sme rozloZili po pokusnej

I. Poget trichogramy a ditum aplikacie - Number of parasites released and date of application

| | Gene- Trichogramma Aplikicia®
ARk récia’ T 3 s 6 7
druh pocet na ha ditum davka sposob
14. 06. 50 000 vajitka
T. evanescens| 170 000 22. 06. 80 000 vajitka
1. 28. 06. 40 000 vajitka
14. 06. 50 000 vajitka
1989 T. maidis 150 000 22. 06. 50 000 vajitka
28. 06. 50 000 vajitka
02. 08. 75 000 vajitka
2. T. evanescens| 350 000 08. 08. 75000 vajitka
14. 08. 100 000 vajitka
18. 08. 100 000 vajitka
15. 06. 85 000 vajitka
1. | T evanescens| 369000 20. 06. 77000 vajitka
23. 06. 100 000 vajitka
27. 06. 100 000 vajitka
1990 26. 07. 92 000 vajitka
31. 07. 96 000 imago®
2. | T. evanescens| 650 000 05. 08. 116 000 vajitka
10. 08. 150 000 vajitka
16. 08. 108 000 vajicka
23. 08. 95 000 imago
30. 06. 100 000 vajitka
1991 18 T. maidis 400 000 05. 07. 100 000 vajitka
10. 07. 200 000 imago

lyear, 2generation; 3quanlity of released Trichogramma per ha; “application; Sdate; 6qua.ntity
released; 7method; 8e:ggs; %adult
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ploche na vzdialenost’ 6 aZ 9 m jeden od druhého v podobe siete. Listky
s trichogramou sme kladli do listovej podvy. V roku 1990 sme aplikovali aj
iméga parazita. Listky s nalepenymi vaji¢kami parazitovanymi trichogra-
mou sme vloZili do skimaviek. Po vyliahnuti trichogramy sme skimavky
rovnomerne rozmiestnili na 150 miest na pokusni plochu. Skimavky sme
lepili pod horny list kukurice. Vypuastanie trichogramy sme urobili podl'a
naletu motyl'ov vijacky kukuri¢nej do svetelného lapa¢a a na zdklade vysky-
tu vaji¢kovych znd3ok na 20 rastlindch kukurice. Prvi aplikiciu sme urobili
v Case, ked ndlet samiCiek trval uz pit’ aZ sedem dni a po prvom vyskyte
vaji¢ok na listoch kukurice. Davky trichogramy a datumy aplikdcie s uve-
dené v tab. 1.

Monitorovanie vija¢ky kukuritnej

Vyskyt motylov vijalky kukuri¢nej sme sledovali svetelnym lapacom
umiestnenim na lokalite Ruski Krstur v blizkosti pokusov (tab. II).

Vyskyt zna¥ok vajitok

Znasky vaji¢ok sme zist'ovali na spodnej strane listov 20 rastlin — po Styri
rastliny na piatich miestach na parcely v podobe pismena V. Kazdé d’alSie
hodnotenie sme robili z opa¢nej strany pokusnej plochy. Vyskyt vaji¢ok je
uvedeny v tab. III.

Hodnotenie biologickej uinnosti trichogramy

Hodnotenie biologickej u¢innosti vypustenej trichogramy sme robili na
zaklade rozborov rastlin v ase mlienej zrelosti $ul’kov (vo faze technologickej
zrelosti cukrovej kukurice). Kazdu rastlinu sme rozrezali, vybrali vietky
hasenice zo stebla a $ul'kov, zaznamenali sme ich polet a zaroveii i pocet
napadnutych i zdravych stebiel a $ulkov. Rovnaky rozbor sme urobili aj na
kontrolnej ploche. Z hodnét ziskanych rozborom rastlin na o$etrovanej plo-
che trichogramou a na kontrolnej sme vypocitali biologickd u€innost’ tricho-
gramy v percentach podl'a Abbottovho vzorca:

u¢innost’ [%] =[(A-B)/A]. 100

kde: A - polet napadnutych rastlin v kontrole
B - polet napadnutych rastlin na o¥etrovanej ploche
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II. Dynamika ndletu vijatky kukuriénej do svetelného lapada na lokalite Ruski Krstur v rokoch
1989 aZ 1991 - The number of European Corn Borer (ECB) moths caught into the light traps in
Ruski Krstur during the years 1989-1990

Pocet motylov v roku’
Mesiac' Dekada®
1989 1990 1991
1. 0 3
M4j 2. 0 28
3. 0 209 4
1. 40 172 19
Jin 2 172 136 133
3 328 188 113
L 167 4 140
Jul 2 25 10 12
3, 103 105 29
1. 397 257 394
August 2. 691 1168 468
3. 246 179 587
1. 34 63 413
September 2. 19 50 227
3. 11 67 28

!month; 2decade; *number of ECB moths in the year

V roku 1989 sme rozbory rastlin robili 12. jula (pri prvej generdcii) a 2. sep-
tembra (pri druhej generdcii), v roku 1990 17. jila a 5. septembra a v roku
1991 12. augusta (pri prvej generacii).

VYSLEDKY

Vijatka kukuri¢nd mi v severnej Casti Juhosldvie dve generdcie za rok.
V obdobi rokov 1973 aZ 1988 dominovala druhd generdcia $kodcu (Bada,
HadZistevic, 1989). Potvrdzuju to aj nase udaje (tab. II). Priemerny po-
¢et motylov druhej generidcie behom troch rokov bol trikrat va&si
(5587:1852) ako polet prve;j.
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IIL. Pocet znadok vijatky kukurinej na 20 rastlinich cukrovej kukurice v rokoch 1989 az
1991— Number of egg masses on 20 plants of sweet com in the period 1989-1991

Poget®
Rok' Genericia® ho;):(::iaa vajitkovych | poskodenych . -
zné¥ok’ rastlin® hseolp
08. 06. 0 0 0
L. 13. 06. 1 0 0
1989 19. 06. 2 1 0
29. 07. 0 0 0
2. 10. 08. 1 0 0
19. 08. 0 4 4
08. 06. 0 0 0
L 13. 06. 1 1 1
18. 06. 1 1 1
R 24, 07. 0 0 0
2 29. 07. 2 0 0
02. 08. 3 0 0
07. 08. 4 0 0
. " 19. 06. 1 0 0
26. 06. 2 3 3

lyear; 2generation; A date; 4number; ? egg masses; Snumber of attacked plants; "number of larvae

V roku 1989 sme zistili jedno maximum ndletu motyl'ov prvej genericie
vijaCky kukuri¢nej a v rokoch 1990 a 1991 dve maxima naletu do svetelnych
lapalov (tab. II a obr. 1).

Na zdklade trojro&nych udajov o nilete motylov vijatky kukuri¢nej do
svetelného lapada vidime, Ze nalet motylov prvej generdcie trva pribliZzne 20
dni. Vel'ky vplyv na to maji poveternostné podmienky, najmi suma efektiv-
nych tepl6t. V roku 1990 bol zaliatok masového naletu uz v tretej dekade
méja a trval pocas celého jina, kym v roku 1989 a 1991 zacal v prvej dekade
juna a trval aZ do konca prvej dekady jula.

Niélet druhej generdcie vijacky kukuri¢nej zafal koncom druhej dekady
jula a maximum dosiahol v druhej (v rokoch 1889 a 1990), alebo v tretej
dekéde augusta (v roku 1991). Cim skor sa objavila prva genericia motyTov,
tym bol vacsi polet motyl'ov druhej generacie. Napadnutie porastov kukurice
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X  IV. Hodnotenie napadnutia stebiel a §ulkov cukrovej kukurice a biologickej u&innosti trichogramy pogas 1. a 2. generdcie vijatky kukuri¢nej na
lokalite Ruski Krstur v rokoch 1989 aZ 1991 - Analysis of 100 sweet corn plants treated with Trichogramma and untreated during the first and the

second generation of ECB in Ruski Krstur, Yugoslavia, in the period 1989-1991

Steblo* Surok’ Husenice6
Rok! Genez- O#etrenie3 % uginnost’ % uginnost’ po&et uginnost’
racia napadnutych [%] napadnutych [%] na rastlinu [%]
a b c d e f
T.evanescens 16,0 36,0 11,0 83 0,21 44,7
| | kontrola’ 25,0 - 12,0 - 0,38 -
1989 T. maidis 7,0 36,3 7,0 36,3 0,08 20,0
' kontrola 11,0 - 11,0 - 0,10 =
5 T. evanescens 36,0 14,3 17,0 29,2 6,00 40,0
kontrola 42,0 - 24,0 - 10,00 -
1 T. evanescens 23,0 36,1 9,0 75,0 0,39 59,4
1990 kontrola 36,0 - 36,0 - 0,96 -
5 T. evanescens 58,9 15,9 42,4 24,5 2,10 19,8
kontrola 70,0 - 56,2 - 2,62 -
T. maidis 25,0 41,8 7,0 53,3 0,20 42,8
1991 1 kontrola 43,0 - 15,0 - 0,35 -
Karate 2,5 9,0 79,1 3,0 80,0 0,07 80,0

lyear, 2generation of ECB; 3treatment; 4stalk; Sear, 6larvae; "control
a — percentage of attacked stalks, b — percentage of reduction = efficacy (control — treatment: x 100/control; ¢ — percentage of attacked ears,
d — percentage of reduction = efficacy; e — number of larvae per plant, f — percentage of reduction = efficacy
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druhou generéciou vijatky kukuri¢nej vel'mi zdvisi od poveternostnych pod-
mienok v auguste.

Pri prezerani 20 rastlin jeden deii pred aplikciou trichogramy v roku 1989
v pokuse s prvou generdciou vijatky kukuri¢nej sme na$li jednu vaji¢kovia
znaSku. V pokuse s druhou generdciou vijatky kukuri¢nej sa $tyri dni pred
aplikiciou trichogamy nepodarilo ndjst’ vajickové znasky, neskor 4no (tab.
III). To znamena Ze aplikicia bola urobend v spradvnom termirie. Dva dni
pred aplikéciou trichogramy v roku 1990 sme zistili v pokuse s prvou gene-
raciou vijacky kukuri¢nej jednu znasku a jednu poskodeni rastlinu a v po-
kuse s druhou generaciou Ziadne vaji¢kové znasky. To znamen4, Ze pri prvej
generécii sme sa s vypust'anim oneskorili. Napriek tomu sme pri prvej gene-
racii vijatky kukuri¢nej v roku 1990 zaznamenali vysoku biologicka u¢in-
nost’ trichogramy. V pokuse s druhou generaciou vijatky kukuri¢nej bola
aplikdcia urobend na ¢as a zaznamenali sme nizku u¢innost’. V roku 1991
v pokuse s prvou generaciou vijatky kukuri¢nej sme tri dni pred aplikiciou
trichogramy na$li na dvadsiatich rastlinich dve vaji¢kové znasky a tri rastli-
ny boli poskodené. To znamend, Ze sme vypustanie trichogramy zacali
s oneskorenim.

Biologick4 ulinnost’ trichogramy pri napadnuti stebla bola v rozpéti od
14,3 do 41,8 %. Podstatne vy$$ia biologicka u¢innost’ bola pri napadnuti $GI’-
kov, od 8,3 do 75,0 %. V naSich pokusoch sme najvy$8iu biologicki u&in-
nost’ trichogramy dosiahli v pokuse pri prvej generdcii vijacky kukuriénej
v roku 1990 pri napadnuti $ulkov (73,5%) Na zdklade priemernych hodndt
troch ukazovatel'ov (napadnutia stebiel, napadnutia $ul'kov a potu husenic)
pri pouziti dvoch druhov trichogramy (7. evanescens a T. maidis) mdZeme
konstatovat’, Ze medzi pouZitymi druhmi trichogramy neboli vyraznejsie
rozdiely v biologickej udinnosti. 7. evanescens v pokusoch pri prvej ge-
nerdcii vijatky kukuri¢nej mala priemernu biologicka u&innost’ 43,2 %
a T. maidis 38,5 %.

Pri jednorazovom pouZiti insekticidu Karate 2,5 EC (0,3 1/ha) dosiahli
sme dvojndsobne vicSiu insekticidnu uinnost’ ako pouZitim 7. maidis, ¢o uka-
zuje na potrebu d’alSieho zdokonal'ovania metdd pouZivania trichogramy.

DISKUSIA

Danon (1989) v pokusoch v rokoch 1987 a 1988 pouzil 300 tisic jedin-
cov Trichogramma pretiosuma a dosiahol 22,5 az 51,7% biologicku i¢innost’
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pri rastlindch napadnutych vijaCkou kukuri¢nou. Je to priblizne rovnaka bio-
logicka u¢innost’, aki sme zanamenali aj v nasich pokusoch. O niefo vys$8iu
biologicku uéinnost’ zistili Birov a etal. (1990), ktori aplikovali 260 az 280
tisic jedincov Trichogramma evanescens v Styroch terminoch. Biologicka
u¢innost’ pri napadnuti rastlin bola 24,2 % a pri zniZeni po¢tu hasenic 53 %.

V krajinich, kde sa tejto problematike venujui dlhSiu dobu v pokusoch aj
v praxi, dosahuju ovela lepSie vysledky. Hassan et al. (1991) v rokoch
1986 az 1989 aplikovali v dvoch terminoch po 75 000 jedincov Trichogram-
ma evanescens, ¢im dosiahli redukciu po¢tu lariev vijacky kukuri¢nej v roz-
sahu od 76,0 do 84,9 %. Termin prvého vypustania trichogramy bol
niekol'’ko dni pred zaciatkom kladenia vaji¢ok vija¢ky kukuri¢nej na kukuri-
cu. Bigler (1986) uvadza vysledky z pouZitia trichogramy vo Svajéiarsku
v rokoch 1982 azZ 1984 na osivovej kukurici. ZniZenie napadnutia sa pohybo-
valo od 60 do 90 %.
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Efficiency of Trichogramma evanescens Westwood
and Trichogramma maidis Pint. et Voege, in the control of European
corn borer (Ostrinia nubilalis HBN) on sweet corn

Results of effects of egg parasites, Trichogramma evanescens Westwood and
T. maidis Pint and Voeg, on European corn borer (Ostrinia nubilalis Hbn.) in sweet
corn in the location of Ruski Krstur are presented in this paper. Production of 7. eva-
nescens and T. maidis was provided by the Institute for Adriatic Agriculture and
Karst Reclamation, Split, Croatia and Institute for Plant Protection, Kostin Brod —
Sofia, Bulgaria, respectively. In the control of the first generation of European corn
borer, 170 000 individuals of T. evanescens and 150 000 individuals of T. maidis
(three releases) were used in trials during 1989, while in 1990, 369 000 indivi-
duals of T. evanescens (four releases) and 400 000 individuals of 7. maidis (three
releases) were used in 1991.

In the control of the second generation of Ostrinia nubilalis Hbn., 350 000 indivi-
duals of T. evanescens (four releases) and 650 000 individuals of 7. evanescens (six
releases) were used during 1989 and 1990.
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Biological efficiency of Trichogramma evanescens according to reduction of ear
attack ranged from 8.3 to 75.0 % and from 36.4 to 59.0 % for T. maidis, respectively.
According to the number of attacked plants, biological efficiency amounted to 14.3
to 36.1 % for T. evanescens and to 36.4 to 41.2 % for T. maidis. Number of caterpil-
lars per plant ranged from 0.08 to 6.00 on the treated plot and from 0.1 to 10.0 on the
control plot.

Ostrinia nubilalis Hiubner, Trichogramma evanescens Westwood;, Trichogramma
maidis Pint. et Voeg.; release of Trichogramma;, sweet corn
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POLNI SCREENING PETI ODRUD PSENICE OZIME
NA REZISTENCI VUCI MSICIiM

Helena HAVLICKOVA

Vyzkumny tstav rostlinné vyroby, 161 06 Praha-Ruzyné, Ceskd republika

V letech 1989 a 1991 aZ 1993 byla zjidt'ovéna polni rezistence p&ti odrid
ozimé pSenice — Hana, Regina, Sparta, Viginta, Zdar — vii¢i msicim
Metopolophium dirhodum Walk., Rhopalosiphum padi L. a Sitobion
avenae F. podle vyb&ru (preference, nonpreference) odriidd m8icemi pfi
migraci a abundance m3ic na rostlindch ve fazi 71 Tottmanovy stupni-
ce. Zastoupeni a Eetnost mSic v jednotlivych letech kolisaly. Nejvy3si
napadeni rostlin bylo zaznamenéno v roce 1989. U v3ech tfi druhd msic
byla abundance m3ic na jednotlivych odriiddch pozitivng ovlivnéna
preferenci. Podle &tyfletych vysledki je moZné predpoklddat nonpre-
ferenci (antixenézu) odriidy Regina vii¢i S. avenae a odriidy Hana viigi
msicim R. padi a M. dirhodum. MoZny antibiézni G¢inek uvedenych
odriid na mSice je tfeba ové&fit.

odriidy p3enice; Metopolophium dirhodum;, Sitobion avenae;, Rhopalo-
siphum padi, polni rezistence

Ve viech oblastech intenzivniho péstovani obilnin je aktudlnim problé-
mem sniZeni $kod plisobenych obilnimi m3icemi, které patii k nejvyznam-
n&j$im $kidcim obilnin. Vzhledem k velkym plochdm p&stovani obilnin je
stile vétsi diraz kladen na ziskdvani a vyuZiti odrid s vy$8i hladinou pfiro-
zené rezistence vic¢i mdicim, kterd by sniZila, pfipadné zcela vyloudila na-
ro&nou chemickou ochranu. Dosud se podafilo stanovit n€které mechanické
(Acreman, Dixon, 1986) a chemické (Leszczynski, 1987) faktory
rezistence podmitiujici nonpreferenci (antixenézu) a antibiézu (Painter,
195; Kogan, Ortman, 1978) obilnin vii¢i micim.

Zékladnim postupem pfi ziskdvani jedinci ¢i odrid se zvy$enou rezistenci
vii¢i $kiidcim je polni screening, vychizejici z rozdilii ve stupni napadeni
rostlin v pfirozenych podminkich péstovani (Fritsche et al., 1988). Tento
postup je bé&Zn& pouZivan i pfi hodnoceni soubori odrid a linii obilnin na
rezistenci proti obilnim msicim (Lowe, 1984; Lee 1983; Dedryver,
Pietro, 1986; Leszczynski, 1987).
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V pfedchozich pokusech jsme na modelovém souboru 13 odriid pSenice
ozimé, vybranych ze sortimentu pSenic udrzovanych v genobance Vyzkum-
ného tstavu rostlinné vyroby v Praze, zaznamenali prikazné meziodridové
rozdily ve stupni napadeni obilnimi m$icemi v prib&hu vegetace rostlin
(Havli¢kova, 1989) a rozdily v hladin¢ a mechanismech rezistence vici
msici Sitobion avenae (F.) (Havlitkova, 1993). Metody a postupy vypra-
cované v pfedchozim obdobi byly pouZity pfi polnim screeningu p&ti vykon-
nych odriid pSenice ozimé na rezistenci vii¢i obilnim msicim.

MATERIAL A METODY

K pokusiim byly vybridny odridy Hana, Regina, Sparta, Viginta a Zdar.
PSenice byly péstovany na pokusném pozemku v Praze-Ruzyni na &tverco-
vych poli¢kach obklopenych izola¢nim padsem p$enice obdobnym zplisobem
jako pfi zjitovani rozdild ve stupni napadeni pSenice msicemi v piedchozi
prici (Havli¢kova, 1989). Pokusy byly opakovéany ve &tyfech letech:
1989, 1991, 1992 a 1993. Rok 1990 byl pro opoZd&ny a pfili§ nizky vyskyt msic
z hodnoceni vynechan.

Zjistovani rozdili v rezistenci pSenic bylo zaloZeno na rozdilech ve vyb&-
ru (preference — nonpreference, tj. antixen6za) odriid msicemi a abundanci
(vhodnost — nevhodnost, tj. antibiéza) msic na rostlinich. Pfi zjidt'ovani an-
tixen6zy odriid msicemi se vychdzelo z poétu larev F1 na odnoZ, porozenych
aldtnimi m3icemi pfi primarnim ndletu na p3enici (Havlitkova, 1987).
Kritériem pro posouzeni antibi6zy byl pofet msic na odnoZ v obdobi, kdy
byla vétdina rostlin na pfechodu z faze kveteni do faze mlé¢né zralosti (faze
71-Tottman, 1987). Bylo hodnoceno 50 (1989) aZ 80 fertilnich odno od
kazdé odridy.

Rozdily v rezistenci odriid proti micim byly vzhledem ke kolisini vysky-
tu mic v jednotlivych letech posuzoviny podle odchylek hustoty msic (la-
rev) na jednotlivych odriididch od priméného napadeni viech testovanych
odriid v daném roce.

VYSLEDKY

Ve sledovanych &tyfech letech —1989, 1991, 1992 a1993 — byly na testova-
nych odridich p3enice pfitomny v riznych hustotich tfi druhy obilnich
msic: kyjatka travni — Metopolophium dirhodum (WIk.) (dile MD), msice

222



Ochr. Rostl., 30, 1994 (3) : 221-231

stfemchova — Rhopalosiphum padi (L.) (RP) a kyjatka osenni — Sitobion
avenae (F.) (S4). Nejvyssi abundance viech tfi druhli msic na rostlinich byla
zaznamenana v roce 1989, v nasledujicich letech zastoupeni jednotlivych
druhi msic na rostlinich kolisalo.

Nejvy33i kolisdni v hustot®¢ m3ic na p3enicich v ramci sledovanych let
i vybranych odrid bylo zji$téno u MD. Polet larev MD se pohyboval od
0,005 (odrida Zdar, 1993) do 1,05 (odriida Regina, 1989 a 1992) a prim&my

/4
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1. Vyb&r (preference) odrid pienice ozimé msici Metopolophium dirhodum a hustota (abun-
dance) msic na rostlindch ve fazi 71 Tottmanovy stupnice v letech 1989, 1991, 1992 a 1993 -
Preference of winter wheat cultivars by the aphid Metopolophium dirhodum and aphid abun-
dance on the plants at stage 71 of Tottman’s scale in the years 1989, 1991, 1992 and 1993
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polet msic na odnoZ ve fazi pfechodu rostlin z kveteni do mlé¢né zralosti od
0,7 (odrida Zdar, 1993) do 110 (odriida Zdar, 1989) msic na odnoZ (obr. 1).
MsSice R. padi se vyznaCovala nejvétS§imi rozdily v ndrocich na hostitele,
které se projevily jak pfi vybéru odrid, tak pfi rychlosti reprodukce na rost-
linich. Kromé roku 1989, kdy prim&mé polty msic na rostlinich ve fazi 71
u preferované odridy Sparta pfesahovaly 70 jedinci na odnoZ (odriida Spar-
ta — bily sloupec, obr. 2), byl vyskyt tohoto druhu msice na pSenicich nizky.
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Hana Regina Sparta Viginta Zdar

laverage number of larvae per tiller; 2average number of aphids per tiller in the years 1989 and

1992; average number of aphids per tiller in the years 1991 and 1993

2. Vybé&r (preference) odriid p3enice ozimé miici Rhopalosiphum padi a hustota (abundance)
méic na rostlindch ve fézi 71 Tottmanovy stupnice v letech 1989, 1991, 1992 a 1993 — Preference
of winter wheat cultivars by the aphid Rhopalosiphum padi and aphid abundance on the plants
at stage 71 of Tottman’s scale in the years 1989, 1991, 1992 and 1993

224



Ochr. Rostl., 30, 1994 (3) : 221-231

Zv1ast nizky vyskyt RP v roce 1993 neumoznil ziskat idaje o rozdilech v
preferenci a i v priib&hu vegetace se tento druh msice vyskytoval na rostli-
nach sporadicky.

S. avenae byla na pSenicich pfitomna kazdy rok, v&etn& roku 1990, ktery
nebyl pro nizky vyskyt ostatnich druhii msic uvaZzovan. Prim&my podet la-
rev na odnoZz nepoklesl u Zddné z testovanych odriid b&hem opakovani poku-
st pod 0,05 (odridy Viginta a Sparta, 1993) a nepfesahl hodnotu 0,5 (odriida
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Hana Regina Sparta Viginta Zdar

laverage number of larvae per tiller; 2average number of aphids per tiller in the years 1989 and
1992

3. Vybér (preference) odriid p3enice ozimé msici Sitobion avenae a hustota (abundance) msic
na rostlindch ve fazi 71 Tottmanovy stupnice v letech 1989, 1991, 1992 a 1993 — Preference of
winter wheat cultivars by the aphid Sitobion avenae and aphid abundance on the plants at stage
71 of Tottman’s scale in the years 1989, 1991, 1992 and 1993
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Hana, 1992). Hustota msic na rostlinich ve fazi 71 se pohybovala v prim&ru
od jedné (odridy Sparta a Viginta, 1991) do dvanicti msic (odrida Hana,
1989) na odnoZ (obr. 3).

Vybér odrid pii migraci (preference) ovlivnil pozitivn¢ stupeit napadeni
rostlin ve fazi 71 (abundance) (obr. 1 aZ 3). Nejvyraznéji se tento vztah proje-
vil v roce 1989, kdy byla korelace mezi vyb&rem a napadenim odriid u viech
druhi msic statisticky vyznamna (S4 a MD P < 0,05, RP P <0,001). Pro S4
byl pozitivni vztah mezi preferenci odriid a abundanci msic na rostlinich
statisticky vyznamny ve v8ech &tyfech letech. U RP byla tato korelace statis-
ticky vysoce vyznamné potvrzena v roce 1992 (P < 0,001). Hodnoty ziskané
uMD v letech 1991 a 1992 zna¢né& kolisaly, ale i pfi nizkém po&tu m3ic v roce
1993 byl vztah mezi t¢mito sledovanymi udaji na hladin€ prikaznosti (P <
<0,l). '

Porovnani odchylek v &etnosti msic (larev) na jednotlivych odriidich od
prumé&rného napadeni viech odriid v daném roce ukazalo rozdily v polni re-
zistenci odrid vi¢i mSicim, podminéné pfedev§im rozdilnym vyb&rem od-

S. avenae R. padi M. dirhodum
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4. Rozdily ve vyb&ru (preference — nonpreference) odriid penice ozimé Hana, Regina, Sparta,
Viginta a Zdar msicemi podle odchylek od prim&mého podtu larev na odridach v jednotlivych
letech. Prim&my polet larev na odnoZ (n = 4, osa y) - S. avenae = 0,22, R. padi = 0,34,
M. dirhodum = 0,44 — Preference and nonpreference of winter wheat cultivars Hana, Regina,
Sparta, Viginta, Zdar by the aphids according to deviations from the average number of larvae
on the cultivars in the particular years. Average number of larvae per tiller (n = 4, y-axis) —
S. avenae = 0.22, R. padi = 0.34, M. dirhodum = 0.44
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rid pfi migraci (nonpreference, antixen6za). V obdobi niletu msic byly rost-
liny vé€tsinou ve fazi sloupkovani aZ vymetani, s mirnym vyvojovym piedsti-
hem odriid Hana a Sparta (v roce 1989 i odriidy Viginta) vii¢i odriiddm
Regina a Zdar. Podle sumarnich vysledkid ze ¢tyf pokusnych let msice
S. avenae preferovala pti vyb&ru hostitele odriidu Hana a opomijela odriidu
Regina. R. padi divala ve vSech letech pfednost odridé Sparta a M. dirho-
dum odrid€ Regina, zatimco odriida Hana byla ob&éma druhy msic opomije-
na (obr. 4).

V souladu s preferenci byla na odridé Hana zaznamendna nejvy3$8i repro-
dukce msic S4 v prib&hu vegetace rostlin, zatimco na nepreferované odriidé
Regina byla mnoZivost tohotu druhu msice relativné nizka (obr. 5). Podobn&

S. avenae R. padi M. dirhodum

M Hana
Regina
2] Sparta
Viginta
[ Zdar

Vhodnost

Nevhodnost

4,0

S. Rozdily v abundanci (vhodnost — nevhodnost) msic na odriidéch p¥enice ozimé Hana, Regi-
na, Sparta, Viginta a Zdar podle odchylek od prim&mé infestace odriid v jednotlivych letech.
Prim&my podet miic na odnoZ (n = 4, osa y) - S. avenae 5,05, R. padi 15,3, M. dirhodum 30,7
(hodnoty z roku 1989 upraveny koeficientem 0,5) - Differences in aphid abundance (suitability
— unsuitability) on winter wheat cultivars Hana, Regina, Sparta, Viginta, Zdar according to
deviations from the average infestation of the cultivars in the particular years. Average number
of aphids per tiller (n = 4, y-axis) — S. avenae = 5.05, R. padi = 15.3, M. dirhodum = 30.7 (the
1989 values adjusted with coefficient 0.5)
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i RP se nejvice mnoZila na preferované odridé Sparta, a to s velkym rozdi-
lem vii¢i vdem zbyvajicim odriddm (obr. 5, stfedni sloupec). U msice MD
byly zaznamendny jak pfi vybéru odrid (obr. 4), tak v abundanci msic na
rostlindch ve fazi 71 (obr. 5) nejniZéi odchylky od prim&mych hodnot infes-
tace. Nejvice se msice namnoZily na preferované odridé Regina, zatimco
odridy Sparta a pfedevsim pfi vybéru hostitele opomijens odriida Hana vykaza-
ly vii¢i tomuto druhu msice kromé& antixenézy i mirnou hladinu antibi6zy.

DISKUSE

Vysledky &tyfletého hodnoceni polni rezistence péti vykonnych odrid
pSenice ozimé vi¢i mdicim S. avenae, M. dirhodum a R. padi potvrdily roz-
dilné poZadavky jednotlivych druhd msic na hostitele (Vereijken, 1979;
Dixon, 1987). Porovnani idajt z jednotlivych let ukdzalo kolis4ni v husto-
t¢ a zastoupeni druhd msic na testovanych odridach v priibéhu opakovani
pokusi, se kterymi je tfeba pii polnim screeningu obilnin na rezistenci vici
msicim poditat (Acreman, Dixon, 1986). Nejvy3si Cetnost msic na pSe-
nicich byla zji$t€na v roce 1989, kdy se obilni m3ice pfemnoZily nejen na
p3enicich, ale i na planych travach rodu Triticeaea (Holubec et al., 1993).
V rozporu s vysledky pfedchozich let (Havli¢kova, 1989) byla v roce
1991 a pfedevsim v roce 1993 relativné nizka abundance M. dirhodum, alko-
liv tento druh mSice béZné pfedstavuje 60 az 80 % z celkového po¢tu msic na
pSenici (Honé&k, 1991).

Pfi hodnoceni rezistence odriid pSenice vii¢i micim bylo statisticky pro-
ké4zano, Ze stupeii napadeni odrid v prib&hu vegetace byl v pfimé pozitivni
korelaci s preferenci odriid pfi migraci na p3enice. Obdobny vysledek byl
zjistén i v pfedchozich pokusech (Havli¢kova, 1989, 1993). Opomijeni
rostlin hmyzem pfi vybé&ru hostitele, nonpreference, &astéji nyni oznalovana
terminem antixen6za (Kogan, Ortman, 1978), je jednim ze tfi hlavnich
mechanismi rezistence kulturnich rostlin proti $kidcim (Painter, 1951).
U obilnich m3ic hraje tento mechanismus rezistence zvlast’ vyznamnou roli,
protoZe na preferovanych odriidach je &astéj$i vyskyt virovych onemocnéni
pfenaSenych msicemi neZ na odriidach nepreferovanych (Kieckhefer et
al., 1980).

Podle vysledki polniho screeningu byly v testované kolekci p3enic pod-
chyceny odridy vice ¢i méné vhodné pro jednotlivé druhy msic. V souladu
s diiv&j8imi vysledky (Havlic¢kovd, 1989) byly nejvy3si meziodridové
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rozdily ve vyb&ru a napadeni rostlin zji$tény u R. padi a nejnizsi u M. dirho-
dum. Vy33i preference odridy Hana mgici S. avenae mohla souviset s mir-
nym vyvojovym piedstihem této odriidy vidi opomijené odridé Regina,
protoZe rozdily ve vyvoji rostlin mohou ovlivnit vybér hostitele mSicemi
(Dedryver, Pietro, 1986) i hladinu rezistence obilnin vu¢i t¢émto $kid-
cum (Lowe, 1978).

Rozdily ve stupni napadeni testovanych pSenic micemi v prib&hu vege-
tace ukazaly, Ze u n¢kterych odriid je mozné pfedpoklddat i¢ast nejen anti-
xendzy, ale i antibiézy. Antibidza je v souasné dob& nejvice studovanym
mechanismem rezistence obilnin vii¢i micim (Nicol etal., 1993). U vybra-
nych péti odrid, i na modelovém souboru 13 odriid pSenice (Havli¢kova,
1989), se podilely na rozdilech v polni rezistenci vii¢i msicim pfedevsim roz-
dily ve vybéru hostiteld na po¢atku kolonizace rostlin. Jak bylo zji$t¢no
(Basedow, 1987, Havlitkov4, 1993), miZe se reprodukce msic na od-
radéch obilnin v nekrytych polnich pokusech li8it od reprodukce v laboratofi
&i ve skleniku. Proto je nezbytné ové&fit moZny antibiézni i¢inek méné napa-
denych odriid v polnich pokusech umélou infestaci rostlin v kontrolovanych
sklenikovych podminkach.
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H. Havli¢kovd (Research Institute of Crop Production,
Praha-Ruzyné, Czech Republic)

Field screeningof five winter wheat cultivars on resistance to aphids

In 1989, 1991-1993, field resistance to cereal aphids of the winter wheat cultivars
Hana, Regina, Sparta, Viginta and Zdar was evaluated. The year 1990 was omitted
because of low occurence of aphids on experimental plants. Two criteria were used
to estimate the resistance: aphid preference for cultivars during the first aphid mi-
gration on wheat, and aphid abundance on plants at stage 71 of Tottman’s scale. In
all years, the cereal aphids Metopolophium dirhodum (Walk.), Rhopalosiphum padi
(L.) and Sitobion avenae (F.) infested the plants. Both proportions between the
aphid species and their density varied among years and wheat cultivars. The highest
infestation of plants by all aphid species was noted in 1989.

In all aphid species, especially in S. avenae, a positive correlation between aphid
preference for cultivars (nonpreference, antixenosis) and aphid abundance on
plants (antibiosis) was observved. According to the results of 4 years nonpreference
(antixenosis) to S. avenae in the cultivar Regina and to R. padi and M. dirhodum in
Hana may be supposed. It is desirable to verify under conditions that exclude the
effect of host preference whether antibiosis plays a role in the relatively lower in-
festation of these cultivars.

winter wheat cultivars, Metopolophium dirhodum; Sitobion avenae;, Rhopalosi-
phum padi, field resistance
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AKTUALITY

Slechténi obilnin na rezistenci k chorobim v Ceské republice’

Zalétky ¥lecht®ni obilnin na odolnost k chorob4m v Ceské republice spadaji do
tficatych let, kdy se prof. Peklo (1932, 1942) zabyval $lechténim p3enice na odolnost
ke rzi plevové, i kdyZ pfi vybérech Slechtitelé vénovali pozomost i napadeni rzi pSe-
ni¢nou a rz{ travni.

Po druhé svétové vélce dosédhli jako prvni pozoruhodnych Gsp&chil ve Slechténi
p3enice na odolnost ke rzim K. ZadraZil ve spolupréci s P. Bartofem (ZadraZil,
Barto§, 1964). KiiZili odriidy p3enice seté s Triticum timopheevi Zhuk. Prvni od-
ridu je¢mene jarniho Merkur s odolnosti k padli travnimu podmin&nou genem Mig
vySlechtil Fadrhons (1962).

Av3ak teprve systematicky vyzkum fytopatologickych a genetickych zdkladl pro
Slechténi na odolnost, se kterym bylo v souvislosti s epidemickymi vyskyty padli
travnifho na jedmeni a rzi plevové na pSenici zapoCato ve Vyzkumném udstavu obil-
néafském v Kromé&fiZi a ve Vyzkumné tstavu rostlinné vyroby v Praze-Ruzyni kon-
cem padesatych let, vytvafi podminky pro efektivni 3lechténi na rezistenci.

Vyzkum rzi a padli travniho na p3enici, je¢meni a ovsu patfi u nis k nejpropraco-
van&j$im z hlediska Slecht&ni na rezistenci, coZ se projevilo i v isp&Sich naSich Slech-
titeld.

Pozoruhodné jsou v3ak i neddvné isp&chy nasich Slechtitell pfi tvorb& odriid p3e-
nice ozimé odolnych ke stéblolamu.

Typy rezistence a jejich charakteristiky

Z hlediska dédi¢ného zaloZeni hovotime o rezistenci oligogenni (major genové)
a polygenni (minor genové). Tomuto &lenéni z hlediska epidemiologického vEtSinou
odpovidaji Vanderplankovy vyrazy rezistence vertikélni (specifick4) a rezistence ho-
rizontalni (nespecifickd) (Vanderplank, 1968).

Snad aZ na zalatky je Eeské rezistentni Slechténi obilnin ke rzim orientovéno na
major genovou rezistenci, ptip. jeji kombinaci s polygenni odolnosti v dosp&losti.
V ptipad€ rzi m4 tento pfistup plné opodstatnéni.

* Ptedneseno na 3. zasedéni $lechtiteld v Bm& 17. 2. 1994.
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Strategie genetické ochrany obilnin proti chorobam

Strategie Slecht&ni a p&stovani odolnych odriid obilnin, jeZ byla formulovéna tepr-
ve neddvno, se projevila i v priib&hu vice neZ tficeti let na3eho Slechténi obilnin.

Poznatky z genetické variability biotrofnich patogent (rzi a padlf) ukazaly, Ze ve
v&tsing pfipadd monofaktoridlni rezistence k témto chorobdm mé relativné kratkou
dobu u¢innosti, i kdyZ pravdépodobné existuji rozdily mezi jednotlivymi major geny
a variabilitou patogen.

Rezistence zaloZend na n&€kolika major genech v jednom genotypu se v soucasné
dob& povaZuje za jeden z nejprogresivnéjich zpisobll vyZiti specifické rezistence,
napf. proti rzim. Multigenni odrida, ktera je altemnativou multiliniovych odrud,
by méla obsahovat n&kolik novych major gend. Idedlni se ukazuje inkorporace tf
genl. Aby takova rezistence byla patogenem pfekonéna, musely by u n& v jedné
buiice na tfech nezévislych lokusech sou¢asné nastat tfi homozygotn& recesivni nebo
dominantni mutace pro virulenci. Pfedpokléda se, Ze p&stovani multigennich odriid
se Sirokym spektrem rezistence spolu s vhodnym regionalnim rozmisténim pouZiva-
nych genil podstatn& prodlouZi dobu G&innosti jednotlivych major geni.

Znalost genetické podstaty je zdkladni podminkou pro ureni moZnosti kombinace
n&kolika genil. Mnoholetné alely, jak je zndme u je¢mene k padli, sniZuji moZnosti vy-
tvofit Siroce zaloZenou rezistenci, protoZe geny patogena pro virulenci patrn& nejsou ale-
lické a mohou se tedy vytvafet kmeny patogena s Sirokym rozsahem virulence.

Uspéch Siroce zaloZené specifické rezistence také spodivé v tlasti jednotlivych
geni v komplementdmich nebo aditivnich vztazich.

Pii polygenni rezistenci Slechtime na odolnost k nekrotrofiim (fakultativnim pa-
razitim) Septoria nodorum, Fusarium spp., vi¢i kterym zatim nezndme major ge-
novou rezistenci. DileZita je v3ak také polygenni rezistence k padli, rzi plevové a rzi
ovesné, pfip. jeji kombinace se specifickou rezistenci.

Kombinace major genové a minor genové rezistence nabizi zpiisob, jak stabilizo-
vat odolnost odriidy proti dileZitym chorobam, proti kterym neméme dostatek major
geni.

Oligogenni rezistenci inkorporujeme do odriid s vysokou hladinou polygenni re-
zistence, coZ je moZné pomoci zp&tného kfiZeni. MoZny je i opa&ny postup.

U p3enice bylo dosaZeno nejvétsich tsp&chil ve Slechténi na polygenni rezistenci,
ptip. jeji kombinaci s rezistenci oligogenni proti rzi plevové. Odolnost v dospélosti
maji zejména vychodoevropské odriidy. Také proti rzi pSeni¢né vzhledem k jeji pro-
ménlivosti a pfezimovéni v uredidlni fazi se ukazuje perspektivni $lecht®ni na nespe-
cifickou, polygenni rezistenci. Tento typ odolnosti byl napf. zjistén u odriid Knox,
Rusalka, Skorosp&lka 3b aj.
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Kombinace hypersenzitivnich typl specifické rezistence s odolnosti kvantitativni
je zékladem tsp&chu genetické ochrany proti padli travnimu (slow mildewing) jak
u p3enice, tak u je¢mene a ovsa.

Zd4 se, Ze multiliniové odridy sestdvajici z ur¢itého podtu témeéf izogennich linii
(izolinif) a li8ici se pouze svymi major geny pro odolnost k ur¢ité chorobg jiz byly
(alespoti v Evrop&) pfekondny smé&smi odriud, ptip. smésmi linii.

Zajimavé se ukazuje regiondlni rozmisténi major geni rezistence v rdmci evrop-
ského kontinentu, ale i na Grovni mensich tzemnich celkd, ptip. i jednotlivych farem,
jak se to jiz delsi dobu Gsp&3né praktikuje ve Velké Brit4nii. To by viak pfedpoklé-
dalo mit i u nds k dispozici vhodny sortiment pé&stovanych odrid s riiznymi typy
rezistence a kaZdoro¢ni informace o efektivnosti jednotlivych typi rezistence.

P3enice

P3enice se Slechti na rezistenci k chorob4dm, proti kterym neni G¢inné mofeni osiva,
jako jsou napf. rzi, ale i k fad& dalsich chorob (padli, choroby pat stébel, septoriézy,
fuzariézy). Je-li odolnosti odriidy pfekonéna, je nutné vicendsobné o3etfeni, ptipad-
né& pouZiti specidlnich ptipravki. '

Rez travni. U rzi travni (Puccinia graminis f. sp. tritici) do roku 1972 pfevladaly
rasy 21 a 14, pozd&ji rasy 11, 34 a dal3{ s virulenci ke genu Sr 5. Tento gen maji
odridy Jubilejn4, Iljiovka, Solaris, Juna a Viginta. V soutasné dob& je nejroziife-
n&j3im genem ke rzi travni Sr 31, odvozeny od Zita. Poprvé by gen Sr 31 pfenesen do
odridy Solaris (1976 aZ 1987). V roce 1987 méla v Ceskoslovensku gen Sr 31 jiZ
jedna tietina povolenych odriid (Agra, Danubia, Roxana, Sabina, Selekta, Solaris).
Odriidy Hana, Hela, Mara, Slavia a Vala maji gen Sr 29 pro stfedni odolnost ke rzi
travni.

Perspektivni se ukazuje vyuZiti genu Sr 11, ktery maji naSe odriidy p3enice 0zimé
Iris a Ilona a p3enice jarni Sylva. Za&ina se vyuZivat rezistence z Triticum monococ-
cum a T. timopheevi (Barto§, 1991).

Poméme dlouhodobou G&innost genu Sr 31 si Ize vysvétlit cizim pivodem inokula
P. graminis f. sp. tritici z jihovychodni Evropy a snad aZ z vychodni Afriky nebo
Malé Asie, kde se gen Sr 31 asi vyuZiva zatim jen mélo. Nicmén& kombinace tohoto
genu s n&kterym z dalSich gend (typl) rezistence, napf. s genem rezistence Sr 11, jak
je tomu v odriidg Iris, by byla velmi vhodné.

Rez plevova. Viechny naSe odriidy p3enice jsou ke rzi plevové (P. striiformis)
v dospelosti odolné nebo stftedn& odolné. Jejich odolnost je podmin&na major i minor
geny. Z major genl se nejéast&ji vyskytuje gen Yr 9, odvozeny od Zita. Je tfeba dbat

235



Ochr. Rostl., 30, 1994 (3) : 233-242

na komplexni zaloZeni rezistence ke rzi plevové, protoZe ta se u nas uchovava v ure-
didlni fazi a stdle hrozi nebezpeti namnoZeni virulentni rasy, napf. ke genu ¥r 9.

Rez p¥enind. Podobné jako rez plevovd, pfezimuje rez pSeni¢nd (P. persistens
var. triticina) v uredidlni f4zi. Je velmi variabilni. Gen rezistence Lr 26 ze Zita, ob-
saZeny v fad& naSich odriid, byl jiZ pfekovéan. Z dalsich Lr geni je pro Slechténi ve
sttedni Evrop& vhodny gen Lr 9 z Aegilops umbellulata, Lr 19 z Agropyron elonga-
tum a gen z T. monococcum. Je viak tfeba se orientovat, podobné jako u rzi plevové,
na minor genovou rezistenci, kterou maji odridy Rusalka, Skorospélka 3b, Knox
a Viginta (Barto§, 1991). Snad by bylo vhodné hodnotit novo3lechténi pSenice i na
toleranci ke rzi pSeni¢né (Barto§, Stuchlikova, 1990, Barto$§ etal., 1990).

Padli travni (Erysiphe graminis f. sp. tritici) patfi u nas nyni k nejroz3ifenéjim
houbovym chorobam p3enice. Je to velmi variabilni patogen.

Jak zjistila Hanu$ova (1992), z tficeti ¢eskych a slovenskych odriid p3enice
ozimé polovina obsahuje zndmé major geny rezistence (Pm 2, Pm 4b, Pm 6, Pm 8).
Tyto geny jsou v3ak jiZ pfekondvany. V polnich pokusech byly nejodoln&;3i odridy
Soldur, Agra (Pm 2, Pm 6), llona, Torysa (Pm 2, Pm 6), Viginta a Blava. Z hlediska
rezistence k padli se ukazuji zajimava novoslecht&ni pSenice SO 2392, SO 8561, UH
139 a SK 8090. Perspektivné se pocita s vyuZitim rezistence rodu Aegilops, zejména
Ae. speltoides (HanuSova, 1992; Hanu3ova, Barto$§, 1993). Zajimavym se
také ukazuje vyuZiti hexaploidnich derivatd odriidy Soldur (7. durum) odolnych
_ k padli. Vyznamné je vyuZiti odolnosti v dospé&losti. Metoda plochy pod kfivkou
rozvoje choroby (ADPC) se ukazala jako vhodna pro stanoveni tohoto typlt odolnosti
(Formanova, 1992).

Brani¢natka plevov4, fuzariézy klasu. Bylo zapodato s rozpracovavanim pato-
logicko-genetickych zakladd pro Slechténi. Slechti se na minor genovou rezistenci
nebo toleranci. Za tolerantni se povaZuje anglickd odriida M. Huntsman. Odridy
Zdar a Hana jsou k brani¢natce pomé&mé nejodoln&jdi (TvaraZek, 1993).

Stéblolam. Stfedné odolné ke stéblolamu (Pseudocercosporella herpotrichoides)
jsou odriidy Zdar, Sabina a Selekta (rezistence z Cappelle Desprez) a odriida Regina.
Intenzivné se pracuje na vyuZiti vy33i rezistence z Ae. ventricosa (VPM 1, Roazon,
Rendezvous) (Sebesta et al., 1987, 1991a, b).

Pro identifikaci rezistence z Ae. ventricosa byl navrZen biochemicky test
(McMillin etal., 1986), zaloZeny na vazb& mezi isozymovym lokusem pro endo-
peptiddzu a genem pro rezistenci ke stéblolamu na chromozomu 7DL. Zd4 se v3ak,
Ze vybrané linie by mé&ly byt porovnavény i v patologickém testu, ktery umoZiiuje
stanovit podil minor genové rezistence (Sebesta et al., 1989).
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Rhizoctonia cerealis. Slechténi na odolnost k Rh. ceralis se zd4 byt proveditelné.
Odolnost ke kofenomorce byla zjisténa u odriidd Rapier a Hustler (Scott et al.,
1987). '

Gaeumannomyces graminis. Nejsou zndmy zdroje vysoké, reprodukovatelné re-
zistence p3enice k ernéni kofeni a pat stébel. Pfedpokladé se, Ze problém by mohl
byt feditelny pfi vyuZiti potencidlnich zdroji rezistence rodd Secale, Agropyron, Ae-
gilops, Hordeum a zejména rodu Avena a pfenosu genll pomoci molekuldrnich tech-
nik. Zjistilo se, Ze rezistenci ke G. graminis propijéuji avenaciny, jeZ jsou
podminény né€kolika aditivnimi geny (Scot et al., 1989).

Je¢men

Padli travni. Podobné jako na p3enici je Erysiphe graminis f. sp. hordei velmi
variabilni i na je¢meni.

O rozpracovani zdkladi pro Slechténi je¢mene na odolnost k padli, transfer geni
do relevantnich materiali a tvorbu fady odriid se velmi zaslouZil F. Briickner. V roce
1964 byla povolena prvni odriida je¢émene Merkur s genem odolnosti k padli Mig. Do
konce roku 1992 bylo povoleno 43 odriid jemene jamiho, z toho je &tyfi bez odol-
nosti k padli, est odriid s genem Mig, 25 odriid s jednim jinym genem a osm odrid
s rezistenci podmin&nou dv&ma geny. V letech 1976 aZ 1985 byly povoleny odridy
se sedmi novymi geny rezistence k padli: prvni dvouliniové odriida Rubin s geny
Milal a Mla7, prvni odriida s kombinaci odolnosti k padli a rzi je¢né (Karét) a prvni
odriida s kombinaci rezistence k padli, rzi je¢né a hn&dé skvmitosti (Zenit). Jak uvadi
Dreiseitl (1993a, b), od roku 1980 nebyla u nis p&stovana Z4dn4 odriida bez re-
zistence k padli. Alelu Ml al3 m4 osm odriid (Safir, Kordl, Krystal, Karat, Bonus,
Zenit, Perun, Novum), alelu Ml a6 maji tfi odridy (Jaspis, Orbit, Profit)
(Brickner, 1984; Dreiseitl, 1989).

Monofaktori4ln& zaloZené rezistence jsou pom&mé rychle pfekonanany. Skoda, Ze
odriida Forum s nespecifickou rezistenci k padli &ekala na povoleni aZ do roku 1993,
1 kdyZ byla hotova jiZ pfed 10 aZ 15 lety (Briickner, 1993a).

Rez jetnd. Gen Pa 3 pro specifickou rezistenci ke rzi je¢né (P. hordei), inkorpo-
rovany do odriid Karét, Zenit a Perun, byl pom&me rychle pfekondn. Zd4 se, Ze bude
vhodné kombinovat G¢inné geny Pa s minor geny. ZkuSenosti s odolnosti odridy
Cebada Capa zatim nejsou dobré. Vhodna se ukazuje orientace na kvantitativni re-
zistenci odridy Vada.

Hnéd4 skvrnitost. Sifeni a $kodlivost houby Pyrenophora teres je na postupu.
K poznéni genetické variability populaci P. teres v riznych regionech Ceské repub-
liky a zjisténi potencidlnich zdroji rezistence vyznamné& pfispéla Minafikova
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(1993). Z domécich odriid je¢mene je odolna odriida Kredit, ve které je ve vazb&
s genem rezistence k padli MI-(1192), a také odrida Zenit. Jak uvadi Briickner
(1993b), je perspektivni orientace na &asteénou, stfedni odolnost.

Rhynchosporiové skvrnitost. Byl vySlechtén kmen odolny k Rhynchosporium
secalis, ktery obsahuje gen rezistence Rh 4 a gen Mlo pro odolnost k padli.

Oves

Z chorob ovsa kontrolovatelnych geneticky zasluhuji zminku padli, rez ovesna
arez travni. V poslednich letech jsou na postupu hn€da skvmitost, brani¢natka oves-
né a z vir6z Zluta zakrslost je¢mene (BYDV).

Padli travni. Ve $lechténi ovsa na odolnost k padli se u nas hojné& vyuZival gen
Eg 3. Zatim nepfekonany je gen Eg 4 z A. barbata. Pozomost Slechtitell ovsa se
soustfed’uje na rezistenci linie Pc 54 (Sebesta et al., 1993) a hexaploidni derivaty
diploidu A. pilosa (APR 122, APR 166), transgresivni linie OM 1387 a OM 1621
a odriidu Melys, kterd je také tolerantni k BYDV.

Rez ovesnd. Ke 1zi ovesné (P. coronata f. sp. avenae) jsou u nés, ale i v jinych
evropskych zemich velmi uéinné geny z A. sterilis Pc 39, Pc 50-2, Pc 54-1, Pc 55,
Pc 58,Pc 59 aPc 68 (Sebesta etal., 1991b). Siroce se Slechtitelsky vyuZiva i mul-
tigenni rezistence odriidy Garland.

Rez travni. Ke rzi travni (P. graminis f. sp. avenae) je nejen u nés, ale i v jinych
zemich Evropy velmi G¢innd kombinace major geniit Pg 4 a Pg 9 a dale major geny
Pg 13, Pg 15, Pg 16 a genovy komplex Pg a. Odolnost ke rzi travni, ale i ke rzi
ovesné obsahuje cela fada naSich pokro¢ilych materiali.

Hnéda skvrnitost (Pyrenophora avenae) se v poslednich letech u nas vyskytuje
pomé&meé &asto a ve vy33i intenzit&. Nase odridy Zlatdk a Adam a n3l. KR 8122 a KR
9046 byly k ruzyiiské populaci P. avenae odolné.

Brani¢natka ovesna. K Leptosphaeria avenaria f. sp. avenaria se se $lechténim
na rezistenci je§t& nezadalo. Aviak jak ukazuji vysledky ze sousednich statd (Se-
besta etal., 1993), jde o chorobu vyznamnou. N&které ovsy odolné ke rzim a padli
byly i méné napadeny brani¢natkou.

Zluta zakrslost jetmene. Tato viréza se stavé i v Evropé prvofadou chorobou.
Jsou dostupné zdroje rezistence (tolerance) ke Zluté zakrslosti s rezistenci ke rzim.
Za&ina se se Slechténim na odolnost.

Zito

U Zita je vyznamna zejména plisefi snéZnd (Fusarium nivale). Znamé jsou i silné
vyskyty rzi travni (P. graminis £. sp. secalis) a rzi 2itné (Puccinia dispersa) a padli
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(E. graminis f. sp. secalis). Jsou znamy odriidy odoln&jsi k t¢émto chorobam. K plisni
sn&Zné byly odoln&jii odridy Budanské, Floridnka aj. Slechténi na rezistenci kom-
plikuje cizosprasnost Zita.

Kukufice

Slechténi kukutice se orientuje zejména na odolnost k hnilob4m (Fusarium grami-
nearum, F. moniliforme) a sné&ti kukuti¢né (Ustilago maydis). Odolnost k t¥émto cho-
robam je zaloZena polygenné.

Zavéry

1. Slecht&ni a pEstovéni odriid obilnin rezistentnich k chorobdm je zakladem jejich
vysoce ekonomické a ekologické ochrany a zdravi ¢lovéka a zvifat, Odolnost
odriidy k chorobém je zékladem organického p&stovéni obilnin.

2. Ve Slechténi obilnin na rezistenci k chorobém bylo v Ceské republice
v minulych n&kolika desetiletich dosaZeno mnoho tGsp&chi. Dlouhodobého
ucinku rezistence k biotrofium (rzim, padli) Ize dosdhnout kombinaci n&kolika
major gend, pfip. kombinaci major genl a minor genl detekovanych
v dospélosti.

3. .Nejvy3ssi efektivnosti ve Slecht®ni na rezistenci je moZné dosdhnout Gzkou
spolupraci vyzkumniki se Slechtiteli a pfeddvanim relevantnich donori rezis-
tence a patotypil patogena pro detekci gend (typil) rezistence Slechtitelim
v pritb&¢hu Slecht&ni. .

4. Z divodi jak dlouhodobého u¢inku rezistence v naich podminkach, tak
moZnosti prodeje novych odrid do zahranii je tfeba efektivnost
doporu¢ovanych novych genu (typi) rezistence proti listovym mykézém hodno-
tit v evropském méfitku. Monitoring rozifeni populaci listovych patogend, je-
jich virulence a agresivity v Evrop& by mé&] byt zdkladem.

5. Zatimco proti rzim se v&tSinou Gsp&3n& vyuZivd major genové rezistence, zejmé-
na pii tvorb& odrid s multigenni rezistenci, ptip. komplexni odolnosti v do-
spélosti, proti padli je nutnd kombinace specifické rezistence s rezistenci
nespecifickou.

6. Pri Slechténi pSenice na rezistenci ke stéblolamu pfi pouZiti odolnosti Ae. ven-
tricosa (VPM 1, Roazon, Rendezvous) je vhodné kombinovat biochemicky, en-
dopeptiddzovy test s naslednym testem patologickym, jenZ umoZiiuje stanovit
hladinu kvantitativni rezistence.
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7. Zékladem efektivniho $lechténi obilnin na kvantitativni rezistenci, pfip. toler-
anci k nekrotrofim (Fusarium spp., Septoria nodorum, Pyrenophora teres, Py-
renophora avenae) je regiondlni analyza agresivity patogena.

8. Ptedpoklada se, Ze problematiku rezistence obilnin k n&€kterym nekrotrofim
(Gaeumannomyces graminis) bude mozZné fesit uZitim molekularnich technik
pro pfenos rezistence z jinych rodt (Avena, Secale, Hordeum).__

9. Sohledem na situaci v sousednich zemich, ale i na ekonomiku p&stovéni obilnin
u nds navrhujeme zdiraznit v seznamu doporu¢ovanych odriid rezistenci odriidy
k chorobam.
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Ochr. Rostl., 30, 1994 (3) : 233-242
J. Sebesta, P. Bartos (Research Institute of Crop Production, Praha-Ruzyné, Czech Republic)

Breeding cereals for disease resistance in the Czech Republic

In the Czech Republic cereals have been systematically bred for disease resis-
tance since the early sixties. There is a close long-term lasting cooperation between
plant breeders and researchers.

. Plant pathologic and genetic fundamentals for resistance of wheat and oats to
rusts and mildew have been investigated in the Research Institute of Crop Produc-
tion in Prague-Ruzyné, those for resistance of barley to mildew and dwarf rust in
the Research Institute for Cereals in KrométiZ. Recently, research fundamentals for
resistance breeding of wheat to eyespot, glume blotch (Septoria nodorum), fusa-
rium diseases, foot and root rot and head blight and barley to net blotch (Pyreno-
phora teres) have been started in the above-mentioned Institutes, respectively.

In wheat stem rust resistance the rye gene Sr 31 has been the most distributed
one and still effective. Prospective is supposed the resistance conferred by Sr 11
and those derived from Triticum monococcum and T. timopheevi. All the Czech
wheat cultivars possess adult plant resistance to yellow rust. In relation to wheat
leaf rust the genes Lr 9, Lr 19 and that from T. monococcum are supposed to be of
importance in central Europe. A half of the Czech and Slovak wheat cultivars pos-
sess known Pm-genes (Pm 2, Pm 4b, Pm 6, Pm 8). It is relied on the resistance to
mildew derived from Aegilops (Ae. speltoides), Triticum durum and adult plant re-
sistance. Cvs. Zdar and Hana possess a certain level of resistance to glume blotch,
cvs. Zdar, Sabina, Selekta and Regina are moderately resistant to eyespot. How-
ever, currently, the eyespot resistance of Aegilops ventricosa has been widely used
in breeding programmes. By 1992, thirty-nine cultivars of spring barley resistant to
mildew had been licensed in the former Czechoslovakia eight of them possessing
two genes. In 1993 the spring barley cv. Forum with non-specific resistance to mil-
dew (ml-o gene) was licensed.

In oat resistance breeding the genes Eg-3 and Eg-4 and the types of adult plant
resistance (Pc 54, APR 122, APR 166, OM 1387 and OM 1621) have been used. In
relation to crown rust resistance the Avena sterilis genes Pc 39, Pc 50-2, Pc 54-1,
Pc 55, Pc 58, Pc 59 and Pc 68 have been highly effective against European popu-
lations of Puccinia coronata {. sp. avenae. In addition, the genes of the cv. Garland,
widely used in breeding programmes, still remain very effective. In relation to stem
rust resistance the genes Pg 4 + Pg 9, Pg 13, Pg 15, Pg 16 and the complex of three
recessive genes Pg a were indicated to be very effective against European popula-
tions of P. graminis's.sp. avenae. '

The importance of close cooperation of plant breeders and researchers and the
monitoring of the distribution, virulence and aggressiveness of cereal pathogens for
successful breeding is emphasized.
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ZIVOTNIi JUBILEA

Sedesatiny ing. Pavla Lasky, Csc.

Dne 13. 1. 1994 se doZije 60 let jeden z naSich pfednich v&deckych pracovniki
v oboru ochrany rostlin — ing. Pavel L 4ska, CSc.

Narodil se v Turnové v roding pravnika jako druhy ze sedmi déti. Pozdé&;ji se rodina
pfest€hovala do Prahy, kde studoval na akademickém gymnéziu (maturoval v roce
1952). Jiz v dobe stfedoskolského studia se zabyval problematikou hmyzu a stal se
¢lenem entomologické spolenosti. Po maturité studoval na Agronomické fakult®
Vysoké 3koly zem&dé&lské v Praze. Od tfetiho ro¢niku se specializoval na ochranu
rostlin. Nad pfedepsany rozsah studijnich disciplin se za¢al zabyvat pfirozenymi ne-
prateli m3ic nejprve v ramci tehdejSich studentskych v&deckych krouZki (SVK), po-
tom v rdmci diplomové prace. Pozdé&ji pracoval v radé SVK a jako pomocné védecka
sila na Katedfe ochrany rostlin. Vysokoskolské studium ukon¢il v &ervenci roku
1957 obhéjenim diplomové price Piirozeni nepfatelé n€kterych druhii msic (s po-
drobn&j$im zpracovanim larev pestfenek), z které jasn& vyplyvaly ptedpoklady au-
tora pro vyzkumnou a v&deckou praci. NeZ se v3ak k této ¢innosti dostal, musel
nastoupit na zdklad® umisténky na Strojni a traktorovou stanici v Nové Pace jako
rostlinolékaf. Tam pracoval tfi roky, behem nichZ se mu podafilo dosdhnout podstat-
ného zintenzivnéni ochrany rostlin v okrese a dostat se pfes neptiznivé terénni pod-
minky na prvni misto v o$etfeni ovocnych stromi v kraji. I kdyZ &innost v zame&stnani
byla velmi ndro&n4, nepfestal ve studiu pfirozenych nepfétel msic, hlavng pestfenek,
o nichZ jiZ v té dob& uvefejnil né€kolik praci.

Touha pracovat pfedevim na tseku vyzkumu byla napln&na 1. finora 1961, kdy
byling. L dska pfijat do Vyzkumného tstavu zelinifského v Olomouci. Rozsah jeho
¢innosti byl Siroky. Zadal se zabyvat feSenim ochrany mrkve pfed 3kidci (pfedeviim
pochmurnatkou mrkvovou zplsobujici Eervivéni kofentt a meruli mrkvovou zpiso-
bujici kadefeni listl). Nesledoval jen biologickou G¢innost insekticidnich ptipravki,
ale 1 jejich vliv na kvalitu kofent z hlediska rezidui. Pro zjitovani rezidui vypraco-
val velmi citlivou biologickou metodu, ktera se pozd&ji pouZivala i v zahrani¢i. Jeho
zasluhou nedoslo k ukvapenému povoleni n&€kterych insekticid nebezpe&nych z hle-
diska rezidui (dieldrin, aldrin), které se zadaly pouZivat i v n&€kterych vyspé&lych sta-
tech. Zvlast& dikladné zpracoval biologii merule mrkvové, ktera se stala pfedmétem
jeho kandidatské disertatni prace, kterou obhéjil v roce 1968. V dal3ich letech
fesil problematiku ochrany kostéalovin pfed m3ici zelnou, ochranu hlavnich druhii
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zeleniny pfed msicemi, ochranu saze¢kovych a semennych porosti kost’dlovin pfed
sktdci, ochranu kultur v chrén&nych prostorach pted 8kiidci aj. Ukoly Fesil komplex-
né z hlediska integrované ochrany rostlin (biologick4 u¢innost pfipravki na Skidce,
vliv ptipravki na pfirozené nepfatelé 3kiidcli, moZnosti biologického boje proti 3kid-
ciim) a v mnoha ptipadech i z hlediska rezidui pesticidi a doby jejich trvéni ve vy-
péstcich. Jako prvni zjistil neSkodnost Pirimoru (pfipravku proti m3icim) pro
sluné¢ko sedmite&né, coZ je velmi dileZité z hlediska integrované ochrany kultur
proti m8icim. Mimo préci na stanovenych tikolech m&l mimotédnou zélibu ve studiu
systematiky i biologie pestfenek (Syrphidae). Na tomto Gseku tzce spolupracuje
s prof. ing. Jindrou Du8kem, DrSc. V pokusech zjistil, Ze larvy pestfenek se aZ

89 % podilely na vyhubeni m3ic pfirozenymi neptételi. Vysledky praci zvefejnil
v 80 v&deckych sd&lenich (z toho je 30 o pestfenkich) a 66 &léncich v odbomych
Casopisech.

Ze strugného piehledu vyplyvé velky rozsah prace, kterou mohl vykonat jen ¢lo-
v&k s vysokym stupn&m intelektu. Av3ak jen intelekt ned&l4 osobnost. Velikost osob-
nosti je ddna pfedevim charakterem. V tomto smé&ru jsem pfesv&déen, Ze vSichni,
kdo ing. Pavla L 4sku, CSc., znaji a s nim spolupracovali, poznali jeho ryzi charak-
ter. Proto mu pfejeme hodné zdravi a asp&chi v dal3f praci.

Ing. AntoninJanys$ka, CSc.
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ERWINIA AMYLOVORA (BURRIL) WINSLOW, BROADHURST,
BUCHANAN, KRUMWIEDE, ROGERS et SMITH, 1920

Synonyma: Micrococcus amylovorus Burrill 1882; Bacillus amylovorum (Burrill)
Chester 1897 Erwinia amylovora f. sp. rubi Starr, Cardona et Folsom 1951

Spala ruzovitych rostlin
Narodni nazvy: anglicky — Fireblight; némecky — Feuerbrand des Kernobstes;

francouzsky — feu bactérien; rusky — oZor bakterialnyj semeckovych porod
amerikanskij; Spanélsky — fuego bacteriano

1. Piiznaky na hlohu v dobé kvétu 2. Piiznaky na listech a letorostech hlohu

Hostitelé: 146 druht z rodu celedi rizovitych, podceledi jablonovitych. Hlavni hostitelé
jsou druhy rodt Pyrus, Malus, Cydonia, Eriobotrys, Crateagus, Cotoneaster, Sorbus,
Pyracantha, Chaenomeles, Mespilus, Amelanchier, Stranvaesia.

V CR dosud zjisténa na Pyrus, Malus, Cydonia, Crateagus, Cotoneaster, Pyracantha,
Chaenomeles.

Geografické rozsireni: Severni Amerika, Bermudy, Mexiko, Guatemala, Novy Z€land,
Asie - Arménie, Egypt, Izrael, Jorddansko, Kypr, Libanon, Turecko, Evropa - Belgie,
Bulharsko, Ceski republika, Dinsko, Francie, Itdlie, Irsko, byvald Jugoslavie, Lu-
cembursko, Némecko, Nizozemsko, Norsko, Polsko, Recko, Svédsko, Svycarsko, Velka
Britdnie.

V CR poprvé zjistén v Praze v roce 1986. Nyni jsou znima ohniska vyskytu ve vétsiné
¢eskych kraji, hojnéji ve stiednich a zdpadnich Cechéch.

Epidemiologie: Rozvoj patogena je zavisly na vnéjSich podminkdch. Teplé a vlhké
pocasi s Castymi deStovymi srazkami podporuje rozvoj choroby, chladné a slunecné
pocasi jej zpomaluje a velmi suché zcela zastavuje. Riziko vyskytu spdly je nejvétsi, kdyz
teploty prevysSuji 18 °C (v rozmezi 18 °C a 28 - 33 °C) a prsi. Patogen prezimuje
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v korovych pletivech na okrajich nekrotickych 1ézi na vétvich nebo kmenu. Nejcastéj$§im
mistem pronikdni patogena jsou kvéty, listy a nezdievnatélé letorosty.

Zpusob zavlékani: Na vzddlenost do 100 m se spdlové baktérie pfemistuji atmosférickou
vodou, hmyzem, roztoci a pavouky, na vzdalenosti 100 az 5000 m opylujicim hmyzem
a nad 5000 m ptactvem, vzduSnymi proudy, rouby, fizky a plody.

Hospodarsky vyznain: Spdla je jednou z nejdestruktivnéj$ich chorob rostlin. Postizené
rostliny maji sniZeny vynos a Zivotnost. Stromy pied¢asné odumiraji a vysadby fidnou.

Determinace: Symptomy: Infikované kvéty vodnati, pak vadnou, sesychaji a hnédnou
az Cernaji. Listy v né€kolika hodindch ndhle hnédnou az Cernaji a svinuji se. Letorosty
vodnati, pozdéji se zbarvuji hnédocerné, usychaji a svrastuji se, vrcholy vadnou a hdko-
vité se ohybaji. Korova pletiva vyhonii vodnati, nekrotizuji a zbarvuji se ¢ervenohnédé.
Na plodech se v misté infekce vytvdfi vodnatd skvrna, pozdéji hnédne az ¢ernd. Speci-
fickym pfiznakem je tvorba bakteridlniho slizu na povrchu napadenych orgdnt v podobé
lepkavych, bélavych a pozdéji hnédnoucich a tuhnoucich kapek, povlaki nebo jemnych
vldknitych tdtvarl. Diagnostika: Identifikaci pivodce spidly predchdzi izolace baktérii
z napadenych nebo kontaminovanych pletiv a ziskdni Cisté kultury. Na Zivych médiich
tvofi Erwinia amylovora bilé vypouklé kolonie. Za nepfistupu vzdusného kysliku zkva-
Suje béhem 24 a7 48 hodin glukézu. Je gramnegativni, oxiddza-negativni a kataldza-po-
zitivni. Nejrychlejsi determinaci je aglutinaéni test a test patogenity na nezralych plodech
hruni.

Aredl rozsiteni plivodce spily v Ceské
republice (stav v roce 1992)

Text: V. K i d e | a; Foto: M. Novdk
Vyddni sponzoruje: SCHERING CS s. r. 0. Brno



SYNCHYTRIUM ENDOBIOTICUM (SCHILBERSKY) PERCIVAL

Rakovina brambor

Narodni nazvy: anglicky — Potato wart disease; némecky — Kartoffelkrebs; francouzsky
— Gale (noire) verruqueuse de la pomme de terre; Spanélsky — sarna verru-
gossa de la potata

1. Nadory na brambordch 2. Trvalé zoosporangium

Hostitelé: kulturni rostliny - brambory a rajce; okrasné rostliny a plevele - Solanum
nigrum, S. dulcamara, S. alatwm, S. marginatum, Hyoscyamus niger, Nicandra physa-
loides, Physalis franchetii, Schizanthus sp. a dal§i druhy z ¢eledi Solanaceae.

Geografické rozsifeni: Rakovina brambor pochdzi z andské oblasti Jizni Ameriky.
V soucasnosti je vyskyt evidovin v Evropé - Ceskd republika, Ddnsko, Finsko, Francie,
Irsko, Itdlie, byvald Jugoslivie, Némecko, Nizozemi, Norsko, Pobaltské republiky,
Polsko, Rakousko, Rumunsko, Rusko, Slovensko, Svédsko, Svycarsko a Velkd Britdnie.
Nepotvrzeny zustaly informace o vyskytu v Belgii, Lucembursku a Portugalsku. V Asii
byl vyskyt potvrzen v Bhutanu, Ciné, Indii a Nepdlu, nepotvrzené tdaje jsou z Irdnu,
Libanonu, Japonska a obou Kkorejskych stati. V Africe se vyskytuje v Alzirsku, Ji-
hoafrické republice a Tunisu, nepotvrzena je v Egypté a Zimbabwe. Vyskyt potvrzen
v Severni Americe a v Jizni Americe - Bolivie, Chile, Falklandské ostrovy, Peru, Uru-
guay a téZ na Novém Zélandé - Jizni ostrov.

V CR jsou rakovinou brambor zamoteny nékteré pozemky na celém tizemi s vyjimkou
stiednich Cech. Jde vétsinou o pozemky drobnych péstiteli.

Epidemiologie: Pivodce rakoviny brambor je vnitrobunécny parazit, vytvaii zoosporan-
gia obsahujici 200 az 300 pohyblivych zoospor. Trvald zoosporangia z rozlozenych
rakovinnych nddort pfi teploté nad 5 °C a dostatecné vlhkosti v ptdé kIici a uvoliuji
bicikaté zoospory, které infikuji pokozkové bunky rostoucich pletiv hostitele. Infikovana
bunka se zvétSuje a parazit v ni vytvdii letni zoosporangium, z néhoZz se uvoliuji zoos-
pory a infikuji dalsi bunky hostitele. V nich se tvori dalsi letni zoosporangia a cely cyklus



se béhem vegetace opakuje. Nékteré zoospory z letnich zoosporangii spolu kopuluji
a vznikld zygota se dvéma biciky infikuje buriku hostitele, kterd se rychle déli. Délenim
infikovanych bunék pletivo proliferuje a vznikaji nadory vzhledu kvétdkovych riZic.
V hostitelské buiice infikované zygotou se vyviji silnosténné trvalé zoosporangium,
vétsinou kulovitého tvaru, velikosti 25 - 75 um. Trvald zoosporangia jsou schopnd
prezivat v piidé bez piitomnosti hostitele i nékolik desitek let.

Pomoci diferencia¢nich odriid bramboru byla prokdzdna riizna virulence populaci S. en-
dobioticum a od puvodniho patotypu 1 byly rozliSeny agresivni patotypy, schopné
napadat a rozmnoZzovat se na odriiddch rezistentnich proti patotypu 1. Vyskyt agresivnich
patotypli byl prokdzin v Ceské republice, Slovenské republice, Némecku, Polsku, na
Ukrajing a Newfoundlandu. Dosud bylo identifikovéno 35 patotypi, z toho 19 v Ceské
republice.

Hospodaiisky vyznam: Skody na sklizni z napadenych porostii se pohybuiji od nepatrné-
ho sniZeni vynosu az ke 100% ztrdtdm, v zdvislosti na stupni nachylnosti péstované
odriidy brambor, intenzité zamoreni pudy a klimatickych podminkdch. Piimé Skody
pusobené patotypem 1 jsou prakticky eliminovdany péstovdnim rezistentnich odrid
brambor, na rozdil od agresivnich patotypi, proti kterym je k dispozici jen madlo
rezistentnich odrud. Pivodce choroby $kodi také tim, Ze pfendsi X a Y virus bramboru.

Nebezpeci rozsiteni rakoviny brambor prakticky nehrozi v teplejsich a susSich oblastech,
které jsou pro vyvoj patogena méné vhodné azZ nevhodné.

Zpusob zavlékdni: Zdrodky rakoviny brambor se §ifi infikovanymi hlizami brambor
nebo zeminou, kterd ulpivd na hlizdch nebo na jinych rostlinich pochdzejicich ze
zamorenych pozemkau, ale téZ zeminou ulpélou na strojich a naradi pfi obdéldavani pady,
ddle vodni a vétrnou erozi apod. Zdrojem zamofeni pozemkii mohou byt téZ komposty,
do kterych se odhazuji slupky a jiné zbytky brambor, nebo nevyzrily hntij pochdzejici
ze stdji, v nichZ jsou uZitkovd zvifata krmena napadenymi bramborami.

Determinace: Pfiznaky napadeni bramboru jsou nddory se zvinénym rozbrazdénym
povrchem o rozmérech od nékolika mm aZ do velikosti pésti. Nddory se tvofi hlavné na
ockdch hliz, stolonech a na bazi stonku. Nékdy byvaji napadeny i listy, ziidka kvéty,
nikdy nejsou napadeny kofeny. Nddory jsou zpravidla bélavé, postupné tmavnou a rozpa-
daji se, za vlhka hniji. Vyvijeji se nejen na poli, nybrZ i ve sklddkdch. Drobné nddorky
rakoviny je mozné nékdy zaménit s tzv. nepravou rakovinou, projevujici se tvorbou
rozvétvenych ttvara z nevyzrdlych pletiv v dasledku pred¢asného probuzeni ocek vli-
vem pocasi, ddle s vyvysenou formou obecné strupovitosti hliz (Actinomyces scabies)
nebo se spongosporovou strupovitosti (Spongospora subterranea). V téchto piipadech
lze rakovinu brambor bezpe¢né urcit mikroskopicky podle typickych silnosténnych
trvalych zoosporangii, pfitomnych v napadeném pletivu.

Ke zjisfovdni trvalych zoosporangii v ptidnich vzorcich se v CR pouZivd metoda separace
zoosporangii od pidnich ¢dstic mokrym prosévdanim, opakovanymi dekantacemi po
urCité dobé sedimentace ve vodni suspenzi a rozpou$ténim minerdlniho podilu ptidniho
vzorku kyselinou fluorovodikovou. Mikroskopickd diagnostika zjiSt€énych zoosporangii
je obtiznd pro moZnou zdménu s podobnymi spérami jinych hub. Spolehlivéjsi je
testovdni zamofenosti pidy pomoci ndchylného kiiZence brambor na specidlnim labora-
tornim zafizeni.

Text: J. Potocek.; Foto: J. Potocek
Vyddni sponzoruje: SCHERING CS s. r. . Brno
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