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ON THE EPIDEMIOLOGY OF PLUM POX VIRUS
IN THE CZECH REPUBLIC

Jaroslav POLAK

Research Institute of Crop Production — Division of Phytomedicine,
Prague, Czech Republic

Abstract: The distribution of natural sources of plum pox virus (PPV) that infects
stone fruits in the Czech Republic was investigated. Wild growing plums are al-
most completely infected with PPV in central Bohemian and Moravian regions.
Myrobalan (Prunus cerasifera ssp. myrobalana) is probably the second main
natural source of PPV. The virus was also detected in some plants of blackthomn
(Prunus spinosa) growing in PPV infected areas. Leaves of these plants showed
distinct symptoms, which were very similar to those on plums. PPV was not de-
tected in blackthorn shrubs growing in forest and in areas where PPV is not or
only occasionally present. Prunus spinosa is considered to be only a secondary
source of PPV infection.

plum pox virus; epidemiology; natural sources; wild plum; myrobalan; black-
thomn

Sharka disease of plums (caused by plum pox virus, PPV) was first de-
tected in the Bohemian part of the Czech Republic in 1952. The disease has
spread to the major plum-producing areas of the country, mainly in central,
western and eastern Bohemia, and in southwestern and northern Moravia.
PPV causes economic losses on plums, apricots and peaches, especially on
susceptible cultivars of plum and apricot, and also attacks Prunus cerasifera
ssp. myrobalana L. (Ackermann, 1994).

The disease has progressively spread from eastern Europe to the European
continent, including the Czech region (Roy, Smith, 1994). The primary
sources of PPV infection were most probably infected grafts and rootstocks
of fruit trees used in nurseries, mainly in the fifties and sixties. PPV was
spread by infected trees from nurseries, and its spread continued in orchards
and gardens, and in natural conditions by aphids. We had earlier proved the
occurrence of natural infection of myrobalan trees with PPV (Poldk, 1989).
Blackthorn (Prunus spinosa L.), often mentioned to be a symptomless host
of PPV, was also supposed to be an important source of PPV.
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To study the epidemiology of sharka it is necessary to know the impor-
tance of individual sources of infection, with special attention on natural
sources of it.

Wild growing plums, myrobalans and blackthorns are supposed to be im-
portant natural sources of PPV infection in the Czech Republic. The role of
blackthorn as a natural source of PPV was questioned by Rankovic¢ and
Duli¢-Markovi¢ (1992).

The aim of our study was to prove the presence and distribution of PPV in
blackthorn in the Czech Republic and to demonstrate its importance as a
natural source of PPV infection. We also paid attention to the distribution of
PPV in wild plums and myrobalans.

MATERIAL AND METHODS

Sampling of plants

Samples of flowers of blackthorn were collected mostly from different lo-
calities of central Bohemia in May. Thirty flowers were usually taken from
one plant. Leaves were collected from the same plants during the summer
from June to August (Fig. 1).

1. Hundreds of Prunus spinosa shrubs in marginal associations of the forest (locality Dohalice
near Hradec Kralové)
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Wild growing plums and myrobalans or plums along roads in areas of cen-
tral Bohemia and northwestern Moravian were visually evaluated for the
presence of PPV symptoms during the summer. Wild growing plums are
trees or shrubs of plums that have established themselves by seed or sucker.
Occasionally, samples of flowers or leaves were taken for serological tests.

Serological evaluation

PPV antiserum was prepared in our laboratory by the procedure published
by Albrechtova et al. (1986); it was used in the DAS-ELISA method
(Clark, Adams, 1977). Samples for ELISA were prepared by grinding
thirty flowers or 0.2 g of blackthorn leaf tissue in phosphate buffered saline
pH 7.4 (ratio 1 : 20) with 2% polyvinylpyrrolidone and 0.2% of egg albumin.
Plates were evaluated using a MR 5000 reader (Dynatech) at 405 nm.

Visual evaluation

Presence of PPV and intensity of symptoms in leaves of blackthorn, myro-
balan and plum were evaluated in June, July or August. Photo documentation
of leaf symptoms was also provided.

RESULTS

The ELISA tests on samples from blackthorn shrubs from different locali-
ties of the Czech Republic proved the presence of PPV in 12 blackthorns out
of 68 tested (Table I); thus, 17.6% of the plants were infected.

2. Prunus spinosa, leaves
with severe rings and oak line
pattern as symptoms of PPV
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L. Distribution of PPV determined by ELISA on Prunus spinosa L. in the Czech Republic

Nr. of ; g Resuls Nr. of G Besly
suiple Sampling site of }I;:}I){/SA satple Sampling site of }l:,}l){ISA
1. Praha-Troja - 35. Praha-Smichov -
2. Praha-Bohnice - 36. Mochov -
3. Praha-Dolni Chabry 1 + 37. Kraliky -
4. Praha-Dolni Chabry 2 - 38. Holice -~
5. Kralupy 1 - 39. Hradec Kralové -
6. Kralupy 2 - 40. Hofice -
7. Zéakolany - 41. Méstec Kralové -
8. Drestovice - 42. Podébrady B
9. Hlubocepy 1 - 43. Pobézovice -
10. Hlubodepy 2 - 44. Mystéves -
11 Slivenec 1 + 45. Nony Bydzov -
12. Slivenec 2 - 46. Kanice -
13. Lochkov - 47. Chvojenec +
14. Radotin - 48. Dohalice 1
15. | Cemosice > 49. Dobhalice 2
16. | Cemolice 1 = 50. Miletin =
17. | Cemolice 2 - 51. Sulom -
18. | T¥ebenice 1 - 52. Zitenice -
19. Ttebenice 2 - 53. Podborany 1 -
20. Kostiélov 1 + 53. Podborany 2 -
21. Kostalov 2 55: Drahonice ~
22. Kuzly - 56. Lubenec -
23. Velemysleves - 57. Zlutice -
24. Kliéin + 58. Bochov -
25 Blsany - 59. KnéZeves -
26. Bedlov - 60. Reporyje -
27. | Sanov - 61. | Mnisek -
28. Rakovnik 1 + 62. Zbelitov -
29. Rakovnik 2 - 63. Lety -
30. Rakovnik 3 - 64. Mikulov -
31. Vésin 1 + 65. Valtice -
32. Vésin 2 + 66. StraZznice +
33. Palava 67. Duba +
34. Nelahozeves 68. Kokofin -
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Blackthorn plants infected with PPV showed distinct symptoms consisting
of diffuse spots, rings and oak line patterns in leaves (Fig. 2). Symptoms of
necrotic rings and oak line patterns appeared in leaves of two PPV infected
shrubs (Fig. 3). No symptom, or mild pitting was found on the fruits, and red
spots appeared on the stones of fruits of PPV infected blackthorns (Fig. 4).

3. Prunus spinosa, leaves with
necrotic rings and oak line pattern
as symptoms of PPV

Wild growing plums and plums along roads in areas of Central Bohemia
and northwestern Moravia (§umperk and Jesenik districts) used to be se-
verely infected with PPV. Myrobalan was often used as rootstock for plums
planted along roads. We observed hundreds of rootstock myrobalans in the
districts Jesenik (Moravia) and Piibram (Bohemia) with distinct PPV symp-

4. Prunus spinosa,
stones of fruits with
red spots as symptoms
of PPV
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5. Prunus cerasifera ssp.
myrobalana, fruits with rings
and spots as symptoms of PPV

toms on leaves. Grafted plums also showed heavy leaf and fruit symptoms of
PPV. Wild growing plums were very often infected with PPV in different
places of central, western and eastern Bohemia (e.g. in the districts Prague
West and East, Kladno, M¢lnik, Kolin, Nymburk, Pfibram, BeneSov, Kutna
Hora, Plzen, Litoméfice, Teplice, Louny, Hradec Kralové, Usti nad Orlici).
We also observed myrobalans in central Bohemia with distinct PPV symp-
toms on fruits (Fig. 5) and leaves. Symptoms of vein mosaic and diffuse mo-
saic spots appeared on leaves (Fig. 6).

6. Prunus cerasifera
ssp. myrobalana,
leaves with vein
mosaic and diffuse
mosaic spots as

symptoms of PPV
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DISCUSSION

Our results proved that only part of the blackthorns in Central Bohemia are
infected with PPV. Brunt et al. (1996), when reviewing references to PPV,
described blackthorn as a latent host of the virus. We were, however, able to
prove distinct symptoms on leaves of PPV infected blackthorns. Fifteen to
20% of blackthorn shrubs were infected in the area where the occurrence of
PPV in plums is severe. Our findings differ from those of Rankovi¢ and
Duli¢-Markovic¢ (1992) who found only 0.9% of blackthorns to be in-
fected with PPV in Yugoslavia. Such a lower occurrence can be explained by
higher temperatures during the vegetation period, causing possible inactiva-
tion of the virus in aphid vectors. Nonpersistent PPV is probably transmitted
by aphids to blackthorn more sporadically. The situation in both Yugoslavia
and the Czech Republic suggests blackthorn to be only a secondary source of
PPV infection. Blackthorns surrounded by contaminated plums can be in-
fected step by step. The role of P. spinosa in the epidemiology of PPV in the
Czech Republic seems to be limited at present, but it can increase in future.
We intend to verify our theory in the next years. PPV occurs only occasion-
ally in several marginal areas of highland in the Czech Republic. Therefore,
our investigations will be concentrated on those marginal areas where we
expect no incidence of PPV on blackthorns.

Wild growing plums are the main natural source for PPV infection of cul-
tivated plums. Myrobalans are probably the second most important source of
PPV infection, with an important role in the epidemiology of virus.

Acknowledgements

The autor thanks Mrs. J. Pivalova and Miss M. Bartoniova for excellent
technical assistance.

References

ACKERMAN, P. In: ROY, A.S.,SMITH, I. M. (1994): Plum pox situation in Europe.
Bull. OEPP/EPPO Bull., 24: 516-517.

87



Ochr. Rostl., 33, 1997 (2) : 81-88

ALBRECHTOVA, L., HOLUBCOVA, L., JOKES, M. (1986): Purifikace viru Sarky
Svestky a pfiprava antiséra vhodného pro stanoveni viru metodou ELISA. Ochr.
Rostl., 22: 161-167.

BRUNT, A. A., CRABTREE, K., DALLWITZ, M. J., GIBBS, A. J.,, WATSON, M.
(1996): Viruses of Plants. Wallingford, U. K., CAB Intern.: 1484 pp.

CLARK, M. F., ADAMS, A. N. (1977): Characteristics of the microplate method of
enzyme-linked immunosorbent assay for the detection of plant viruses. J. gen. Virol.,
34: 51-57.

POLAK, J. (1989): Diagnosis of plum pox virus in infected symptomless trees of
apricot, peach and Prunus cerasifera ssp. myrobalana by ELISA and ISEM. Acta
Horticult., 235: 299-303.

RANKOVIC, M., DULIC-MARKOVIC, I. (1992): Evaluation of Prunus spinosa L.
as host of sharka and other viruses. Acta Horticult., 309: 151-155.

ROY, A.S., SMITH, I. M. (1994): Plum pox situation in Europe. Bull. OEPP/EPPO
Bull,, 24: 515-523.

Received October, 21 1996

Epidemiologie viru Sarky $vestky v Ceské republice

V Ceské republice je uskutedtiovan vyzkum rozifeni prirodnich zdroji infekce
peckovin virem Sarky §vestky (PPV). Plané rostouci Svestky jsou téméf uplné infi-
kovany PPV v moravskych oblastech a ve stfednich Cechach. Myrobalan (Prunus
cerasifera ssp. myrobalana) je pravdépodobné druhym hlavnim pfirodnim zdrojem
PPV. Virus Sarky Svestky byl také stanoven v nékterych rostlinach trky (Prunus spi-
nosa) rostoucich v oblastech infikovanych PPV. Na rostlinach tmky infikovanych
PPV byly zietelné piiznaky na listech, které byly velmi podobné pfiznakiim na $vest-
kach. PPV nebyl stanoven v kefich tmky rostoucich v lese a v oblastech, kde PPV
neni, nebo je pouze pfileZitostné pfitomen. Prunus spinosa je povaZovan za pouze
sekundarmi zdroj PPV infekce.

virus Sarky Svestky; epidemiologie; pfirodni zdroje; plana $vestka, myrobalan; trnka

Contact address:

Ing. Jaroslav Polak, DrSc., Vyzkumny tstav rostlinné vyroby.
odbor rostlinolékafstvi, 161 06 Praha-Ruzyné, Ceské republika
tel.: 00 420 2 360 851, fax: 00 420 2 365 228
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THE DIAGNOSIS OF Fusarium culmorum
BY POLYCLONAL ANTIBODIES
— PREPARATION AND CHARACTER OF ANTIGENS AND ANTIBODIES

Jitina KRATKA, Blanka KYNEROVA, Andrea ZEMANOVA, Svétlana SYKOROVA

Research Institute of Crop Production — Division of Phytomedicine,
Prague, Czech Republic

Abstract: Eighteen monospore Fusarium culmorum (FCu) isolates with differ-
ent pathogenicity were cultivated on five liquid media. Czapek Dox and Minimal
medium were suitable media. The morphological and physiological charac-
teristics were determined (chlamydospore and conidia production, conidia
dimension, character of mycelia, colour of media, growth dynamics of mycelium
and weight of dry mycelial mats). The composition of media influenced morpho-
logical and physiological characters of isolates. Pathogenicity was not correlated
with character of isolates. Antigens were prepared by extraction of proteins from
mycelial mats in a special buffer, then purified by centrifugation and ultracen-
trifugation of supernatant. The composition of media influenced quantity and
quality of proteins of antigens. The pathogenicity of FCu isolates was not corre-
lated with protein content of antigens. Specificity and sensitivity of polyclonal
antibodies after immunization of rabbits with FCu antigens were studied. Dif-
ferent reactions of antigens of FCu isolates were not found. Anti-FCu IgG re-
acted with antigens of another species of Fusarium (o'xysporum, solani, equi-
setum, nivale, sambucinum, poae, avenaceum), the differences were quantita-
tive. Cross-reactions of anti-FCu IgG with antigens of Pseudocercosporella her-
potrichoides, Gaeumannomyces graminis, Rhizoctonia solani, Trichoderma
viridae (pathogenic isolates of wheat) were not observed. Reaction of antisera
and IgG with antigens were evaluated by agar double diffusion and ELISA.

Fusarium culmorum; media, isolates; morphological and physiological charac-
ter; antigen; proteins; polyclonal antibodies; sensitivity; specificity; cross-reactions

Fusarium culmorum is the dominant pathogen of winter wheat heads in the
Czech Republic. Also widespread and economically important species are
F. graminearum, oxysporum, heterosporum, avenaceum, poae and nivale
(Kovacikova etal., 1992).
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Pathogenic Fusarium sp. can grow on winter wheat in all phases of devel-
opment. Infection causes lower germination, death of seedlings, yellow
stems and leaves, root rot and head blight.

Infection of wheat kernels in particular lowers the yield. When the infec-
tion is very weak, grains may contain toxins. Recent research has shown that
the production of some toxins can be modified by biotic and environmental
factors and is not always correlated with virulence of the isolates and/or re-
sistance of the variety (Mesterhdzy, Barték, 1992; Manka et al,,
1989). It is clear that a reliable, fast and specific diagnosis of the pathogens
will not be found on biochemical methods (detection of mycotoxins), but on
immunochemical (antigen—antibody interaction) or molecular methods
(polymorphism of DNA). Detection of the pathogens in seeds is desirable
mainly from a commercial point of view.

The present publication summarises our research on optimal separation and
character of antigens suitable for obtaining polyclonal antibodies for the de-
tection of Fusarium culmorum in host plants.

MATERIAL AND METHODS
Biological material

All analyses were performed with monospore cultures of Fusarium cul-
morum (FCu). Three groups of isolates were used: no. 46, 67, 62, 40, 47, 1,
35, 33 — high pathogenicity, no. 5 — medium pathogenicity, no. 7, 21, 4, 11,
48, 6, 28, 29, 2 — low pathogenicity. The isolates were obtained and tested at
RICP in 1992-1995 (Ondfejova, Kovacikova, 1992; Kovaci-
kova et al, 1992; Hijkova — personal communication). Analyses were
also performed with other pathogens of Fusarium sp. (oxysporum, solani,
equisetum, nivale, sambucinum, poae, avenaceum) and with other important
pathogens on wheat (Pseudocercosporella herpotrichoides, Gaeumanno-
myces graminis, Rhizoctonia solani, Trichoderma viridae). The isolates
were chosen according to tests of pathogenicity performed at RICP (Sych-
rova — personal communication).

Cultivation of fungi

FCu isolates were cultivated on different liquid media: Czapek Dox me-
dium (CD), Minimal medium (MM) — Puhalla (1985) and SNA medium
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(SNAMI1) — Nierenberg (1976), SNA medium (SNAM?2) — Bilai’s me-
dium modified by Joffe (1974), SFA medium (SFAM) - Tio et al. (1977)
(comprehensive Ribeiro, 1978). Liquid media suitable for growth of FCu
isolates were evaluated according to weight of mycelial mats after 25-36
days. Other fungi (Fusarium spp. and other pathogenic fungi isolated from
wheat) were cultivated on CD (liquid).

Morphological and physiological classification of mycelium

The influences of two media (CD and MM) on morphological and physio-
logical characters of FCu isolates (with different pathogenicity) were evalu-
ated: colour of media, character of mycelia, growth rate, dry matter of
mycelia and incidence of spores (macroconidia, chlamydospores).

Preparation of antigens

Mycelial mats were ground with a pestle in a mortar and then extracted in
buffer pH 8.8 (containing: 0.03M Tris, 0.005M MgCl, 0.001M Na,EDTA,
0.001M dithiothreitol, 0,001M ascorbic acid, and 20% glycerol) with PVP at
4 °C 24 h. After centrifugation (10 000 rpm, 15 min) the supernatant was
ultracentifuged (35 000 rpm, 90 min) and concentrated (20% polyethyle-
neglycol). The concentrate (1 ml) was lyophiliéed and diluted in PBS pH 7.4
(Amouzou-Alladaye etal., 1988; Kratka etal., 1995). The content of
proteins in antigens was determined according to Lawry etal. (1951).

Determination of quality and quantity of antigen proteins

The starting content of extracted proteins was approximately 3 mg/ml.
a. Separation of native proteins

Native protein electrophoresis according to Davis (1964) was used
(modification according to Bielenina et al., 1988). Electrophoresis was
carried out on a Desphor VA instrument using 4.6% polyacrylamide stacking
gel and 7.7% separating gel in vertical slab mold. Electrode buffer was
0.025M Tris and 0.19M glycin at pH 8.3 (Jones, 1987). The solution of
bromphenol blue in electrode buffer (one drop) and saccharose (20% w/v)
were added to protein extracts. 30 pl of extract were placed into wells in the
gel. Electrophoresis was performed for 6 h at 50 mA and max. 200V at 4 °C.
The gels were fixed 30 min in 20% trichloracetic acid, rinsed 15 min in
methanol : acetic acid : water (25 : 10 : 65), visualised by staining overnight
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with 0.0375% Coomassie Brilliant Blue R 250 in the same solution,
destained 2 h with the solution and rinsed overnight in destilled water.

The REM (relative electrophoretic mobility) values of particular protein
bands were defined according to formula: REM = (100 / M) . x (M = interval
between start and coloured front in cm, x = interval between start and meas-
ured band in cm).

b. Separation of SDS-dissociated proteins

The extracts of soluble native proteins were mixed 1 : 3 with disruption
buffer (0,5M Tris HCI pH 6,8 : glycerol 4% : SDS 4% : mercaptoethanol
10%) and boiled in a water bath for 2 min. Vertical discontinuous SDS
polyacrylamide gel electrophoresis was used according to Laemmli
(1970). Fixation, staining and destaining were as described for separation of
native proteins.

The intensity of colouring bands (native and dissociated proteins) was ex-
pressed on a five-grade increasing scale 1-5 according to Sykorové and
Hadacova (1992).

Preparation of polyclonal antibodies

Intramuscular immunization of rabbits (race Cincila velka) was applied
with F'Cu antigen (isolate 67). Injection schedule: day 1 (with Freund’s com-
plete adjuvant), 14, 21, 28, (all with incomplete adjuvant), 35 (booster).
1.5 mg proteins per dose in all cases. Blood was sampled three times, in
weekly intervals.

Reproduction of antiserum quality (anti-F'Cu) was evaluated by comparing
the reaction of anti-FCu with the serum from rabbits before immunization
(i.e. control) and by comparing the reaction of anti-FCu for each rabbit sepa-
rately. Reaction of FCu antigens with antisera were evaluated by agar double
diffusion according to Ouchterlony (1968).

IgG was prepared by permeatic gel filtration on DEAE-cellulose. Reaction
of FCu and other Fusarium sp. antigens with IgG were evaluated by ELISA
(DAS- and PTA-). Cross-reactions of anti-FCu were evaluated by testing
against the antigen of Pseudocercosporella herpotrichoides, Gaeumannony-
ces graminis, Rhizoctonia solani, Trichoderma viridae (fungi isolated from
winter wheat) by ELISA.
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ELISA was performed in polyvinyl 96-microtitre plates (GAMA), the ab-
sorbance was measured with an automatic reader (Dynatech) at 405 nm
(Kratka etal., 1996).

RESULTS AND DISCUSSION

In preliminary experiments we found that CD and MM media were most
suitable for the cultivation of FCu isolates. This was determined by the in-
crease of mycelium weight in a defined period (Table I). Therefore, the fol-
lowing results are restricted to tests with the CD and MM media - for
cultivation of fungi and preparation of antigens from mycelial mats.

L. Cultivation of Fusarium culmorum isolates on liquid media

Isolate

Medium - ﬂ* - — - -

46 |67 |62 |40 |47 | 1 |35(33| 5|7 |21| 4 |11(48| 6 |28|29| 2
MM Fok | ok | ok | ook | R0k | kokok | kokok | kokok | kokok | kokok | kokok | dkokok | okok [ okokok | kR [ olokok | kok | okokok
CD * ¥ * ¥ * ¥ *¥ ** *% *% ** * ¥ * % * *k ** * *% *% * % *
SNAM 1 minimal growth
SNAM 2 minimal growth
seaw || |||l
o 0,1-1,0 g MM 26 days CD 35 days
¥*  1,1-50¢g SNAM 1 35 days SNAM 2 35 days
¥EX O 5,1-10,0 g SFAM 35 days — pathogenicity decrease

The composition of liquid media influenced the morphological and physio-
logical character of FCu isolates. The pathogenicity of FCu isolates was not
correlated with their morphological and physiological classification in any
case (Table II).

The composition of liquid media affected quality and quantity of native and
dissociated proteins and total protein content of antigens prepared from
mycelial mats of FCu isolates. When the Fusarium isolates were cultivated
on the same medium, differences were found in the quality and quantity of
native and dissociated proteins. But the pathogenicity of FCu isolates was
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I1. Morphological and physiological classification of Fusarium culmorum isolates

Mycelium Spores
Me- macroconidi hlamyd
dium growth colour character dry matter — e
[mg/ml] of medium of culture (g] number | number [number [number [ number [ number
per ml |of septa| per ml |of septa| per ml | per ml
Isolate | MM CD MM CD MM CD MM CD MM CD MM CD
46 4.0 3.7 c e 7 3.7 3.0 * 4.1 * 3.2 * *
67 4.6 3.0 c f 2 8 4.1 2.5 S 5.0 E 3.4 *
62 2.8 3.5 d f 1 7 2.6 2.9 * 4.0 % 2.8 e *
40 14.3 2.8 b f 2 8 9.9 1.9 ¥ 3.6 % 2.7 %
47 11.4 1.9 b d 1 7 7.9 1.3 bbb 4.6 * 4.1 ¥
1 9.0 2.8 a e 2 7 6.2 1.9 Ll 4.8 % 3.8
35 12.8 32 a b 3 5 8.8 2.2 * 5.2 * 2.0 *
33 10.6 2.5 c f 1 6 7.3 1.7 e 3.0 2.0
5 9.6 2.0 a f 2 5 6.6 1.4 ey 43 ¥ 3.8 *
7 9.0 1.6 a d 1 6 6.2 1.1 i 4.6 * 4.1 *
21 10.3 0.9 a ¢ 3 8 7.1 0.6 % 4.0 :: 3.6 *
4 11.3 2.5 a f 2 6 7.8 1.7 * 4.4 * 4.3 e
11 29 2.5 d c 4 8 2.9 0.5 * 4.0 * 3.0 **
48 10.4 1.4 a d 2 6 1.2 1.0 - - * 3.0 *
6 4.0 2.5 d e 3 5 3.7 2.0 * 4.0 * 3.2 * ¥
28 12.6 2.8 c e 1 7 8.7 1.9 2 4.8 * 3.2 *
29 3.4 2.6 c 3 5 3.1 23 b 4.1 ¥ 3.0 i
2 7.5 1.8 c 4 6 52 0.7 e 53 * 1.7 x¥ *
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Explanation to Table II:

character of mycelium: 1 — compact and dark pigment, air mycelium

colour of medium:

2 — compact and dark red pigment, air mycelium

3 — compact and dark pigment, brown air mycelium
4 — compact pigmentless, air mycelium colourless
5 — compact light yellow, air mycelium colourless
6 — compact light yellow, no air mycelium

7 — compact rosy, air mycelium colourless

8 — compact rosy, no air mycelium

a — red-wine red
b — light red-red
¢ — rosy-light red
d — yellow-brown
e — yellow

f - light yellow

number of macroconidia
in 1 ml:

number of chlamydospores
in 1 ml:

*

¥ %k

* k%
4 ok k

* %k

J=
101-

100
500

501-1000

1001-

1-10
11-50

MM: Minimal medium (Puhalla, 1985)

CD:

Czapek-Dox medium

growth: mycelium mats after 26 days

III. Content of proteins in antigens (Lawry et al., 1951) mg/g (dry matter of mycelium)

Isolates
Medium > -> - -> > >
4 | 67 | 62 40 47 1 35 33 5 7 21 4 11 48 6 28 29 2
MM 97.7 | 95.6 |102.2| 50.8 | 49.5 | 72.8 | 64.0 | 69.0 | 66.4 | 70.6 | 58.6 | 70.0 [103.3 | 64.8 | 70.8 | 57.3 [124.7| 76.3
CD 59.2 [33.5 | 46.3| 47.8 | 24.7 | 35.6 | 35.6 | 12.6 | 41.1 | 27.1 | 34.0 | 16.4 | 34.0| 14.3 | 48.1 | 46.1 | 37.3| 38.8

————— pathogenicity decrease
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IV. Electrophoresis of native proteins

Yige Intensity

late i 7 v
46 67 62 40 47 35 33 5

REM |MM| CD |[MM| CD |MM| CD |[MM| CD [MM| CD CD [MM| CD |MM| CD [MM| CD

3,5 1|1 1

4,7 ‘

5.5 1)1 1

6,6 1 1|1 1

8.6 1 1

10,5 2 1

15,1

17,4

19,12 (24|11 1f1[3]1

2251 |11 1

248 2 1 1 2

27,6 2

29.9 1

33,2 1 (11]1

41,6 1111 1|1 ]1]1

41 | 1 1 2 1 1

51,2 1 1

54,3 1 (1] 1]1 1

56,5

614 (1 |1 | 1111 |1|1]1]1

65,8 1

69,9 1

76,6

82,5

~—— pathogenicity decrease

REM: relative electrophoretic mobility
MM: Minimal medium (Puhalla, 1985)
CD: Czapek Dox medium
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Table IV to be continued
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Intensity
- -» =
7 21 4 11 48 6 28 29 2
MM| CD |MM| CD (MM | CD |[MM| CD |[MM| CD [MM| CD |MM| CD |MM| CD |MM | CD
1 1 1
1
1 1|1 1 1|1
1 1
1 1 1 1 1
1
1 1|2(3]|3 2122 (|1|2]|2 1
2 1 2 2
1|3 1 1
1 1 1
1 1|1 2
1 1
1 1
1 1 1 1|11 |1]1]1 1
1 1|1 1 1|1 1
1| 1]1
1 1 1
1 1
1|1 1 1|11 ]1]1]1]1 2
1 1
3 1 1

Intensity of band colouring
(Sykorova, Hadacovi, 1992):

1 — very low intensity
2 — low intensity

3 — medium intensity
4 - high intensity

5 — very high intensity
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98- 39" 83 33*S & T

5,7, 21, 33, 35: Fusarium culmorum isolates cultivated on Minimal medium
5% 7%, 21%, 33% 35%: Fusarium culmorum isolates cultivated on Czapek-Dox medium
S4, S5: standards

1. Electrophoresis of SDS dissociated proteins

not correlated with the quantity and quality of antigens protein in any case (Fig.
1, Table III and IV).

We determined the titre and specificity of anti-FCu with agar double diffu-
sion tests. Titre of antiserum (immunization of rabbits with isolate no. 67)
was 1/16. The anti-FCu reacted with all antigens of FCu isolates. The speci-
ficity of anti-F'Cu is low as it reacted with antigens of other Fusarium spp.
Concentrations of proteins in antigens were 4 mg/ml and 1 mg/ml.

The two immunoenzymatic methods were used for the identification of the
genus of Fusarium. DAS-ELISA was less specific for detection of the fungi.
Reactions of IgG with purified antigens were successfully tested by PTA-ELI-
SA (Fig. 2). The optimal concentrations of reactants were determined as fol-
lows: anti FCu IgG 1 pg/ml, anti rabbit IgG coupled with alkaline
phosphatase 250 mU (20 pg/ml IgG), concentration of proteins in antigens
0,5-1 pg/ml. Anti-FCu IgG reacted with:

— all antigens prepared from isolates of Fusarium culmorum, differences
were not observed,

— all antigens prepared from Fusarium spp., differences in the reaction were
quantitative (Fig. 3).
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0,45
04 [
0,35

0,3 1

0.2 1

0,14

0,05 1

Feul Foxy F 50l Fegqu F my F sam F poa Fave

2. Reactions of anti-FCu IgG with other members of the genus Fusarium

The lowest positive absorbance was determined on the basis of both reac-
tions — immunized and unimmunized rabbits.

There were no cross-reactions of anti-FCu IgG with antigens isolated from
other pathogenic fungi of wheat.

The presented datas demonstrated that anti-FCu detected only members of
the genus Fusarium. Quantitative differences between species could be suit-
able for taxonomic determinations. We had similar experiences with immu-
nodiagnostic tests of Phytophthora spp. (unpublished). The polyclonal
antibodies will be suitable for rapid diagnosis of Fusarium sp. in agronomic
practice. Most species detected in the seeds of wheat are pathogenic and their
harmfulness is similar to F. culmorum.

Only monoclonal antibodies are able to ensure the specific determination
of species, subspecies or races of most pathogenic fungi. These problems are
well known from the publications of many authors (comprehensive review
by Dewey, 1991, 1992, 1996; Miller, Joaquim, 1993; Werres, Stef-
fens, 1994).
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concentration [mg/ml]
R - rabbit; con — control; im — immunization

3. Reaction of anti-FCu IgG with FCu antigen (isolate n. 67)

The utilization of poly- or monoclonal antibodies depend on the demands
of diagnosis specificity, the immunochemical methods (the most frequent
ELISA) are in all cases rapid and unequivocal.
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Diagnostika Fusarium culmorum pomoci polyklonalnich protilatek
— priprava a vlastnosti antigeni a protilatek

Osmnact monosporovych izolatl Fusarium culmorum (FCu) s rozdilnou patogeni-
tou bylo kultivovano na péti tekutych médiich. Nejvhodnéjsi pro dalsi vyuZiti byly
ureny média Czapek Dox a Minimalni médium. Bylo zji§téno, Ze media ovliviiuji
jak morfologické, tak fyziologické vlastnosti jednotlivych izolati. Sledované vlast-
nosti pfip. jejich zmény nejsou v korelaci s patogenitou sledovanych izolati FCu.
Antigeny byly pfipraveny z mycelialni masy extrakci ve specialnim pufru a purifik-
ovany centrifugaci a ultracentrifugaci supernatantu. Tekutd média ovlivnila kvantitu
1 kvalitu protent antigent. Bylo zjiiténo, Ze obsah a sloZeni proteint, pfip. jejich
zmény nejsou v korelaci s patogenitou izolath FCu. Z krve imunizovanych kralika
antigenem FCu byly ziskany polyklonalni protilatky a byla sledovana jejich citlivost
a specifi¢nost. Nebyly zjistény rozdilné reakce mezi jednotlivymi izolaty FCu.
Anti-FCu IgG reagovalo s antigeny dal$ich druhii rodu Fusarium (oxysporum, solani,
equisetum, nivale, sambucinum, poae, avenaceum), rozdily byly kvantitativni. Ne-
byly zjistény kiiZové reakce s dal$imi patogeny izolovanymi z pSenice (Rhizoctonia
solani, Gaeumannomyces graminis, Pseudocercosporella herpotrichoides, Tri-
choderma viridae). Reakce antisér a IgG s antigeny byly sledovany pomoci dvojité
difuze v agaru a ELISA.

Fusarium culmorum; média; izolaty; morfologické a fyziologické vlastnosti; antigen;
proteiny; polyklonalni protilatky; citlivost; specifi¢nost; kiiZové reakce

Contact address:

RNDr. Jifina Kratka, DrSc., Vyzkumny ustav rostlinné vyroby
odbor rostlinolékatstvi, 161 06 Praha 6-Ruzyné, Ceska republika
tel: 00420 2 36 08 51, fax: 00420 2 36 52 29
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THE APPLE BLOSSOMS FROST DAMAGE DECREASED BY
BIOLOGICAL CONTROL AGENTS OF INA" Pseudomonas syringae*

Alois BILAVCIK, Blanka KOKOSKOVA, Jiri ZAMECNIK

Research Institute of Crop Production — Division of Plant Medicine,
Prague, Czech Republic

Abstract: We have concerned for selection of antagonistic bacterial strains reduc-
ing the population of ice nucleation active (INA*) Pseudomonas syringae (Ps)
bacteria on apple blossoms with an aim of their possible use in biological control
of fruit trees from frost injury. About 25 % of 71 screened bacterial strains pro-
duced antibiotic substances which inhibited the growth of INA* strain Ps CCM
4073 in vitro. The selected antagonistic strains were non-pathogenic and also ice
nucleation non-active (INA™). The three selected INA™ antagonistic strains with
the highest antibiosis in vitro were tested in experiments on detached flowering
shoots of apple cv. Spartan in environmental chamber. Antagonistic strains in-
duced freezing of 50% of separated flowers from —5.2 to —7.9 °C, however strain
INA* Ps CCM 4073 at —3.9 °C. The most effective INA™ antagonistic strain lo-
wered the supercooling temperature by 4 °C and consequently avoided frost
injury of separated blossoms. However the blossoms connected with spur froze at
—4.3 °C in average. The intrinsic ice nuclei of plants were found in shoots. The ice
from spurs propagated to the blossoms and causes frost injury. Although the in-
trinsic ice nuclei of apple tree could weaken the effect of INA™ antagonistic bacte-
ria, there is a space for their use. Especially during radiative spring frosts, when
the temperature of tender flowers is lower then spur temperature, the effect of
INA™ antagonistic bacteria could reach greater benefit in lowering frost injury.

ice nucleation activity; Pseudomonas syringae; frost injury; biological control

Flowers of fruit trees are often injured by spring frosts in the nature. Frost
damage of plant cells is caused by growth of ice crystals and/or by dehydra-
tion of plant tissue during withdrawing of water from cells to form of ice

crystals. Plants can survive under frost conditions by tolerance of ice crystals

in their tissues or by avoidance of ice crystal forming. One of the avoidance
mechanism is for example supercooling, e.g. decreasing of temperature
below the melting point of water without forming of ice crystals.

* This work was supported by the Grant Agency of The Czech Republic grant no. 513/94/1520.
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[t is well known, that small amounts of water are able to supercool down to
—40 °C, the bigger volumes to temperatures from —10 to =20 °C. Certain
number of water molecules must order into lattice structure to trigger ice
crystals forming. Close —40 °C the crystallisation of ice occurs sponta-
neously (homogennic nucleation). At few degrees below zero ice crystallises
in supercooled water only in addition of ice crystals or suitable initiators
(heterogennic nucleation). In contrast, different inorganic compounds per-
tain to heterogeneous ice nuclei active between —8 to —15 °C. Certain organic
compounds in crystal form, e.g. steroids, aminoacids, proteins, or some liv-
ing organisms, e.g. bacteria (Pseudomonas syringae, Erwinia herbicola,
Xanthomonas campestris pv. translucens) are active as an ice nuclei at the
range of temperature from zero to -5 °C.

Supercooling ability of different plant tissues is related to their structure,
ontogenetic development, season, weather condition and so on.: Supercooling
of water in huge parenchymatic cells and xylem vessels is in an unstable
state, which lasts at most for few hours. Small cells and cells with divided
vacuoles are able to supercool to lower levels. Bud meristems and xylem
parenchyma of woody perennials from temperate zone are able to supercool
close to 40 °C (Ashworth, Wisniewski, 1988). Generative organs as
flower buds, flowers and fruitlets are very sensitive to frost at the beginning
of growth period. Strang et al. (1980) found the increasing of frost injury
in pear from pink flower to small fruit stage, also wet flowers were more
damaged than dry ones. Critical temperatures for supercooling of blossoms
are dependent on plant species and duration of frost. Frost damage of intact
blossom or fruitlet could be caused only by one nucleus. When ice starts to
form on plant surface, ice crystals grow rapidly through stomatos, hydatodes,
lenticels and/or through wounds to inner parts of the plant (Lindow,
1983b). Dostalek (1957) found differences in frost resistance of blossoms
of different fruit trees only at temperatures at which the frost damage appears
whereas the lowest surviving temperature of various stone blossoms and
fruits did not differ much from —4 °C.

The highest ice nucleation activity of plant tissues themselves (endogenous
ice nuclei) arises only in certain sorts of tissues over —5 °C. The endogenous
ice nucleation of spur from flowering apple shoot appears at —4.9 °C (Bi-
lavéik, Zamecénik, 1995).
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About 95% of ice nuclei active from 0 to —5 °C on the leaf surface show
bacterial origin (Lindow et al., 1982). Only 0.1-10.0% of bacteria living
on plant surfaces belong to strains that are ice nucleation active. Population fre-
quencies of plant pathogenic INA* bacteria, especially Pseudomonas syringae
correlate to frost damage of blossoms in spring (Lindow etal., 1982; Lin-
dow, Connel, 1984). The natural antagonism exists between INA* bacte-
ria and bacteria that are INA~. This natural antagonistic features can be
enhanced and used for decreasing of INA* bacteria (Lindow, 1983a).

The aim of our experiments was:

a) invitro selection of saprophytic bacteria with antagonistic activity against
INA* bacteria,

b) selection of non-ice nucleation active strains screened from isolated an-
tagonistic bacteria,

c) testing the most effective INA™ antagonists against INA* Pseudomonas
syringae on separated apple blossoms in controlled conditions.

MATERIAL AND METHODS

Bacterial strains

INA* strain Ps CCM 4073 was used as standard in all experiments. This
plant pathogenic INA™* bacterial strain which mean ice nucleation activity
(MNT) is expressed at —3 °C in concentration 108 CFU ml~! was isolated of
caraway (Sykita et al., 1988). INA* strain Ps CCM 4073 was maintained
on nutrient broth-yeast extract (NBY) (Vidaver, 1967) and cultivated on
King B medium (KB) (King et al., 1954).

Potential antagonists

Selection of bacterial strains with desirable features (antagonistic activity
against INA* strain Ps CCM 4073, non-pathogenicity, ice nucleation non-ac-
tivity) was carried out on 71 isolates of Pseudomonas sp. These strains were
isolated from different host plants, mainly from fruit trees in commercial or-
chards in the Czech Republic and maintained in collection of department of
bacteriology at Research Institute of Crop Production.

Selection of antagonists

Potential antagonistic strains, including INA* Ps strain CCM 4073, were
cultivated on KB agar at 22 + 2 °C for 48h. Bacterial suspension of INA*
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strain Ps CCM 4073 diluted in sterile water was added in NBY medium to
reach the final concentration (10 CFU ml~!) and poured into Petri dishes.
After that potential antagonists were streaked on surface of agar plates in
lines and incubated at 22 + 2 °C. The diameter of inhibition zones were
measured after 48—72 hours. The size of inhibition zone corresponds to
amount and/or efficiency of antibiotic substances produced by antagonistic
strains, resp. difunded to agar (KokoSkova, 1993).

The plant pathogenicity of bacterial strains was detected by biochemical
(oxidase test) and biological tests (test pathogenicity on tobacco).

Selected antagonistic strains, including INA* strain CCM 4073, were culti-
vated on KB agar at 22 + 2 °C for 48h before measuring of ice nucleation
activity. Suspension of bacterial strains was prepared and diluted to concentra-
tion 108 CFU ml~! by sterile water. MNT of thirty 10 pl droplets of each strain
was measured by Differential Thermal Analysis (DTA) (Burke et al., 1976).

Used antagonistic INA™ strains were isolated from cabbage (P. sp. ZE7),
tomato (P. sp. SP1, P. sp. SP2). Strains P. f. CCM 2115 and INA™ strain
CCM 4073 were from Czech Collection of Microorganisms.

Preparation of INA™ strain Ps CCM 4073 and antagonistic bacteria
for frost tests on blossoms

INA* strain Ps CCM 4073 was incubated on KB agar for 48h at 22 +2 °C
for laboratory experiments. Bacterial suspension of INA* strain Ps CCM
4073 was prepared by dilution with sterile water approximately to concentra-
tion 10° CFU mI~!. Bacterial suspensions of antagonistic strains were pre-
pared by the same way except they were diluted to concentration 103 CFU ml™!
for inoculation of apple blossoms.

I. The application scheme of selected INA~ antagonistic bacterial strains on flowering apple
shoots

) Time [h]
Variant
0 24 48
INA* Ps CCM 4073 - INA* Ps CCM 4073 *%
INA™ Ps. sp. ANTG* INA™ Ps. sp. ANTG* INA* Ps CCM 4073 *=*
Control sterile water sterile water %

*ANTG - antagonistic; ** freezing test on detached blossom
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Plant material

Laboratory experiments were carried out on flowering apple shoots cv.
Spartan collected from Research Institute of Crop Protection orchards. Apple
shoots were cut in pink flower stage in May, 1994 and maintained in flasks
with tap water in controlled conditions (15/12 °C, 70% RH, 12h light period)
until full blooming.

Frost tests

Flowering apple shoots were sprayed to runoff with the most effective an-
tagonistic bacterial strains P. sp. SP1, P. sp. SP2, P. f. CCM 2115. Control
variant was treated with sterile water. The shoots were maintained under
controlled conditions (15/12 °C, 90% RH, 12h light period). Twenty-four
hours later each of variants was sprayed to runoff with INA* strain Ps CCM 4073
(10° CFU ml™!), except control, that was sprayed with sterile water. After
another 24h under the same conditions, individual variants were exposed to
frost stress. Thiry-five flowers of each variant were detached from shoot, to
prevent distortion of nucleation temperature due to endogenous ice nuclei in
spurs (BilavcCik et al., 1994), and stressed by frost on thermobattery. The
thermobattery was composed from 35 measuring and 35 reference thermo-
couples (Ko, Cu) connected in series into the Line Recorder TZ 4620 (Tesla).
Each of measuring thermocouples were put as near as possible to the pistil,
which is the most frost sensitive part of flower. The reference thermocouples
were free situated in close neighbourhood. The thermobattery filled with de-
tached flowers was placed in the freezer (Markézi MHM-52) and have been
frozen at cooling rate approximately 0.34 °C min~! to —15 °C. The freezing
events were measured by DTA. The output from thermobattery of 35 flowers
was evaluated by positive variation. The curves represents cumulative num-
ber of frozen blossoms (100% = all blossoms were frozen).

RESULTS AND DISCUSSION

Totally 18 strains of 71 screened pseudomonads were antagonistic against
Ps CCM 4073, but only 5 of them were non-pathogenic (Fig. 1). The ice
nucleation activity of the five selected strains: P. sp. SP1, P. sp. SP2, P. f.
CCM 2115, P. sp. ZE7 and P. sp. 26E is showed in Fig 2. Low ice nucleation
activity of all selected strains (below —8 °C) was in contrary to findings of
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74.6% non-antagonistic strains
H antagonistic strains
LT v
7.1% 18.3%
INA™
non-pathogenic pathogenic

1. Percemtual proportion of 71 investigated bacterial strains according to their antagonistic,
pathogenic and ice nucleation features was evaluated. We selected 25.4% strains producing
antibiotic substances which inhibited INA* strains Ps CCM 4073 in vitro. Only 7.1% of them
were INA™ non-pathogenic antagonistic strains, which were used in other experiments

Gross et al. (1983) that detected from 30 to 90% INA™* bacteria from the
total amount of isolated bacteria from fruit trees in orchards in May. Our
results could be possibly influenced by different collection time. Because for
example, Olive and McCarter (1988) found the population of INA*
bacteria fluctuating from 0 to 1.7 x 10° CFU g~! green tissue during one year.
It is known that production of bacteriocins depends on many factors, for
example kind of nutrient medium, layer of agar, laboratory temperature,
stage of bacterial cultures, time of storage and kind of maintained medium
(Vidaver, 1983; Beer et al., 1984). Low frequency, only 5, of selected
antagonists resp. strains producing antibiotic substances, which inhibited

20% 50% 10%
L 4 4 4  Sterile waier
Psp. IE7 >
Psp.SP1 - o—o
Psp. 26E —r—e
Psp. SP2 —r—
Pf CCM2115¢—60—9¢
Ps CCMd4073 ¢

24 -20 16 -12 -8 -4 rcl 0

2. The ice nucleation activity of isolated non-pathogenic INA™ antagonistic bacterial strains.
The bacterial strains were diluted to 108 CFU ml™! in sterile water. Ice nucleation activity of
thirty 10 pl droplets of each strain was measured by DTA
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INA* Ps CCM 4073 in vitro, could rely on longer time of storage of potential
antagonists in laboratory conditions before their screening (KokoSkova,
1995).

Frost treatments on apple flowers were conducted on three isolates P. sp.
SP1, P. sp. SP2, P. f. CCM 2115. Strains P. sp. ZE7 and P. sp. 26E were
excluded from experiments because of their relatively low antagonistic
ability in vitro.

Mean ice nucleation temperature of detached flowers sprayed with sterile
water was —7.2 °C Flowers treated with INA* strain CCM 4073 showed
MNT 3.9 °C MNT of flowers treated with three selected strains were —5.2 °C
(P. sp.SP2),and —7.0 °C (P. f. 2115) and —7.9 °C (P. sp. SP1) (Fig. 3.) Simi-
larly Proebsting and Gross (1988) masured MNT at —4.0 °C of apple
flowers detached from trees sprayed with INA* bacterial strain (1.7 x 108
CFU ml™!). The shift of freezing of flowers treated with INA~ antagonistic
strain P. sp. SP1 close to —8 °C was unexpectedly high, although the strain
P. sp. SP1 did not show the highest antibiosis in vitro. On the other hand one
of the most promising antagonistic strains P. sp. SP2 lowered the MNT of

100
] Sterile water
- Ps CCM4073
Pyf. CCM2115
Psp. SF1

Psp. SP2

20

0 - a2, &A‘*\Ll %n
-10

3. Relative frequency of frozen blossoms [%] sprayed with isolated non-pathogenic INA™ an-
tagonistic bacterial strains P. sp. SP1, P. sp. SP2, P. £ CCM 2115, sterile water and INA" strain
Ps CCM 4073. The concentration of non-pathogenic INA™ antagonistic bacterial strains was
10® CFU ml™'and Ps CCM 4073 10 CFU ml™!. The output from thermobattery of 35 flowers
was evaluated by positive variance. The curves represents cumulative number of frozen blos-
soms (100% = all blossoms were frozen)
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treated flowers only to —=5.2 °C. These results support the idea of Lindow
(1988) that in vitro selected antagonistic strains need not exhibit the same
level of antagonistic features as in vivo on plant surfaces. Lindow and
Connel (1984) obtained similar results. They found that almond flowers
during -3 °C frost in orchard were 50% less damaged due to reduction of
INA* bacteria by antagonistic bacteria or bactericides. In contrary to An-
drews et al. (1986) set out that not only control of INA* bacteria is suffi-
cient enough in frosts protection of flowers below =5 °C, because of
endogenous ice nuclei intrinsic to plant tissues. According to Andrews et
al. (1986) the INA* bacteria can caused frost damage during mild spring
frosts. If the temperature of flowers colonised by INA* bacteria is lower than
spur temperature, the ice formation due to exogenous ice nuclei can occur at
higher temperature then ice formation caused by endogenous ice nuclei in
spurs. Such conditions can formed during a clear night, when the heat loss of
flowers is much higher than the heat loss of spurs.

In accordance with our laboratory results the most effective INA™ antagon-
istic strain P. sp. SP1 reducing INA* bacterial population of Ps CCM 4073
lowered the ice nucleation of apple flowers from —3.9 to —7.9 °C. But the
endogenous ice nuclei localised in spur part of flowering apple shoot (B1-
lavCik, Zamecnik, 1995) shift the ice nucleation temperature approxi-
mately to —4.9 °C and cause following freezing of flowers.

However, frost protection of apple flowers by biological control agents of
INA™* bacterial population is limited through endogenous ice nuclei associ-
ated with plant tissues, during radiative spring frosts, when the conditions
allow to decrease the temperature of tender flowers few degrees lower then
spur temperature due to their mass differences, the effect of antagonistic bac-
teria could reach much greater benefit in frost protection.
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Pokles mrazového poskozeni kvétu jabloni
po aplikaci antagonistickych bakterii

Zameéfili jsme se na selekci antagonistickych bakterii redukujicich populace ledové
nuklea&né aktivnich (INA") bakterii Pseudomonas syringae na kvétech jabloni s cilem
jejich moZného vyuZiti v protimrazové ochrané ovocnych dievin béhem vegetace.
Bylo testovano 71 bakteridlnich kment, z nichZ piiblizné 25 % produkovalo antibio-
tické substance, které inhibovaly riist INA* kmenu Ps CCM 4073 v podminkach in
vitro. Vybrané antagonistické kmeny byly nepatogenni a také ledové nukleaéné neak-
tivni (INA"). Tfi vybrané INA™ antagonistické kmeny s nejvyssi antibiézou in vitro
byly testovany na oddélenych kvetoucich vyhonech jabloné odriidy Spartan v fize-
nych podminkach. Kvéty oSetfené antagonistickymi kmeny mrzly pii teplotach
-5,2 az -7,9 °C, zatimco kvéty oSetfené INA* kmenem Ps CCM 4073 mrzly uZ pfi
teploté —3,9 °C. Nejefektivnéjsi INA™ antagonisticky kmen P. sp. SP1 sniZoval teplotu
podchlazeni o 4 °C a tim omezoval mrazové po3kozeni oddélenych jablofiovych
kvétu. Aviak kvéty spojené s brachyblasty mrzly v priméru pfi teploté —4,3 °C. Zjis-
tilo se, Ze teplota mrznuti kvéti byla zavisla i na existenci vnitfnich ledovych krystali-
zacnich jader, nachazejicich se v dievni ¢asti vyhont jabloné. Ledové krystaly Sifici
se z vyhonii do kvéti zplisobovaly mrazova poSkozeni a sniZovaly tak ¢asteéné Gcin-
nost INA™ antagonistickych bakterialnich kment. Pfesto byl pozitivni u¢inek apliko-
vanych INA™ antagonistickych bakterii velmi vyrazny. Lze pfedpokladat, Ze obzvlasté
béhem jarnich radia¢nich mrazikl, kdyZ teplota rasicich kvéti je niZ8i neZ teplota
vyhonu, mohou antagonisté vyznamné omezit poskozeni rostlin mrazem.

ledové nukleacni aktivita; Pseudomonas syringae; protimrazova ochrana; biologicka
kontrola
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odbor rostlinolékafstvi, 161 06 Praha 6-Ruzyné, Ceska republika
tel.: 00 420 2 360 851, fax: 00 420 2 365 229, e-mail: kokoskova@library.vurv.cz
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SUSCEPTIBILITY OF KOCHIA (Kochia scoparias. 1.)
TO SOME HERBICIDES

Daniela CHODOVA, Jan MIKULKA

Research Institute of Crop Production — Division of Agroecology,
Prague, Czech Republic

Abstract: Some herbicides and their mixtures were tested for their effects on
kochia (Kochia scoparia s. 1.), which has spread in areas along railroad tracks.
Plants were grown under defined conditions or in a screened enclosure in con-
tainers under natural conditions. Seeds were collected in the areas of railroad
stations and sown into containers, or plants taken at railroad stations were di-
rectly set into them. Herbicides were applied to kochia plants at different devel-
opmental stages. Herbicide efficacy was expressed as percent of killed plants.
Applications to plants grown from seeds under defined conditions resulted in
100% efTicacy of herbicide Arsenal (250 g of the active ingredient imazapyr) at
a dose of 4 1/ha within 40 days from treatment. Herbicide Grodyl 75 WG (75 g
of amidosulfuron as a.i.) gave 18% efficacy at a dose of 80 g/ha within 40 days.
In the screened enclosure, Arsenal application at a dose of 4 /ha caused within
6 weeks 96% mortality of plants treated at the stage of seedlings up to the height
of 3 cm, while 83% efficacy was observed if plants were treated at the height of
3-10 cm. There were a few very young solitary plants of kochia that survived
repeated applications of Arsenal at a dose of 4 1/ha. The herbicide Bladex (500 g
of cyanazine as a.i.) had 100% efficacy within 7 days at a dose of 3 1/ha on plants
3-10 cm high, and within 21 days at a height of 10-20 cm. The mixture of
herbicides Arsenal + Bladex at a dose of 4 + 3 /ha and at half that dose showed
100% efficacy of control within 7 days when kochia was treated at the height of
3-10 cm, and at the height of 10-20 cm within a fortnight. Herbicides Grodyl
75 WG and Shorty (90 g of imazethapyr as a.i. + 10 g of imazapyr as a.i.) were
not effective at all. To control kochia efficiently it should be treated at younger
developmental stages. Applications should be repeated on locations with a high
density of plants or great seed reserves in the soil. The experimental results have
demonstrated very good efficacy of Bladex and the mixture Arsenal + Bladex to
control kochia.

Kochia scoparia s. 1.; susceptibility to herbicides; imazapyr; cyanazin; amido-
sulfuron
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Changes in the spectrum of weed species in weed communities occur con-
tinuously. But the intensity of changes is different at various times, and each
change has its own causes. On farm land, they are evoked by changes in the
intensity of crop production, by changes in technologies or cultivars, and by
many other factors. Weed species that can adapt to new conditions more
readily are propagated quickly and are spreading in the environs. On the
other hand, weed species that do not adapt well are gradually disappearing
from weed communities. Widespread and repeated applications of some her-
bicidal preparations resulted in the formation of populations resistant to her-
bicides with a specific mechanism of action (Chodova, Mikulka,
1990).

Changes in weed communities also occur on nonagricultural land. Very in-
teresting weed communities are settled in areas along railroad tracks, around
railroad stations and in surrounding areas. Railroad traffic brings numerous
weed species from neighbouring countries to this country. Their introduction
and subsequent distribution on farm land are risky.

Our surveys have shown that kochia (Kochia scoparia s.1.) has become
widely distributed in areas along the railroad tracks and stations (railroad
stations Bubny, Vysocany, Vr$ovice, Nymburk, Kolin, ééslav). Hejny et
al. (1973) indicated ports and points of transshipment on the Elbe river, grain
silos and oil crop stores as potential sources of such introduction.

The kochia is an annual plant from the Chenopodiaceae family; it was orig-
inally an ornamental plant that then got established as a weed on arable land
(Guttieri et al.,1995). Its stalk can be as high as 1 m. The plant is partly
self-pollinated, with green flowers, it is propagated exclusively by seeds.
Flowers appear 8-12 weeks after germination, seeds in soil remain dormant
for up to three years (Thill etal., 1991).

It is one of the most important dicotyledonous weeds in the USA and in
Canada that are controlled by chlorsulfuron applications in grain crops. The
existence of a biotype resistant to herbicides from the group of imidazoli-
nones and sulfonylureas was demonstrated (Primiani et al., 1990; Stal-
lings et al., 1995). The above groups of herbicides inhibit the enzyme
acetolactate synthase (Devine et al., 1991). The latter enzyme has been
modified in the resistant biotype in such a way that it is less susceptible to the
above herbicides (Saari et al., 1990, 1994). A weed resistant to one her-
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bicide remains susceptible to herbicides with another mechanism of action
(Friesen etal., 1993).

Pursuant to guidelines of the Ministry of Agriculture (1995) and according
to foreign experience (Torstensson, Lindholm, 1988; Arsenovic
etal., 1991) the herbicide Arsenal is recommended as suitable for weed con-
trol along railroad tracks.

The objective of the first study on kochia was to specify a growth stage
appropriate for applications and testing of herbicides or their mixtures for the
control of this weed. We also tried to find whether there was not a resistant
biotype in the population of the plants included in our tests until now.

MATERIAL AND METHODS

Experimental plants

Plants of kochia for trials were collected by two procedures. Entire plants
with seeds were collected in the areas of railroad stations (Kolin, Bubny,
VysocCany, VrSovice, Liben) in fall 1995, dried in a laboratory and seeds
were husked. Young plants 2-5 cm high with roots were collected in the
areas of railroad stations in May 1996, wrapped up in microtene bags, and on
the same day planted into 10 x 10 cm plastic containers with soil. Plants 2—5 m
in height were collected. The plants were kept in a screened enclosure where
they rooted successfully within about a week.

Plant growing

Plants were grown after seeding in plastic containers and placed either in a
growth chamber under defined conditions: photoperiod 10 h light, 14 h dark-
ness, temperature 18-20 °C, humidity 35%, light intensity 23 W/m? in the
period December—March, or in a screened enclosure in the period May to
October together with the young transplants from areas of railroad stations.
The plants were watered from below.

Plants were treated with herbicides at several growth stages: seedlings
(i.e. about 1 cm in height) up to the height of 3 cm, 3-10 cm, 10-20 cm,
20-50 cm, respectively. ‘

Plant number per container before treatment was reduced to 10, and to five
in the oldest plants 20-50 cm high. Twenty plants were treated within one

115



Ochr. Rostl., 33,1997 (2) : 113-123

replication in the growth chamber, while in the screened enclosure each
treatment consisted of 50 plants with three replications.

Plant treatment

Herbicide Active ingredient [g per | of chemical]
Arsenal 250 imazapyr

Bladex 50 SC 500 cyanazin

Grodyl 75 WG 75 amidosulfuron

Shorty 90 imazethapyr + 10 imazapyr

The plants were treated with a hand sprayer at an amount of 50 ml of water
per 1 m? to apply the herbicide doses indicated in the tables. Besides recom-
mended doses, lower concentrations or several times higher ones were used.
Plants without any herbicide applications were grown as controls. Effects on
kochia were evaluated by counting the number of killed plants and these ex-
pressed in percent of the total to show the level of efficacy.

RESULTS AND DISCUSSION

Table I shows the results of trials with kochia grown in a growth chamber
under defined conditions.

I. The efficacy of herbicides Arsenal and Grodyl 75 WG in the control of Kochia scoparia s. 1.
expressed as the percentage of killed plants

Percentage of killed plants
Herbicide T
per ha days after treatment
7 11 13 15 18 21 30 38 40
Arsenal 41 0 0 0 7 28 42 64 64 | 100
81 0 0 0 25 42 42 70 70 | 100
161 0 0 0 32 45 50 75 | 100 | 100
241 0 0 0 37 37 66 88 | 100 | 100
Grodyl 75 WG | 20g 0 0 0 0 0 10 10 10
40¢g 0 0 0 15 15 15 15
80g 0 0 0 18 18 18 18 18 18

Plants were at the age of four weeks after seeding, 3-10 cm in height on the date of spraying
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The herbicide Arsenal at a dose of 4 I/ha killed all plants within 40 days.
The speed of action was proportionate to increasing herbicide concentrations.
Herbicide Grodyl 75 WG was found ineffective (18% efficacy), after appli-
cation the plants were of lower habit than the control, dark green in color
without any signs of injury.

Fig. 1 and 2 show the effects of Arsenal applications on plants grown from
seeds under natural climatic conditions in a screened enclosure (plants were
2 weeks and 4 weeks old, respectively, at the time of treatment).

100
90 |
O
70
60 |
s0
40
30 |
2 |
lo f » y Arsenal 4 Vha
0 7/ Arsenal 2 Vha

% of killed plants

1. Effects of Arsenal applications on Kochia scoparia s. 1. at weekly intervals after treatment.
Plant age 2 weeks after seeding on the date of application, seedlings up to 3 cm in height

Efficacy of Arsenal at a dose of 4 1/ha reached 96% in the control of plants
up to 3 cm in height. There were a few solitary live plants left, green in color,
but with retarded growth. A second Arsenal application at the same dose of
killed most of these plants, only in one case did five such plants survive. The
latter were left in containers until they produced seeds that will be used in further
tests to confirm or exclude resistance. As indicated by foreign information
(Friesen et al., 1993), the resistance level of kochia populations from Ca-
nada and Kansas to sulfonylureas and imidazolinones was different. Saari
et al. (1994) were of the opinion that weed populations were present in a
mixture of resistant and sensitive types under field conditions.

117



Ochr. Rostl., 33, 1997 (2) : 113-123

Arsenal applications to plants 3-10 cm in height resulted in 83% efficacy
of the chemical in 6 weeks. The efficacy at a dose of 2 1/ha was not satisfac-
tory enough, at 60-70%.

The results of trials with kochia plants grown under natural conditions and
treated with other herbicides and mixtures of herbicides are presented in
Table II (after seeding) and in Tables III and IV (after transplanting from a
railroad station).

II. The effects of herbicide applications on Kochia scoparia s. . plants expressed as the per-
centage of killed plants

Percentage of killed plants
Herbicide ook
per ha days after treatment

7 14 21 28 35 42

Bladex 31 100 100 100 100 100 100
Arsenal + Bladex |2+ 1.51 100 100 100 100 100 100
Arsenal + Bladex 4+31 100 100 100 100 100 100
Grodyl 75 WG 80¢g 0 0 0 0 0 0
Shorty 0.51 0 0 0 0 0 0
11 0 0 0 0 0 0

21 0 0 0 0 0 0

Plants were at the age of four weeks, 3—10 cm in height on the date of plant spraying

Herbicide Bladex and its mixtures with Arsenal at a dose of 4 + 3 I/ha and
at half that dose 2 + 1.5 I/ha when applied to plants 3-10 cm high showed
100% efficacy as soon as within a week after treatment. The herbicide Gro-
dyl 75 WG, even at a dose of 80 g/ha, and Shorty at a dose of 2 I/ha were
completely ineffective, the plants produced flowers.

Fig. 3 shows the effects of herbicides Bladex, Arsenal and Shorty on ko-
chia plants.

Herbicide Shorty at a dose of 2 1/ha had no effect on plants 10-20 cm high
at the time of application, while the efficacy of Arsenal at a dose of 4 1/ha
was only 30% after 6 weeks. There was 100% efficacy within 21 days after
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2. Effects of Arsenal applications on Kochia scoparia s. 1. at weekly intervals after treatment.
Plant age 4 weeks after seeding on the date of application, plant height 3—-10 cm

treatment with Bladex, and in 14 days following the use of a mixture of the
latter and Arsenal. A mixture of these herbicides at half the dose also resulted
in 100% efficacy.

III. The effects of herbicide applications on Kochia scoparia s. 1. plants expressed as the per-
centage of killed plants

Percentage of killed plants
s Dose
Herbicide per ha days after treatment

7 14 21 28 35 42
Bladex 31 0 0 100 100 100 100
Arsenal + Bladex 2+1.51 0 100 100 100 100 100
Arsenal + Bladex 4+31 0 100 100 100 100 100
Arsenal 41 0 0 0 0 0 30
Shorty 21 0 0 0 0 0 0

Plants were two weeks after transplanting from the railroad station area on the date of spraying,
10-20 cm in height
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Symbol herbicide: 1 — Arsenal 4 1/ha; 2 — 1.5 L Bladex 1.5 Vha; 2 — 3 L Bladex 3 l/ha; 3 — Ar-
senal + Bladex 41 + 3 l/ha; 4 — Shorty 2 I/ha; K — control (right at the top)

3. The effects of herbicide applications on Kochia scoparia s. |., treatment four weeks after
seeding. The photo was taken 12 days after treatment

Applications of herbicide Arsenal did not kill plants that were 20-50 cm in
height at the time of spraying, even at a concentration of 16 1/ha. Plant leaves
were lighter in color in comparison with the control, only the oldest leaves
were withered. The mixture of Arsenal + Bladex at a dose of 4 + 3 1/ha re-
sulted in 30% mortality of treated plants (the shortest were about 20 cm
high).

An important factor for successful control of kochia plants is an appropri-
ate plant age. Herbicide Arsenal at a dose of 4 1/ha, which was found ineffec-
tive in some cases under practical conditions, showed 96-100% or 83%
efficacy, respectively, when applied to plants at younger developmental
stages (up to 3 cm or up to 10 cm high), while 100% efficacy was achieved
on plants up to 10 cm in height when grown under defined conditions. Plant
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density is also important for practical kochia control as shown by our own
experience. If the number of individuals per unit area is large, some plants
may not be covered by the treatment due to the mode of leaf arrangement on
the plants.

Since, as shown by our observations, kochia seeds can germinate in con-
tainers under natural conditions all year round, and due to the assumed great
reserve of kochia seeds at the places of its distribution, sprayings should be
repeated under practical conditions. Hence the use of a herbicide with longer
residual effects seems to be required. Herbicide Bladex and the mixture of
Arsenal + Bladex showed very good efficacy in the control of kochia plants
up to a height of about 20 cm.
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Citlivost Kochia scoparia s. 1. viaci vybranym herbicidum

Byl zkousen u¢inek vybranych herbicidi a jejich kombinaci na bytel metlovity
(Kochia scoparia s. 1.), ktery se roz§ifil na Zeleznici, a ktery by mohl byt nasledné
roz$ifen na ornou pudu a stejné jako v zahrani€i se stat plevelem, ktery zpisobuje
rozsahlé ekonomické ztraty.

Rostliny jsme péstovali za definovanych podminek nebo ve vegetacni siti za pii-
rozenych povétrnostnich podminek v kontejnerech po vysevu semen sebranych
z pozemkil nadraZi. SoubéZné jsme rostliny v nejmladsi vyvojové fazi piesazovali
pfimo z prostiedi nadraZi do kontejnerti.

Rostliny jsme oSetfovali v riiznych fazich vyvoje. Uginek herbicidii jsme hodnotili
poc¢tem uhynulych rostlin v procentech rostlin pfed oSetienim.

Pfi péstovani rostlin ze semen za definovanych podminek byl G¢inek herbicidu
Arsenal (250 g u. l. imazapyru) v davce, ktera odpovida 4 V/ha, za 40 dni po oSetfeni
100%. Rychlost piisobeni herbicidu byla iméma zvySujici se koncentraci. Herbicid
Grodyl 75 WG (75 g u. 1. amidosulfuronu) vykazal v davce 80 g/ha za 40 dni velmi
slaby 18% ucinek.

OSetfeni herbicidem Arsenal za pfirozenych povétmostnich podminek v davce
4 1/ha pusobilo za Sest tydnii thyn 96 % rostlin oSetfenych ve fazi kli¢nich aZ do vySe
3 cm (dva tydny po vysevu semen). Na rostliny oSetfené ¢tyfi tydny po vysevu semen
pfi vySce 3-10 cm mél Arsenal po Sesti tydnech 83% ucinek. Ojedinéle piezily
rostliny i opakovany postfik Arsenalem davkou 4 l/ha. Pro potvrzeni rezistence je
nutné testovat dalsi rostlinny material. Pii vyskytu rostlin Kochia scoparia rezistent-
nich vii¢i imazapyru se totiZ v ramci jedné populace vZdy jedna o populaci smiSenou,
tj. s vyskytem rezistentnich 1 citlivych jedincu.

Herbicid Bladex (500 g 1. 1. cyanazinu) vykazal za sedm dni 100% G¢inek v davce
3 I/ha, jestlize byly rostliny oSetfeny étyfi tydny po vysevu semen, stejné tak kombi-
nace herbicid Arsenal + Bladex v davce 4 + 3 I/ha i v davce poloviéni.
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Velmi dobrého ucinku bylo dosaZeno 1 po aplikaci herbicidu Bladex a kombinace
Arsenal + Bladex na rostliny za dva tydny po pfesazeni z prostfedi nadrazi, kdy mély
vySku 10-20 cm. Bladex 3 Vha mél 100% ucinek za tii tydny po oSetfeni, kombinace
s herbicidem Arsenal jiZ za dva tydny v obou pouZitych davkach.

U rostlin starSich, které mély vySku 20-50 cm, se G¢inek herbicidu Arsenal ani
v davce 16 I/ha neprojevil, kombinace Arsenal + Bladex (4+3 I/ha) méa uéinek pouze
30%, a to na rostliny s nejnizsi vyskou (asi do 20 cm).

Herbicid Grodyl 75 WG 1 pii nami pouZité nejvyssi davce 80 g/ha stejné jako
herbicid Shorty (90 g 1. 1. imazethapyr + 10 g u. 1. imazapyr) v davce 2 1/ha byly na
Kochia scoparia s.l1. , péstované za piirozenych povétmostnich podminek nedcinné.

Pro uspésnou regulaci je nutné rostliny Kochia scoparia s. 1. oSetfovat v nejmladsi
vyvojové fazi. V mistech, kde je velka hustota rostlin, nebo kde je velka zasoba semen
v pudé je nutné postiik opakovat. Z vysledki pokust vyplyva velmi dobry ucinek
herbicidu Bladex a kombinace Arsenal + Bladex na Kochia scoparia s. 1.

Kochia scoparia s. L.; citlivost viiéi herbicidim, imazapyr; cyanazin; amidosulfuron

Contact address:

RNDr. Daniela Chodova, CSc., Vyzkumny tstav rostlinné vyroby
odbor agroekologie, 161 06 Praha 6-Ruzyné, Ceska republika
tel.: 00 42 2 360 851, fax: 00 420 2 365 229
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GERMINATION AND SEED VIABILITY IN A DANDELION,
TARAXACUM OFFICINALE AGG*

Zdenka MARTINKOVA, Alois HONEK

Research Institute of Crop Production — Division of Phytomedicine
Prague, Czech Republic

Abstract: The rate and final percentage of germination was investigated in seeds
of a dandelion (7Taraxacum officinale agg.) from a population at Praha-Ruzyné.
Seeds colected in May were kept either at room conditions (24 + 2 °C, 40% RH)
or buried in the field at 20 cm depth. The germination under 4h photophase was
recorded after 2 to 621 days from seed collection. Physiological time to 50%
germination was similar at 15 and 25 °C (125 and 100 day degrees above 0 °C
threshold) but much slower at 35 °C (812 day degrees). Percentage of germinat-
ing seeds at 25 °C decreased little during 1.5 years storage at room conditions
while a large proportion of field buried seeds lost germination. Under room con-
ditions decreasing germination was due to mortality of slowly germinating seeds
(after 6 days at 25 °C) while under field conditions the mortality was non-selec-
tive. The rates of seed mortality differred from those reported by earlier studies.
This variation could be caused by variation between microspecies of T. officinale
agg.

dandelion; seed; germination; survival; soil seedbank; temperature

The biology of seeds and germination in Taraxacum officinale agg. has

been subject of many studies. This interest is practical: The establishment of
seedlings is an important problem in cultures where bare ground surfaces
remain exposed to seed rain, in intensive fruit orchards, tree nurseries, and
garden cultures of ornamental plants. Dandelion seedlings may appear also
in grasslands and permanent cultures when crop cover becomes incomplete.

Dandelion seeds lack primary dormancy and could germinate immediately

after maturation. This species is known to form a short-term persistent soil
seed bank, i.e. seeds persist for more than one year but usually less than five
(Grime etal.,, 1981, 1990; Burnside et al., 1996). The differences in ger-

* This work was supported by grant No. 513/95/0681 of the Grant Agency of the Czech Republic.
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mination rate of freshly collected seeds and seeds stored under different en-
vironmental conditions, as well as patterns and causes of seed mortality in
time are little known. Another factor that may vary seed biology of dandelion
is the polytypic character of the Taraxacum officinale agg. The studies re-
vealed that 7araxacum section Ruderalia with the species Taraxacum offici-
nale Weber in Wiggers consists of a number of micro-species, of which at
least 150 was described from central Europe (Dostal,1989). The taxo-
nomic effects on seed biology are not fully appreciated.

In this study we investigate survival and germination of seeds stored at
room conditions and try to determine intrinsic causes of mortality. We com-
pare the results with recently published information from Canada (Let-
chamo, Gosselin, 1996).

MATERIAL AND METHODS

The seeds of a population of 7Taraxacum spp. Section Ruderalia were col-
lected on a small persistent population of plants growing on a meadow at
Prague-Ruzyné€, on May 10, 1995 and May 21, 1996. The seeds were then
stored dry at room temperature of 24 + 2 °C and 40% RH. Germination ex-
periments were established 2, 6, 24, 37, 80, 122, 171 days (material of 1996)
and 499 and 548 days (material of 1995) after seed collection. Seed samples
of 1995 material were also buried in the field, on June 16, 1995, 37 days after
collecting. The material was divided into lots of about 1500 seeds, which
were wrapped into pieces of nylon fabric and buried at 20 cm depth. The
seeds were exhumed on November 1 and December 1, 1995, then in monthly
intervals starting from February 1, 1996.

Germination experiments were established at 25 °C and 4D : 20L photo-
period. Hundred seeds were placed on petri dish of 10 cm diameter, on a
moist filter paper, in 5 or 10 replicates in each germination experiment . The
germination was established daily, for 35 days from the beginning of the ex-
periment. The experiment with effect of constant temperatures of 15, 25, and
35 °C on germination rates was established on January 20, 1997, with 1995
seed material stored for 621 d at room conditions. To compare the effect of
temperature, the time to germination was expressed as physiological time,
number of day-degrees (dd) above 0 °C threshold. The threshold was set at
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0 °C since field germination occurs at 2 °C (Fisjunov, 1984) and 50% of
maximum germination was observed at rather low temperature of 7 °C
(Grime etal, 1981).

RESULTS

Temperature affected the rate of germination (Fig. 1). There was little dif-
ference at medium temperatures of 15 and 25 °C where 50% germination
occurred at 125 and 100 dd from the start of germination while a high tem-
perature of 35 °C decreased the rate of germination substantially and 50%
germination occurred only after 812 dd. The final percentage of germinating
seeds decreased with temperature from 80.3 to 70.5% and 58.6% in 15, 25
and 35 °C, respectively.

9
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0 t
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Germmnation (%)
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Physiological ime [dd]
1. Cumulative percentage of germination in relation to physiological time, day-degrees (dd)

above 0 °C threshold, elapsed from the beginning of germination experiments, at 15, 25 and
35°C

At 25 °C the rate of germination was essentially similar during the first six
days, regardless of the length of seed storage at room conditions (Fig. 2A).
The average cumulative percentage of germinating seeds on day 6 was
66.8 + 2.2% (range 63.2-70.6%). The germination rate of seeds buried in the
soil for 513 and 598 d was essentially similar to seeds stored at room condi-
tions (Fig. 2B) although final germination rates were small, 33.0% and
30.6%, respectively. The slightly earlier peak of germination in buried seeds
was caused by starting germination experiments with seeds which were im-
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2. The distribution of time to germination at 25 °C. A — seeds stored at room conditions of
24 + 2 °C and 40% RH for materials stored 2-548 days (pooled data); B — seeds buried in the
field for 513 and 598 days (pooled data)

bibed already in the soil, before the start of the germination experiment. The
modal germination length was in both cases 4 d from the beginning of the
experiment.

The survival, final proportion of germinating seeds, decreased little with
time during the storage of dry seeds at room conditions (Fig. 3A). The cumu-
lative percentage of germination decreased from 86.0% on day 2 to 67.8% on
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day 548 of storage. By contrast, survival of buried seeds was lower. There
was a clear trend for increasing mortality with time althoug variation be-
tween samples was greater than in room stored seeds (Fig. 3B). The germina-
tion was between 58-94% until the autumn of the second year of burial
(1996). Thereafter, from October 1996 (the second year of burial) final ger-
mination decreased to 24—46%.
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The causes of decrasing total germination percentage were analysed during
storage at room conditions. The final percentage of germination was directly
proportionate to the fraction of seeds that germinated after > 6 days (»* = 0.879,
df=17, p<0.001) (Fig. 4). The proportion of seeds with retarded germination
decreased with the length of storage (»* = 0.734, df = 7, p < 0.005 ) (Fig. 5).
Thus the high germination rates were caused by slowly germinating seeds
and mortality of these poor seeds caused the decrease of germination per-
centage in materials stored under room conditions for a long time.

DISCUSSION

Most results were congruent with traditional knowledge on dandelion seed
and germination biology. The initial germination percentage of freshly har-
vested seeds was high, although not 100% (Letchamo, Gosselin,
1996). Cyclical induction of secondary seed dormancy may appear in weeds
which participate in early stages of sucession on arable land (Bewley,
Black, 1982; Baskin, Baskin, 1985). In dandelion which germinates
in the spring we would suppose the induction of dormancy during summer
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and autumn months. We did not establish the induction of secondary seed
dormancy in buried seeds, neither in the first year (the year of collection) nor
in the second year (the year after) of the burial. As expected, persistence of
soil bank of 7araxacum officinale agg. was low and seed mortality became to
increase rapidly beginning with the autumn of the second year of burial.
However, during the vegetation season of the second year (the year follow-
ing the one in which the seeds developed) the seeds buried in the field soil
retained a high germination capacity and their germination percentage at
25 °C was nearly equal to fresh seeds. The seed reserves of the previous year
are equal in their capacity to establish dandelion populations as are the popu-
lations originating from the current seed rain. However, old seeds should re-
main on, or should be moved near the soil surface since dandelion seeds
germinate from a maximum of 4-5 cm depth (Fisjunov, 1984). Germina-
tion at 20 cm depth would be fatal and, in fact, no germination was observed
in the buried samples. This was unlike seeds of several other weed species
that readily germinated in fatal depths (Honék, Martinkova, in prep.)

The difference against the recent study of Letchamo and Gosselin
(1996) is longer viability of seeds under room conditions. This variation
could indicate the importance of variation between dandelion populations (or
micro-species) which may vary in the intrinsic longevity.
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This study also provided an insight into the mechanism of seed mortality.
The longevity of stored seeds generally depends on temperature and humid-
ity during storage period (Roberts, Ellis, 1989). Individual seeds, how-
ever, may differ in pre-dispositions for survival. During 1.5 years of storage
at rooom conditions the decrease of germination percentage was caused by
mortality of poor seeds whose inferiority became manifest by prolonged ger-
mination period (> 6 days). By contrast, the mortality in the open concerned
also intrinsically vigorous seeds. Environmental factors killed a fraction of
seeds which would have survived under room conditions.

Acknowledgement

We thank Mrs. Ludmila Kreslova and Mrs. VéraPolakova for excel-
lent technical assistance.

References

BASKIN, J. M., BASKIN, C. C. (1985): The annual dormancy cycle in buried weed
seeds: a continuum. Bioscience, 35: 492—498.

BEWLEY, J. D., BLACK, M. (1982): Physiology and Biochemistry of Seeds. Vol. 2.
Berlin - Heidelberg - New York, Springer.

BURNSIDE, O. C., WILSON, R. G., WEISBERG, S., HUBBARD, K. G. (1996):
Seed longevity of 41 weed species buried 17 years in eastern and western Nebraska.
Weed Sci., 44: 74-86.

DOSTAL, J. (1989): Nova kvétena CSSR. Praha, Academia.

FISTUNOV, A. V. (1984): Sornye rastenia. Moskva, Kolos.

GRIME, J. P., MASON, G., CURTIS, A.V., RODMAN, J., BAND, S. R., MOW-
FORTH, M. A. G.,, NEAL, A. M., SHAW, S. (1981): A comparative study of germi-
nation characteristics in a local flora. J. Ecol., 69: 1017-1059.

GRIME, J. P., HODGSON, J. G., HUNT, R. (1990): The abridged comparative plant
ecology. London, Chapman and Hall.

LETCHAMO, W., GOSSELIN, A. (1996): Light, temperature and duration of storage
govern the germination and emergence of Taraxacum officinale seed. J. Hortic. Sci.,
71:373-3717.

ROBERTS, E. H., ELLIS, R. H. (1989): Water and seed survival. Ann. Bot., 63:
39-52.

Received March 12, 1997

132



Ochr. Rostl., 33,1997 (2): 125-133

Klli¢eni a zivotnost nazek pampelisky lékarské,
Taraxacum officinale agg.

Byla sledovana rychlost kliceni a celkové procento kli€ivosti u populace nazek
pampeliSky lékaiské (Taraxacum officinale agg.) z Prahy-Ruzyné. NaZky sebrané
v kvétnu byly skladovany v suchu v pokojovych podminkach (24 £+ 2 °C, 40 % RH),
nebo byla v polnich podminkach zakopany do pidy do hloubky 20 cm. Pokusy
s klicenim byly provadény po 2 aZ 621 dnech od data sbéru, pfi fotoperiodé se 4 h
fotofazi. Fyziologicka doba potiebna k vykliceni 50 % nazZek byla podobna pfi teploté
15 a25°C (125 a 100 dennich stupiii nad prahovou teplotou 0 °C), aviak mnohem
delsi pii teploté 35 °C (812 dennich stupiii). Procento kli¢ivych naZek (pfi teploté
kliceni 25 °C) bé€hem osmnactimési¢niho skladovani pii pokojovych podminkéch
pokleslo jen malo, zatimco v pidé v polnich podminkach velka ¢ast naZek ztratila
kli¢ivost na podzim druhého roku po zakopani. V pokojovych podminkach byla pfici-
nou sniZeni kli¢ivosti mortalita nazek s nizkou rychlosti kli¢eni (> 6 dni ve 25 °C)
zatimco v polnich podminkéach byla mortalita neselektivni. Vzrist mortality naZek
v Case se liSil od dfive publikovanych udaju, pravdépodobné vlivem ekologickych
rozdili mezi materialy naZek nebo taxonmickych rozdilli mezi mikrospeciemi agre-
gace T. officinale.

pampeliska lékaiska; nazky; kli¢ivost, pfeZivani; pudni zasoba naZek; teplota

Contact address:

RNDr. Alois Honék, CSc. Vyzkumny ustav rostlinné vyroby
odbor rostlinolékafstvi, 16106 Praha 6-Ruzyng, Ceska republika
tel.: 00 420 2 360 851, fax: 00 420 2 365 228
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INSECTICIDAL ACTIVITY OF SUBSTANCES OF PLANT ORIGIN
AGAINST STORED PRODUCT INSECTS*

Irma KALINOVIC, Julijo MARTINCIC, Viatka ROZMAN, Viado GUBERAC

University of Josip Juraj Strossmayer in Osijek, Faculty of Agriculture,
Osijek, Croatia

Abstract: The aim of these experiments was to study the insecticidal activity of
different aromatic plants against Sitophilus granarius (L.) and Acanthoscelides
obtectus Say. In laboratory conditions A. obtectus was most effectively con-
trolled by an oil extract of Lavandula officinalis. Less effective was dried dust
of Origanum vulgare, Laurus nobilis, Thymus vulgaris and Rosmarinus offici-
nalis. For the control of S. granarius, the most effective was dried dust of L.
nobilis. Under store house conditions the best insecticidal efficacy against
S. granarius in milling wheat was shown by dust of R. officinalis, while in seed
wheat an oil extract of L. nobilis was best. None of the investigated preparations
of plant origin had a negative influence on seed wheat germination.

aromatic plants; insecticidal effect; stored pests; mercantile wheat; seed wheat;
germination

The protection of stored agricultural granular products (beans, wheat)
against harmful insects is throughout the world and in Croatia carried out
mostly with chemical insecticides, which may leave harmful residues in food
and pollute the human environment. Lately, there has been research on alter-
native substances with insecticidal and/or repellent activity on harmful in-
sects in granular agricultural products. The purpose of our investigations was
to find such non-pesticide preparations, like some aromatic plant species, for
use against the most important stored product insects. Tests would involve
laboratory and commercial storage conditions, and the influence of the prep-
arations on the germination of seeds.

* The paper was supported by the Croatian Ministry of Science, Croatian Enterprises Agros
Osijek, Institute of Agriculture in Osijek, Osjecanka Osijek and Zitar Donji Miholjac.
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The possibility to use different plants as insecticides and/or repellents, as in
traditional protectants of stored products, is investigated all over the world.
The first systematic study of the insecticidal properties of the plant Acorus
calamus against stored product pests in small native granaries in India was
by Subramanian (1942). Till today, the activity of aromatic plants on
more than 30 species of stored insects and mites have been investigated, with
different results (Daniel, Smith, 1990; Dunkel etal.,, 1991; Hu et al.,
1993; Schmidt, 1991; Lungshi etal., 1994).

The investigation of Regnaoult-Roger and Hamraoui (1993) with
Acanthoscelides obtectus Say. adults (bean weevil) showed significant insec-
ticidal effect of aromatic plants like Origanum serpyllum, Thymus vulgaris
L., T. serpyllum, Satureia hortensis, Rosmarinus officinalis L., Mentha pipe-
rita and Tilia cordata. The toxicity of essential oils extracted from aromatic
plants to the stored product pests Rhizopertha dominica F., Oryzaephilus
surinamensis L., Tribolium castaneum Herbst and Sitophilus oryzae L. have
been studied with the conclusion that the sensitivity of a species to the same
oil is quite different (Shaayaa etal., 1991). In Croatia, so far we have had
poor results in the first investigations of insecticidal and/or repellent in-
fluence of some aromatic plants (Laurus nobilis L., Rosmarinus officinalis,
Thymus vulgaris) against stored product insects [R. dominica, Sitophilus
granarius (L.), A. obtectus] (Kalinovic¢, Ili¢, 1995).

MATERIALS AND METHODS

Investigations were carried out in laboratory and in floor store house (lo-
cality Osijek). Tested plants were Rosmarinus officinalis, Laurus nobilis,
Thymus vulgaris, Origanum vulgare L.. and Lavandula officinalis (as dried
dust and oil extract).

Laboratory test (temperature 23-25 °C; moisture level 65-75%; photo-
period 12h light, 12h dark)

Biological materials

L. Phaseolus vulgaris L. — kidney bean (1 g dry plant material or 0,1ml oil
extract per 1 kg beans)

Acanthoscelides obtectus — bean weevil adult
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I1. Triticum vulgare L. — milling wheat (1g dry plant material or 0,1ml oil
extract per 1 kg wheat)
Sitophilus granarius — wheat weevil adult

Twenty beans and 20 bean weevils or 20 wheat grains and 20 wheat
weevils were put in Petri dishes, in eight repetitions for each treatment.

Test in a store house (temperature 4-7 °C; moisture level 70-75%; moisture
of wheat 14%; photoperiod 12h light, 12h dark)
Biological materials
L. Triticum vulgare — milling wheat (37g dry plant material or 3.7ml oil ex-
tract per 5 kg wheat in a paper bag)
I1. Triticum vulgare — seed wheat (37g dry plant material 3.7ml oil extract per
5 kg wheat in a paper bag)
Sitophilus granarius — 10 adults were put in a small wire cage
Each treatment was investigated in four repetitions.
Seed wheat germination was tested in laboratory conditions by standard
methods on filter paper (Pravilnik o kvaliteti ..., 1987).
The results were tested by variation analysis and an Lsd-test.

RESULTS AND DISCUSSION

Laboratory test

For the control of Acanthoscelides obtectus in Phaseolus vulgaris (Fig. 1)
the most effective was an oil extract of Lavandula officinalis (1 ml/1 kg, total
mortality within 24 hours). Less effective was dust of L. officinalis and Orig-
anum vulgare (1 g/1 kg, total mortality after 48 and 72 h), and dust of Laurus
nobilis, Thymus vulgaris and Rosmarinus officinalis (total mortality after 15
days). According to the laboratory investigations of Regnault-Roger
and Hamraoui (1993), dried O. serpyllum, T. vulgaris and Satureia hor-
tensis showed a significant insecticidal effect on A. obtectus adults in bean.

In the test to control Sitophilus granarius in wheat, Triticum vulgare,
(Fig. 2), dust of Laurus nobilis was most effective on milling wheat (1g/1 kg,
total mortality during 26 days). Less effective was dust of R. officinalis,
T. vulgaris and L. officinalis, where total mortality was attained during
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dust; 7 — control

1. Exposure to achieve 100% mortality of Acanthoscelides obtectus Say — Laboratory test

28-30 days of exposure. Similar results were obtained during the first inves-
tigations in Croatia (Kalinovi¢, I1i¢, 1995).

Test in store house

In store house conditions against S. granarius in milling wheat (Fig. 3), the
most effective was an extract of L. officinalis (3,7 ml/5 kg, total mortality
during 12 h) and dust of R. officinalis (37 g/5 kg, total mortality after 48 h
exposure). Dust of L. nobilis (37 g/5 kg) and oil extract of R. officinalis
(3,7 ml/ 5kg) against S. granarius, showed similar results (total mortality
after 96 h). Other tested preparations, like dust of L. officinalis and T. vul-
garis, and oil extract of Laurus nobilis and T. vulgaris where less effective
(total mortality during 144 and 168 h).

For the control of S. granarius in seed wheat, the most effective was an oil
extract of L. nobilis (3,7 ml/5 kg, with total mortality during 72 hours). Oil
extracts of other investigated plants (L. officinalis, T. vulgaris and R. offici-
nalis) were less effective (total mortality during 96 and 144 hours). The dusts
of these plants were the least effective for the control of S. granarius (total
mortality after 120 and 168 hours of exposure).
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2. Exposure to achieve 100% mortality of Sitophilus granarius (L.) — Laboratory test

All investigated preparations were tested for their effect on germination of
wheat seeds, but none had a negative influence on germination and rootlet
length.
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3. Exposure to achieve 100% mortality of Sitophilus granarius (L.) in milling wheat — Test in
store house
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4. Exposure to achieve 100% mortality of Sitophilus granarius (L.) in seed wheat — Test in
store house

These tests about the insecticidal properties of different preparations from
plants, which are native to southern Croatia, will be continued in the future
for final results and for the recommendation for the control of harmful in-
sects in stored agricultural products in practice.

Conclusion

Rosmarinus officinalis, Laurus nobilis, Thymus vulgaris, Origanum vul-
gare and Lavandula officinalis, in dried dust or oil extract form, had insec-
ticidal properties for the control of the most important stored product pests
— Sitophilus granarius and Acanthoscelides obtectus. The different efficacy
of plant origin substances against the same insect in milling wheat and seed
wheat is influenced by different capatibility for the absorption the vapor of
investigated substances.
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Utinek insekticidii rostlinného piivodu proti hmyzu
v uskladnénych produktech

Cilem téchto pokust bylo zkoumat u¢inek insekticidii riznych aromatickych
rostlin proti Sitophilus granius (L.) a Acanthoscelides obtectus Say. V laboratornich
podminkéch byl proti A. obtectus nejucinné&;si olejny extrakt z rostlin druhu Lavan-
dula officinalis. Méné u&inny byl suchy prasek z rostlin druhu Origanum vulgare,
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Laurus nobilis, Thymus vulgaris a Rosmarinus officinalis. K hubeni S. granarius byl
nejucinnéjsi prasek z L. nobilis. Pti skladovani merkantilu pSenice vykazoval nejlepsi
insekticidni u€inky prasek z rostlin druhu R. officinalis, u osiva pSenice olejny extrakt
z L. nobilis. Zadny z ptipravki rostlinného piivodu nemél negativni vliv na klicivost
obilek pSenice.

aromatické rostliny; insekticidni u¢innost; skladistni $kudci; merkantilni pSenice;

osivo pSenice; kli¢ivost
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CHARAKTERIZACE Fusarium spp. POMOCIi RAPD MARKERU*

Characterization of Fusarim spp. using RAPD Markers

Jaroslav SALAVA, Markéta HAJKOVA, Petra SOMMEROVA

Research Institute of Plant Production, Prague, Czech Republic

Abstract: Sixteen species of Fusarium sp. and an isolate of Pseudocercosporella
herpotrichoides and Gaeumannomyces graminis (Table I) from the Collection of
Fungi at RICP in Prague, were analyzed by random amplified polymorhic DNA
(RAPD) assay. Using 25 synthetic decamers, informative bands for all Fusarium
spp. including two isolates of F. culmorum and for the isolates of P. herpotri-
choides and G. graminis were obtained (Fig. 1). Two isolates of F. equiseti could
not be distinquished by their RAPD profiles. These results agreed with other re-
ports which showed many genetic differences in the genus Fusarium (Mo ller et
al., 1994; Yli-Mattila etal., 1996). DNA fingerprints generated in this study
will be applied in the fungal collection.

Fusarium spp.; diagnostics; DNA; PCR

Abstrakt: Dvacet pét nahodnych primerii o délce deset bazi bylo pouZito k di-
ferenciaci 16 druhtt z rodu Fusarium, dvou izolatd F. culmorum a F. equiseti
a jednoho izolatu Pseudocercosporella herpotrichoides a Gaeumannomyces
graminis. Ziskané RAPD markery umoZnily charakterizovat vsechny druhy
Fusarium sp., izolaty F. culmorum a izolaty P. herpotrichoides a G. graminis.
Izolaty F. equiseti se nepodafilo odlisit. Vyhodou této metody je jeji rychlost,
spolehlivost a to, Ze nevyZaduje klonovani a sekvenovani houbové DNA.
Vysledky jsou porovnany s literarnimi idaji a zminéno je takeé jejich vyuZiti.

Fusarium spp.; diagnostika; DNA; PCR

Houby rodu Fusarium patii po celém svété mezi dulezité patogeny rady
zemédélskych plodin. Jejich negativni puisobeni 1ze rozdélit do dvou skupin:
1. snizuji vynos péstovanych rostlin (Parry et al., 1995), 2. produkuji to-
* Financovéno z vyzkumného tikolu MZe CR RE 5535.
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xiny, které po konzumaci napadeného materidlu pusobi negativné na zdravi
Clovéka a hospodaiskych zvifat (Snijders, 1990; Wong etal., 1995).

Presna diferenciace raznych druhti rodu Fusarium je dilezita pfi vedeni
jejich sbirek a pfi studiu jejich Skodlivosti. Identifikace Fusarium spp. je
v soucasnosti provadéna piedevsim podle jejich morfologickych odli$nosti.

Metoda RAPDs (Random Amplified Polymorphic DNAs) byla vyvinuta
nezavisle dvéma laboratofemi (Welsh, McClelland, 1990; Williams
et al., 1990) a je zaloZena na hodnoceni genetické variability jednim nahod-
nym primerem. Znalost specifické sekvence neni nutnd a amplifikace geno-
mové DNA je zapocata v cilovych mistech, které se nachazeji v celém
genomu. Polymorfni fragmenty jsou vysledkem variability v po¢tu vhod-
nych mist pro navazani primeru.

Vyhodami DNA diagnostiky je obrovsky polymorfismus DNA. DNA
markery nejsou ovlivnény podminkami vnéj§iho prostiedi, pro analyzy je za-
potiebi pouze malé mnozstvi materidlu a v kratké dob€ je mozné zpracovat
velké mnozstvi vzorka.

Cilem této prace bylo ovéfit vhodnost pouZiti techniky RAPD u rodu
Fusarium a nalezeni RAPD markeru pro diferenciaci jednotlivych druhu
rodu Fusarium.

MATERIAL A METODY

Houbovy material

V8echny monosporové izolaty Fusarium spp. a izolaty Pseudocerco-
sporella herpotrichoides a Gaeumannomyces graminis (tab. I) pochazely ze
sbirky fytopatogennich hub oddéleni mykologie VURV Praha-Ruzyng. Tyto
izolaty byly ziskany na rostlindch pSenice v letech 1988 az 1995. Taxo-
nomické zafazeni jednotlivych druhii rodu Fusarium bylo provedeno srovna-
nim s materidly ziskanymi ze Sbirky mikroorganismu v Brné. Houby byly
pro izolaci DNA péstovany podle postupu, ktery publikovala Fassatiova
(1979).

Izolace houbové DNA

DNA byla izolovana metodou, kterou publikovaly Pazoutova aNova-
kova (1993). Houbové mycelium bylo rozetfeno v tekutém dusiku na jemny
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I. Seznam pouzitych izolath Fusarium spp. a dalSich patogent obilovin — List of isolates of
Fusarium spp. and other cereal pathogens investigated in the presented study

Oznaéeni’ Druh? Izolat®

>

F. culmorum (W.G.Sm.) Sacc. I
F. avenaceum (Fr.) Sacc.
F. equiseti (Corda) Sacc. I
F. oxysporum f. sp. pisi (Hall) Raillo
F. poae (Peck) Wollenw.

F. solani (Mart.)

F. culmorum (W.G.Sm.) Sacc. II

Q= m U 0w

=

F. redolens Wollenw.
F. equiseti (Corda) Sacc. 11
F. moniliforme Sheldon

F. heterosporum Nees

F. graminearum Schwabe

F. acuminatum (syn. F. aloes Kalchb. Cooke)

F. lateritium Nees

F. sambucinum Fuck.

F. fuscum (Bon.) Sacc. (syn. F. chlamydosporum var. fuscum)
F. tricinctum (Corda) Sacc.

Microdochium nivale (Sr.) Samuels et Hallett [F. nivale (Fr.) Ces.]

< XK E < C 83w rLoZ

>
>

Gaeumannomyces graminis (Sacc.) Arx et Olivier

AB Pseudocercosporella herpotrichoides (Fron) Deighton

lcode; Zspt:cies; 3isolate

prasek. DNA byla extrahovana 3,5 ml extrakéniho pufru (2% Triton X-100,
1% SDS, 0,25M NacCl, 0,1M Tris-HCI pH 7,8 a 0,1M EDTA pH 8.2). Po
15 minutach promichavani na tfepacce byl pfidan stejny objem smési fenolu
a chloroformu, obsah zkumavek byl protfepan a centrifugovan (3 000 rpm,
15 min). Vodna faze byla pfenesena do nové zkumavky, spojena s 0,7 ob-
jemu izopropanolu a vznikla srazenina byla centrifugovéana za stejnych pod-
minek jako v pfedchozim piipad€. Vznikly sediment byl rozpustén v 3 ml TE
pufru (pH 8,2) s 10 pl roztoku RNasy A (10 mg/ml) a zkumavky byly
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inkubovany 30 az 40 min v 37 °C. Nasledné byly vzorky dvakrat extra-
hovany 3 ml chloroformu a centrifugovany 15 min pfi 3 000 rpm. Super-
natant byl vysrazen 0,1 objemu 4M LiCl a dvéma objemy 96% etanolu.
Sediment byl osusen na vzduchu a rozpustén v TE pufru (pH 7,4). Obsah
DNA ve vzorcich byl stanoven spektrofotometricky.

Podminky amplifikace DNA

Amplifikacni reakce byly provadény v objemu 50 pl. Kazda reakce obsa-
hovala jednu jednotku 7ag DNA polymerasy (Promega), 50mM KCI, 10mM
Tris-HCI pH 9,0 pii 25 °C, 0,1% Triton X-100 (Promega 10x Thermophilic
Buffer Magnesium Free), 1,5mM MgCl, (Promega), 0,ImM kazdy dNTP
(Promega), 2 uM primer a pfiblizné¢ 50 ng houbové DNA.

K amplifikacim bylo pouZito celkem 25 nahodnych primeni o délce 10 nu-
kleotidii (Genosys Biotechnologies, Inc. a Operon Technologies, Inc.).

Ctyficet cyklia amplifikace bylo uskuteénéno v PCR termocykleru Techne
Progene. Kazdy cyklus sestdval z denaturace (20 s pii 94 °C), pfichyceni
primeru (1 min pii 36 °C) a prodluZovani primeru (1 min pfi 72 °C).
V zavére¢ném cyklu byl posledni krok prodlouZen na 9 min, aby byly dosyn-
tetizovany chybéjici iseky fragmenti. Ke zméné teplot mezi jednotlivymi
segmenty cykli s vyjimkou pfechodu pfichyceni primeru/prodluZovéni
primeru byla pouZita jeji nejvy$si mozna rychlost (60 °C za 1 min). Mezi
pfichycenim primeru a jeho prodluZzovanim se teplota ménila rychlosti 12 °C
za 1 min. Produkty reakci byly rozdé€leny v 1,5% agar6zovém gelu (Sigma)
pii 3,5 V/cm. Vizualizace PCR produkti byla provedena jejich fluorescenci
v UV svétle po obarveni etidium bromidem. V8echny amplifikace byly opa-
kovany jednou nebo dvakrat (v piipadech s rozdilnymi profily v pfedchozich
amplifikacich).

VYSLEDKY A DISKUSE

Vsech 25 pouzitych primeri poskytlo produkty amplifikace. V zavislosti
na kombinaci primer a izolat bylo ziskano 1 az 13 fragmentu o velikosti 0,2
az 3,5 kb.

Ziskané RAPD markery nam umoznily odlisit véech 16 druhii rodu Fusa-
rium. Jednotlivé Fusarium spp. bylo mozné odliSit se v§emi pouzitymi
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1. Analyza RAPD s primerem CS15 (5" AACACATGCC 3°). Draha M je Raoul Zebiik (Appli-
gene). Sipky na pravé strané obrizku oznaduji fragmenty 3609, 1050 a 375 parti bazi dlouhé.
Ostatni drahy jsou: 1 — Fusarium. culmorum, I; 2 — F. avenaceum; 3 — F. equiseti, I. 4 — F.
oxysporum f. sp. pisi; 5 — F. poae; 6 — F. solaniy; 7 — F. redolens; 8 — F. moniliforme; 9 — F.
heterosporum; 10 — F. graminearum; 11 — F. acuminatum; 12 — F. lateritium; 13 — F.
sambucinum; 14 — F. tricinctum; 15 — F. fuscum; 16 — F. nivale; 17 — Gaeumannomyces
graminis; 18 — Pseudocercosporella herpotrichoides — RAPD analysis with primer CS15
(5" AACACATGCC 3"). DNA fragments were fractionated on a 1.5% agarose gel and stained
with ethidium bromide. Lane M is the Raoul marker (Appligene). The white arrows on the side
mark fragments 3609, 1050 and 375 base pairs long. The other lanes are: 1 — Fusarium cul-
morum, I; 2 — F. avenaceum; 3 — F. equiseti, I; 4 — F. oxysporum f. sp. pisi; 5 — F. poae; 6 — F.
solani, 7 — F. redolens;, 8 — F. moniliforme; 9 — F. heterosporum; 10 — F. graminearum;
11 — F. acuminatum; 12 — F. lateritium; 13 — F. sambucinum; 14 — F. tricinctum; 15 — F. fuscum,
16 — F. nivale; 17 — Gaeumannomyces graminis; 18 — Pseudocercosporella herpotrichoides

primery. Jedinou vyjimku tvofily druhy F. culmorum a F. graminearum
s primerem CS15 (obr. 1). Schilling et al. (1996) vSak uvadéji, ze F. cul-
morum a F. graminearum jsou si velice blizce pfibuzné.

Dva izolaty F. culmorum se podafilo odliSit pouze jednim (OPA10)
z dvaceti péti pouZitych primeri, coZ bylo zpisobeno malym polymorfis-
mem na urovni DNA u tohoto druhu Mé1ler et al., 1994). To potvrdily
1 nasledné pokusy, ke kterym jsme pouzili 12 izolata F. culmorum (Salava,
nepublikovano).

Dva izolaty F. equiseti se nam nepodafilo odlisit ani jednim primerem.
Pfi¢iny toho lze hledat v nizkém poctu pouzitych primeni (Kresovich et
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al., 1992) a dale v tom, Ze u tohoto druhu nebyly po sbéru izolati provedeny
zadné testy pro jejich diferenciaci (Kratka, osobni sdéleni).

Izolaty Gaeumannomyces graminis a Pseudocercosporella herpotri-
choides nebyl problém odli$it mezi sebou a od vSech Fusarium spp. ani jed-
nim pouzitym primerem.

DNA izolovana z riznych kultur stejnych izolati F. culmorum, F. equiseti
a F. solani poskytovala stejné vysledky RAPD analyz.

Nejcéast€ji uvadény problém techniky RAPDs, kterou je $patna reprodu-
kovatelnost jejich bandu a profili (Devos, Gale, 1992), se v nasi praci
neprokazal. Pies 98 % ziskanych fragmentii DNA bylo reprodukovatelnych.
Rozdily v relativnim mnoZstvi nékterych fragmenti byly pravdépodobné
zpusobeny kompetici fragmentii o primery, protoZe kdyZ k tomuto jevu doslo
a néjaky band byl amplifikovan ve vét§im mnozstvi, jiné bandy mély
snizenou intenzitu. VSechny majoritni fragmenty DNA byly opakované am-
plifikovany.

Pii optimalizaci PCR protokolu jsme zjistili, Ze nejvétsi vliv na vysledky
méla koncentrace Mg?* iontii v reak&ni smési. Reprodukovatelné vysledky
jsme dostali pouze pfi 1,5 aZz 2,5mM koncentraci Mg?*. Ostatni faktory
ovliviiuyjici PCR (mnoZstvi primeru, dNTP, 7aq polymerasy a templatove
DNA, teplota pfichyceni primeru 38 °C a zafazeni jednoho cyklu s delsi de-
naturaci pfed ostatni cykly), které jsme ménili v rozmezi hodnot, které uvedl
Samec (1993), nemély Zadny vliv na ziskané vysledky nebo mély vliv
pouze na vytézZnost reakci .

Ziskané DNA markery budou vyuzivany pfi vedeni kolekce Fusarium spp.
ve VURV Praha-Ruzyné a pro identifikaci neznamych vzorki patogennich
hub.

Vzhledem k ziskanym vysledkiim lze fici, Ze metodu RAPDs miiZeme
doporudit k charakterizaci jednotlivych druhti Fusarium sp.
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NEMATODY CELADE LONGIDORIDAE VO VINOHRADOCH
NA SLOVENSKU — GEOGRAFICKE ROZSIRENIE*

Nematodes of the Family Longidoridae in the Vineyards of Slovakia
— Geographical Distribution

Marta LISKOVA

Institute of Parasitology, Slovak Academy of Sciences, Kosice, Slovak Republic

Abstract: A total of 13 species of nematodes of the family Longidoridae were
detected from 133 vineyard localities of Slovakia: Longidorus elongatus, L. eu-
onymus, L. juvenilis, L. picenus, L. raskii, Longidorus sp., Paralongidorus
maximus, Xiphinema diversicaudatum, X. italiae, X. pachtaicum, X. simile, X. tay-
lori and X. vuittenezi. From the nematodes — vectors of grapevine virus diseases the
species L. elongatus, P. maximus, X. diversicaudatum and X. italiae were observed.
The nematodes occurred in 74% of localities and in 60% of soil samples (266 soil
samples were investigated). This paper also presents the soil and climatic aspects
of the occurrence of individual nematode species according to the vineyard areas.

nematodes; Longidoridae; virus vectors; geographical distribution; grapevine;
Slovakia

Abstrakt: Na 133 lokalitach vinohradov na Slovensku bol zisteny vyskyt a geo-
grafické rozsirenie 13 druhov nematédov elade Longidoridae: Longidorus
elongatus, L. euonymus, L. juvenilis, L. picenus, L. raskii, Longidorus sp.,
Paralongidorus maximus, Xiphinema diversicaudatum, X. italiae, X. pach-
taicum, X. simile, X. taylori a X. vuittenezi. Celkove sa nematody vyskytovali na
74 % lokalita v 60 % podnych vzoriek (z 266 vySetrenych). Z nematédov — vek-
torov virusovych ochoreni vini¢a boli zistené L. elongatus, P. maximus, X. diver-
sicaudatum a X. italiae. V praci su zhodnotené podne a klimatické aspekty vyskytu
zistenych druhov nematodov podrla jednotlivych vinohradnickych oblasti.

nematody; Longidoridae; vektory virusov; rozsirenie; vini¢; Slovensko

Fytopatologicky dolezita zlozku mikroedafonu pody v ramci ekosystému
vinohradu tvoria ektoparazitické nematddy Cel'ade Longidoridae, zahfiiajuce
rody Longidorus, Paralongidorus a Xiphinema. Niektoré druhy tychto ne-

* Tato prica je sucastou grantového projektu &. 2/1365, podporovaného Slovenskou grantovou
agentirou VEGA.
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matodov st z medzindrodného hladiska zaradené medzi karanténne or-
ganizmy. Su to tie druhy nematdédov, ktoré okrem priameho poSkodzovania
korefiov prendSaji karanténne druhy virusovych ochoreni vini¢a. Z tohto
dovodu sa tymto nematédom v celosvetovom meradle venuje velkd pozor-
nost’ tak z hl'adiska ich geografického roz§irenia, ako aj biologie, Skodlivosti,
prenasania virusov, ochrany voc¢i nim a podobne. Doposial’ bol experimen-
talne dokdzany prenos virusovych ochoreni vini¢a u 9 druhov nematédov
Cel'ade Longidoridae z Eurdpy a stredozemskej oblasti (Brown et al., 1993;
Jones etal., 1994). Aj ked' sa nematddy Cel'ade Longidoridae vo vinohra-
doch Slovenska sporadicky §tudovali uz od 70. rokov (M ali,Vanek, 1971,
1972; Liskova, 1980; Liskova et al., 1992), az vysledky analyzy roz-
siahleho helmintologického materidlu v poslednych rokoch umoziiuju kom-
plexnej$ie zhodnotenie ich roz$irenia a dovol'uji spracovanie jednoduchého
prehl'adného identifikaéného kIi¢a na ich determinaciu.

V tejto prici je zhodnotené geografické rozSirenie jednotlivych druhov ne-
matodov Cel'ade Longidoridae podl'a jednotlivych vinohradnickych oblasti.

MATERIAL A METODY

V priebehu rokov 1991-1996 sme zo 133 lokalit v§etkych vinohradnickych
oblasti odobrali 266 priemernych vzoriek pody. Péda bola odoberana
z korenovej sféry vini€a spolu s korienkami, vZdy z viacerych krov, z nej bola
odobran priemern4 vzorka o hmotnosti minimalne 0,5 kg. Hibka odberu pody
bola 20—40 cm, za sucha aj okolo 60 cm. Nematody sme z pddy izolovali sitovou
premyvacou metddou, ktori publikovali Brown a Boag (1988), fixovali
sme ich v 4% formaline a identifikovali z trvalych glycerinovych preparatov.

VYSLEDKY

Geografické rozSirenie jednotlivych druhov nematddov je zachytené na
obr. 1 (rody Longidorus a Paralongidorus) a obr. 2 (rod Xiphinema), frekven-
cia a prevalencia jednotlivych druhov si vyhodnotené v tab. 1. Nematddy
Cel'ade Longidoridae (rody Longidorus, Paralongidorus a Xiphinema) sa vysky-
tovali na 99 lokalitach (frekvencia = 74 %) a v 160 vzorkach (prevalencia =
= 60 %). Identifikovanych bolo 13 druhov nematédov. Z rodu Longidorus
boli zistené druhy L. elongatus, L. euonymus, L. juvenilis, L. picenus,
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I. Frekvencia a prevalencia nematédov Sel'ade Longidoridae vo vinohradoch na Slovensku — The
frequency and prevalence of nematodes of the family Longidoridae from the vineyards of Slovakia

Lokality? Vzorky3
D“‘hyl pocet frekvencia® pocet prevalencia®
pozitivnych? [%] pozitivnych [%]
Longidorus spp.
L. elongatus 2 1;5 3 L1
L. euonymus 2 1,5 2 0,7
L. juvenilis 4 3,0 8 3,0
L. picenus 1 0,7 1 0,4
L. raskii 1 0,7 1 0,4
Longidorus sp. 1 0,7 1 0.4
Paralongidorus spp.
P. maximus 5 3,7 5 1,9
Xiphinema spp.
X. diversicaudatum 1 0,7 1 0,4
X. italiae 1 0,7 5 1,9
X. pachtaicum 4 3,0 6 2,2
X. simile 20 150 27 10,1
X. taylori 24 18,0 36 13,5
X. vuittenezi 73 54,9 120 45,1

Ispecies of nematodes; Zlocalities; soil samples; “number of positive localities; *frequency;
Sprevalence

L. raskii a L. sp. doteraz neidentifikovany, z rodu Paralongidorus to bol
P. maximus, z rodu Xiphinema su to X. diversicaudatum, X.italiae, X. pach-
taicum (povodne X. mediterraneum), X. simile, X. taylori (pdvodne X. brevi-
colle) a X. vuittenezi. Z tychto druhov vektormi virusov na vini€i su
L. elongatus (prenasa virus knizkovitosti maliny — Raspberry ringspot virus
a virus Ciernej krizkovitosti raj¢iaka — Tomato black ring virus), P. maximus
(virus knazkovitosti maliny), X. diversicaudatum (virus mozaiky ardbky — Ara-
bis mosaic virus) a X. italiae (roncet vini¢a — Grapevine fanleaf virus). Aj
druh X. vuittenezi je viacerymi autormi pokladany za vektor roncetu virusu
(Riidel, 1980; Brown, Taylor, 1987), avSak doteraz chyba exaktné
potvrdenie tohto prenosu.
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Vyskyt a rozSirenie jednotlivych druhov longidoridnych nematédov podla
vinohradnickych oblasti a niektorych ekologickych faktorov:

Druhy rodu Longidorus

L. elongatus (de Man, 1876) Thorne et Swanger, 1936 — vyskytuje sa
v Malokarpatskej oblasi (lokalita Myslenice) a v severnej Casti Hlohovecko-
Tmavskej oblasti (PieStany). Tento druh sa na Slovensku vyskytuje pre-
dov8etkym v pieso¢natych pddach na aluvidlnych naplaveninich alebo
viatych pieskoch a z jeho Castého vyskytu na ovocnych drevinach a plan-
tazach drobného ovocia na Zahori (Liskova,1995) je moZné predpokladat’
jeho roz8irenie aj vo vinohradoch Skalicko-Zahorskej oblasti.

L. euonymus Mali et Hooper, 1973 — bol zisteny na vychodnom okraji
Lucenecko-Rimavskej oblasti (lokalita Hostice) a v Skalicko-Zahorskej oblasti
(Sastin-Straze). Vyskytuje sa tak v hlinitych podach na vapenatych spraSovych
pokryvoch, ako aj v pieso€natych pddach na naviatych pieskoch. Jeho vyskyt
sa moze ocakavat’ aj v Kral'ovsko-Chlmeckej oblasti ¢i Podunajskej rovine,
kde sa Casto vyskytuje na ornej péde (LiSkova, Planderova, 1995).

L. juvenilis Dalmasso, 1969 — vyskytuje sa len v najteplejSej a najjuzZnejse;j
Casti Podunajskej roviny (lokality Moca a Zlatna na Ostrove), na pieso¢na-
tych podach aliivia Dunaja a na vychodnom Slovensku v Kral'ovsko-Chlmec-
kej oblasti (Maly Hore$§) v pddach na naviatych pieskoch.

L. picenus Roca, Lamberti et Agostinelli, 1984 a L. raskii Lamberti et
Agostinelli, 1993 — tieto dva druhy sme zistili spolo¢ne v zmie$anej populdcii
len na jedinej lokalite — Brekov (najsevernej$ia €ast Michalovsko-Sobra-
neckej oblasti), kde sa nematody vyskytovali v ilovito-hlinitych pddach na
vapencovom podklade.

Longidorus sp. — doposial’ neopisany druh sa vyskytuje vo vinohradoch
juzného okraja Slovenského krasu (Turniansko-Moldavska oblast’). Vyskyt
tohto druhu je viazany na pddy na vapencovom podklade.

Druhy rodu Paralongidorus

P. maximus (Biitschli, 1864) Siddiqi, 1964 — je rozSireny podobne ako
predosly druh predovsetkym v Turniansko-Moldavskej oblasti, ale aj vo vino-
hradoch v Hontianskych Tesaroch (Hontiansko-Levicka oblast), opit’ v8ak len
v pddach na vapencovom substrate. Okrem tychto oblasti sme ho v poslednom
obdobi identifikovali aj na viatych pieskoch Kral'ovsko-Chlmeckej oblasti.
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Pol'sko

Ceski republika

severnd zemepisnd Sirka
7

Ukrajina
Rakisko

Mad'arsko 50 km
* L. elongatus A L. euvonymus ® L juvenilis
® L. picenus O L. raskii B L. sp.

% P. maximus

1. Nematody &elade Longidoridae — rody Longidorus a Paralongidorus v rizosfére vini¢a na
Slovensku — Nematodes of the family Longidoredae — genus Longidorus a Paralongidorus in the
rhizosphere of grapevine in Slovakia

Druhy rodu Xiphinema

X. diversicaudatum (Micoletzky, 1927) Thorne, 1939 — tento druh bol
zisteny iba v Malokarpatskej oblasti (lokalita Myslenice), v I'ahkych hlinito-
pieso¢natych podach s primesou skeletu. Aj ked’ ide o ojedinely nalez tohto druhu
na vinici, jeho vyskyt je dolezity z hl'adiska prenosu virusu mozaiky arabky.

X. italiae Meyl, 1953 — vyskytuje sa spolo¢ne s druhom L. juvenilis
v najjuznejsej a najteplejSej oblasti Podunajskej roviny (lokalita Moca) v l'ah-
kych piesoCnatych pddach na pieso¢nato-Strkovitych terasach Dunaja.
Obidva spomenuté druhy st roz8irené v stredozemskej oblasti, a preto pred-
pokladame, Ze boli povodne zavletené na naSe uzemie z juznych oblasti
Eurdpy. X. italiae je vektorom roncetu vinica.

X. pachtaicum (Tulaganov, 1938) Kirjanova, 1951 — sa vyskytuje
v nivnych a luznych pddach vinohradnickych oblasti Podunajskej roviny (lokality
Moca, Kravany a Zlatna na Ostrove) a hnedozemiach na vapenatych sprasiach
(Ruban), niekedy v zmieSanych populdciach s morfologicky vel'mi pribuz-
nym druhom X. simile (napr. v Bajtave v Novozimocko-Stirovskej oblasti).

X. simile Lamberti, Choleva et Agostinelli, 1983 — vyskyt tohto druhu
nadvizuje geograficky severnejSie na vyskyt druhu X. pachtaicum. Bol zis-

155



Ochr. Rostl., 33, 1997 (2) : 151158

teny predovsetkym na podach na spraSovych pokryvoch, pripadne neogén-
nych sedimentoch (Nitriansko-Vrabel'skd a Lu¢enecko-Rimavska oblast), ale aj
na podach juzného okraja Sloveského krasu (Turniansko-Moldavska oblast)) ¢i
Vychodoslovenskej roviny (Kral'ovsko-Chlmecka oblast’ — lokalita Vinicky).

X. taylori Lamberti, Ciancio, Agostinelli et Coiro, 1991 — sa vyskytuje na
Zahori, potom od Malych Karpat smerom na vychod a juh (najmi Podunajska
oblast’) akoby vyskyt tohto druhu absentoval, avS§ak od Nitriansko-
Vrabel'skej a vychodu Novozimocko-Stirovskej oblasti sa vyskytuje vo
vSetkych vinohradnickych oblastiach Slovenska, kon¢iac na vychode Micha-
lovsko-Sobraneckou oblastou. Najcastejsi je vSak v podach na vapencoch
Slovenského krasu (Turniansko-Moldavska oblast), vapenatych spraSiach
a sprafovych hlinaich (Novozamocko-Stirovska, Nitriansko-Vribelska
a Michalovsko-Sobranecka oblast’).

X. vuittenezi Luc, Lima, Weischer et Flegg, 1964 — o tomto druhu podla
naSich skisenosti moZno povedat, Ze ,,v oblastiach kde koncia vinohrady,
tam konCi aj geografické rozSirenie X. vuittenezi na Slovensku®. Je to naj-
rozSirenej$i druh vyskytujici sa na viac ako 50 % lokalit a priblizne v 50 %
pddnych vzoriek. Zistili sme ho takmer na 75 % lokalit, ktoré boli pozitivne
na vyskyt longidoridnych nematdédov, a aj v tom istom percente pozitivnych
ského krasu a Sobranecko), je tento druh rozsireny vo vetkych vinohrad-
nickych oblastiach Slovenska.

Celkove sme zistili, Ze nematody rodov Longidorus a Paralongidorus, aj
ked po¢tom druhov priblizne rovnako zastupené ako rod Xiphinema,
(porovnaj obr. 1 a 2), sa vyskytovali skor len na jednotlivych lokalitach
a neboli ,,ploSne” rozsirené, ako je to u niektorych druhov rodu Xiphinema
(najmi najrozsirenejsie druhy X. simile, X. taylori a X. vuittenezi). Z hl'adiska
patogénneho vplyvu, predovsetkym prenosu virusov, délezitym zistenim je
Casty vyskyt dvoch az Styroch druhov nematédov celade Longidoridae.
Prikladom moéZe byt Malokarpatska oblast’ (Myslenice), kde sa vyskytuje
X. diversicaudatum— vektor virusu mozaiky arabky spolo¢ne s druhom
L. elongatus, ktory na vini¢i prenasa virus krizkovitosti maliny a virus
¢iernej krizkovitosti rajéiaka. Dalsim prikladom je spoloény vyskyt kom-
bindcie Styroch druhov L. juvenilis, X. italiae, X. pachtaicum a X. vuittenezi
na lokalite Moc€a (Podunajska oblast’), aj ked’ z tychto druhov je doteraz
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Cesk4 republika Pol'sko
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* X. diversicaudatum A X italiae @ X. pachtaicum
* X. simile O X. taylori @ X. vuittenezi

2. Nematddy ¢el'ade Longidoridae —rody Xiphinema v rizosfére vinia na Slovensku — Nematodes
of the family Longidoredae — genus Xiphinema in the rhizosphere of grapevine in Slovakia

potvrdenym vektorom len X. ifaliae (prenasa roncet vini¢a). Abundancia
Jjednotlivych druhov nematddov bola rézna (1-192 exemplarov na 500 g
pody) a kolisala podl'a jednotlivych lokalit aj v ramci jedného druhu. Z fy-
topatologického aspektu aj nizka abundancia mdze mat’ negativny dosah,
pretoZe uZ pritomnost’ jedného exempléra nematéda — vektora virusov v 100 cm?
pody vytvara predpoklady pre prenos virusu (Bird, 1989).

Vietky ziskané \idaje dopiiiajii a rozsiruju doterajsie poznatky o longi-
doridnych nematédoch vo vinohradoch na uzemi Slovenska. Z fytopa-
tologického hl'adiska pre vinohradnicku prax je délezity aktudlny prehl'ad
roz§irenia jednotlivych druhov (predovsetkym vektorov virusov) a ich
spétost’ s niektorymi klimatickymi a pddnymi faktormi, resp. konkrétnymi
oblastami ¢i lokalitami. Ziskané vysledky mozu byt zdkladom pre dalSie
sledovanie tak priameho patologického vplyvu, ako aj Studium prenosu
virusovych ochoreni vini¢a nematédmi. KedZe aj vo vinohradoch na Sloven-
sku sa nematdédy — vektory virusov vyskytuji, pre vinohradnicku prax
zostdva nadalej jedinym ekologicky prijatelnym opatrenim dodrZiavanie
karanténnych opatreni — predov$etkym vysadba zdravého bezvirusového
materidlu a spravna agrotechnika. Pri obnove vinohradov je potrebné od-
stranit’ vSetky zvyS$ky starych korefiov vini€a a dodrziavat’ 4-5ro¢ny ,,uhor"
s pestovanim strukovin, d’atelinovin, kukurice a d’al$ich plodin, ktoré nie st
vhodnymi hostitel'mi tejto skupiny nematodov.
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