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THE DIAGNOSIS OF Phytophthora sp. BY POLYCLONAL
ANTIBODIES — OBSERVATION OF ANTIBODIES SPECIFICITY

Jitina KRATKA, Blanka KYNEROVA, Svétlana SYKOROVA, Marta PODANA

Research Institute of Crop Production — Department of Mycology, Prague,
Czech Republic

Abstract: Specificity and sensitivity of polyclonal antibodies prepared after
immunization of rabbits with antigens (extracted from mycelial mats of Phy-
tophthora nicotianae var. nicotianae — PNN) were studied. Antisera and IgG
were suitable to detect other Phytophthora spp., i.e. P. cinnamomi, P. cactorum,
P. cryptogea, and P. fragariae; differences between the species were quantitati-
ve. The specificity of polyclonal antibodies was increased with saturation of IgG
with antigens. There was no increase of polyclonal antibodies specificity and
sensitivity after immunization of rabbits with purified PNN antigen or a fraction
of proteins. Nor was there a cross-reaction of anti-PNN IgG with antigens of
Fusarium oxysporum, Pythium oligandrum, P. ultimum, and Clavibacter michi-
ganensis subsp. michiganensis (tomato isolates). Reactions of antisera and IgG
with antigens were evaluated by agar double diffusion and ELISA.

polyclonal antibodies; specificity; Phytophthora nicotianae var. nicotianae,
P. cinnamomi;, P. cryptogea, P. cactorum;, P. fragariae; cross-reactions

The preparation of antibodies and their utilization for the diagnosis of phy-

topathogenic fungi have been studied intensively in the last decades. Some
difficulties in the serodiagnostics of microorganisms with a comphcated me-
tabolism can be reduced by:

specific purification of the extracted antigens;

preparation and utilization of highly specific polyclonal or monoclonal
antibodies;

use of sensitive immunochemical methods which have been still develo-
ped in reserarch laboratories of the world.

Immunochemical tests belong to the system of methods that detect phyto-

pathogenic fungi on the basis of explicit parameters. They are a fundamental
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premise for standard evaluation of the health state of plants and for the qua-
lity of agricultural products.

After having reported on the preparation and characteristics of antigens
(Kratka etal., 1995), the aim of the present publication was to evaluate the
utilization and specificity of polyclonal antibodies for the determination of
Phytophthora spp.

MATERIAL AND METHODS

Antigens were prepared from mycelial mats of Phytophthora spp. (nicotia-
nae var. nicotianae — PNN, cryptogea — PCR, cinnamomi — PCI, cactorum
— PCA, fragariae — PFR). Mycelium was grown on Hohl’s or Erwin-Katz-
nelsen’s liquid medium. Antigens for the experiments were used unpurified
and purified (Kratka et al., 1995). The specificity of antigens was increa-
sed by purification (Amouzou-Alladaye etal., 1988),.and separation of
proteins according to molecular weight (Laemmli, 1970). Permeatic gel
filtration on Sephadex G 100, and extraction of parts of gels in PBS after
electrophoresis of proteins (Sykorova, HadacCova, 1992; Kratka et
al., 1995) were used. The electro-elution was not used for protein extraction
after electrophoresis.

Intramuscular immunization of rabbits (race Cingila velkd) was applied
with unpurified and purified PNN antigen, PCR antigen or PCI antigen (two
rabbits for one antigen). Injection schedule: day 1 (with Freund’s complete
adjuvant), 14, 21, 28 (all with incomplete adjuvant), 35 (booster). Concentra-
tion of proteins per dose 5 mg/ml in all cases. Blood was sampled three
times, in weekly intervals.

Reproduction of the quality of antisera (anti-) was evaluated by comparing
the reactions of anti-PNN with serum from rabbits before immunization (i.e.
control), and a comparison of the reactions of polyclonal antibodies for each
rabbit separately. The specificity of anti-PNN was increased by immuni-
zing rabbits with purified antigen, saturating with purified PCR antigen,
and immunizing rabbits with protein fractions of purified PNN antigen:
Mr <45 kDa (F1), 45 kDa > Mr <67 kDa (F2), Mr > 67 kDa (F3). Electropho-
resis and permeatic gel filtration were used. IgG was prepared by permeatic
gel filtration on DEAE-cellulose. Reactions of PNN antigen, PCR antigen,
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PCT antigen and PCA antigen with antisera were evaluated by agar double
diffusion according to Ouchterlony (1968). Reactions of these antigens
with IgG were evaluated by agar double diffusion and by ELISA.

Cross-reactions of anti-PNN, anti-PCR and anti-PCJ were evaluated by
testing tomato isolates against antigens of Fusarium oxysporum (FO),
Pythium oligandrum (PO), Pythium ultimum (PU) and Clavibacter michiga-
nensis subsp. michiganensis (CMM). The protein content was determined
according to Lawry etal. (1951). Indirect ELISA was performed in polyvi-
nyl 96-microtitre plates (GAMA) and included the following steps:

1. coating of the antigen in a carbonate buffer pH 9,6 overnight at4 °Cor3 h
at 37 °C (100 pl per well);

2. three 5-min washings with washing buffer (PBS-Tween 20);

3. blocking with blocking buffer (0,2% bovine serum albumin (BSA) in was-
hing buffer) 30 min at 37 °C (200 pl per well);

4. three 5-min washings with washing buffer;

5. incubation with anti-PNN IgG (1 pg/ml) in blocking buffer for 3 hat 37 °C
(100 pl per well);

6. three 5-min washings with washing buffer;,

7. incubation with sheep anti-rabbit IgG coupled with alkaline phosphatase
250 mU (Boehringer Mannheim GmbH) in blocking buffer for 3 hat 37°C
(100 pl per well);

8. three 5-min washings with washing buffer;

9. incubation with p-nitrophenylphosphate (1 mg/ml) in dicthanolamine buf-
fer pH 9,8 for 1 h at room temperature (100 pl per well);

10.stop reactions by addition of 50 ul of 3M NaOH to each well.

The absorbance was measured with an automatic reader (Dynatech) at 405 nm.

RESULTS AND DISCUSSION
Identification of the genus Phytophthora

a. Agar double diffusion tests

The anti-PCR was the most specific test (immunization of rabbits with
unpurified antigen). Reaction with unpurified PCR antigen was best, whe-
reas reaction with unpurified PCI antigen was very low. Anti-PCR did not
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react with any other antigen (Table I). The specificity of anti-PNN was low.
It reacted with all prepared antigens of the genus Phytophthora (Table I). The
titre of antisera ranged from 1/4 to 1/16.

I. Reactions of antisera with antigens (agar double diffusion)

y Antiserum
Antigen
A0 Al A2 A3 A4

purified 0 XXX ' XX 0 XXX
PNN

inpurified 0 XXX XX 0 XXX

purified 0 XX XXX 0 XX
PCI

inpurified 0 XX XXX X XX

purified 0 X X 0 XX
PCA

inpurified 0 X X 0 XX

purified 0 X 0 XXX X
PCR

inpurified 0 0 0 XX X
PFR purified 0 X XX 0 XXX
FO unpurified 0 0 0 0 0
PU *inpurified 0 0 0 0 0
PO inpurified 0 0 0 0 0
CMM inpurified 0

. A0Q - serum from unimmunized rabbit

Al — antibodies against inpurified PNN antigen (anti-PNN)
A2 - antibodies against inpurified PCI antigen (anti-PCJ)
A3 - antibodies against inpurified PCR antigen (anti-PCR)
A4 - antibodies against purified PNN antigen (anti-PNN)
XXX — strong reaction

xx — middle reaction

x — weak reaction

0 — no reaction

Positive reactions of anti-PNN IgG with antigens of the genus Phytophtho-
ra were determined: IgG concentration 20 g/ml, and protein concentration in
antigens 3—4 g/ml. The concentrations of IgG and antigens in this test were
106 times higher than concentrations of these reagents in ELISA.
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b. Immunochemical tests

The two immunoenzymatic methods were used for the identification of
Phytophthora sp. in pure cultures. DAS-ELISA was less specific for de-
tection of the fungus. Reactions of IgG with purified antigens of the genus
Phytophthora were successfully tested by indirect ELISA (Fig. 1). Optimal

proteins [pg/mi]

1. Reactions of anti-PNN IgG with purified antigens of Phytophthora genus

concentrations were determined as follows: anti-PNN IgG 1 pg/ml, anti-
rabbit IgG coupled with alkaline phosphatase 250 mU, concentration of pro-
teins in antigens from 1 pg/ml. Anti-PNN IgG reacted with all antigens
prepared from Phytophthora sp. The differences were quantitative. The lo-
west positive absorbance was determined on the basis of both reactions — immu-
nized and unimmunized rabbits (Fig. 2).

Increase of antiserum specificity

The specificity of anti-PNN was increased after saturation with PCR anti-
gen, while sensitivity decreased (Fig. 3). Specificity of anti-PNN after immu-
nization of rabbits with purified PNN antigen was lower than after
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2. Reactions of anti-PNN IgG in comparison with reactions of IgG from unimmunized rabbit

immunization with unpurified PNN antigen. The best immunization of
rabbits was achieved with the fraction of proteins of a molecular weight
higher than 67 kDa (Fig. 4). The proteins separated by permeatic gel filtra-
tion on Sephadex G 100 were suitable for immunization of rabbits. Extracts
from gels after electrophoresis of proteins in immunization of rabbits were
not successful.

0.6 T OPNN antigen
B3 W PCR antigen
04+
g
b 0,3 +
0,2 1
01+ ‘ |
0
10 5 1 10 5 1
anti-PNN - saturated
t ml
G el anti-PNN

IeG

3. Comparison of reactions of saturated versus unsaturated anti-PNN IgG
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4. Reactions of purified PNN antigen with various IgG. F-protein fraction

Cross-reactions

There were no cross-reactions of anti-PNN IgG with antigens from fungi

and a bacterium isolated from tomato (PO antigen, PU antigen, FO antigen
and CMM antigen) (Fig. 5).
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5. Cross-reactions of anti-PNN IgG
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From the results we draw the following conclusions:
— Polyclonal antibodies were suitable for detection of the Phytophthora ge-
nus; differences between species were quantitative. Similar results were
achieved by other authors (Dewey etal.,, 1991).

— There was no increase of antiserum specificity and sensitivity after immu-
nization of rabbits with purified PNN antigen or a fraction of proteins.

— The specificity of anti-PNN was increased after saturation with antigens
from another species of the genus Phytophthora.

— There were no cross-reactions of anti-PNN IgG with antigens of Fusarium
oxysporum, Pythium oligandrum, P. ultimum and Clavibacter michigane-
nesis subsp. michiganenesis (tomato isolates).

The determination of negative control and limitation of positive reactions
will be demonstrated in a further publication (The diagnosis of Phytophthora
sp. by polyclonal antibodies — detection of pathogen in plants).
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Diagnostika Phytophthora sp. pomoci polyklonélnich protilitek
— sledovani specifi¢nosti protilatek

Byly ptipraveny polyklondlni protilatky pro diagnostiku Phytophthora sp.
a byla sledovana jejich specifi¢nost a citlivost. Laboratorni kralici byli imuni-
zovani antigeny, které byly extrahovany z Phytophthora nicotianae var. nico-
tianae (PNN). Ziskana antiséra a IgG byly vhodné k detekci hub rodu
Phytophthora (P. cinnamomi, P. cactorum, P. cryptogea, P. fragariae). Rozdily
mezi jednotlivymi druhy byly kvantitativni. Specifi¢nost polyklonélnich proti-
latek byla zvySena vysycenim antigeny. Imunizace kralikt ¢isténym PNN anti-
genem a proteinovymi frakcemi neovlivnila zvy3eni specifi¢nosti ani citlivosti
protilatek. Nebyly zjistény kiiZové reakce IgG s antigeny piipravenymi
z dalSich izolath rajcete — Fusarium oxysporum, Pythium oligandrum, Pythium
ultimum a Clavibacter michiganensis subsp. michiganensis. Reakce autlser
a IgG byly hodnoceny dvojitou radidlni difuzi v gelu a ELISA.

polyklondlni protilatky; specifi¢nost; Phytophthora nicotianae var. nicotianae;
P. cinnamomi;, P. cryptogea; P. cactorum; P. fragariae; kiiZové reakce
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VIRULENCE OF SLOVAK WHEAT LEAF RUST POPULATION
OF 1995 ON TWENTY NEAR-ISOGENIC LINES
WITH DIFFERENT Lr GENES

Pavel BARTOS, Josef HUSZAR?

Research Institute of Crop Production — Division of Genetics and Plant Breeding,
Prague, Czech Republic;
?Research Institute of Plant Production, Piestany, Slovak Republic

Abstract: The reactions to single pustule isolates of wheat leaf rust collected in
1995 at 16 localities in Slovakia were tested on near-isogenic lines of cv.
Thatcher possessing Lrl, Lr2a, Lr2b, Lr2c, Lr3, Lr3bg, Lr3ka, Lr9, Lr10, Lrll,
Lrl5, Lri6, Lrl7, Lrl9, Lr21, Lr23, Lr24, Lr26, Lr28 and Lr30. Resistance
genes Lr9, Lrl9, Lr24 and Lr28 were effective to all isolates. Ineffective to all
isolates were genes Lr2c, Lrll, Lrl6, Lr21 and Lr23. Genes Lrl and Lr2a
conferred resistance to the majority of isolates. On standard differentials 59 rust
samples were tested. Out of these, 86% were identified as race 61SaBa, and 10%
as race 12SaBa. Races 14 and 77 SaBa were represented each by one isolate. No
novel races were found. However, novel is virulence on cv. Soldur (7. durum)
found in two samples of races 61SaBa and 14. Seven of the advanced lines tested
in Slovak State Trials in 1995 are postulated to possess Lr3, one line Lr26 and
three lines have probably other genes for leaf rust resistance. Only one line,
RA-33, displayed medium resistance to all tested races. Out of the cultivars re-
gistered in 1995, Astella, Rada and Solida seem to possess L3, while Sana has
Lr26 and another unidentified gene.

wheat leaf rust; pathotypes; Lr near-isogenic lines; registered cultivars; Slovakia

Application of near-isogenic lines (NILs) possessing various Lr-genes is
becoming the most common procedure for analyses of wheat leaf rust popu-
lations. The advantage of NILs as differentials is their almost identical gene-
tic background and that the results obtained offer the possibility to select
directly genes prospective for resistance breeding.

Our paper describes reactions of wheat leaf rust isolates, collected in 1995
from various parts of Slovakia, on 20 NILs agreed upon for the differentia-
tion of pathotypes within the framework of COST 817 project “Population
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studies of airborne pathogens on cereals as a means of improving strategies
for disease control” in which Slovakia participates.

Results of 1995 race survey on standard differentials as well as reactions of
the winter wheat cultivars registered in Slovakia and of advanced lines to
important leaf rust races are also included. Data presented in this contribu-
tion can be useful for wheat breeding for leaf rust resistance, for re-
commendations of suitable cultivars for areas endangered by leaf rust, or for
predicting the necessity of chemical control.

MATERIALS AND METHODS

Twenty NILs of the cv. Thatcher possessing Lr genes listed in Table I were
used for testing single-pustule isolates of wheat leaf rust. Seed of the NILs
was obtained by courtesy of Dr. J. Kolmer, Agriculture and AgriFood Cana-
da, Cereal Research Centre, Winnipeg. Ficld samples of leaf rust originated
from varietal trials or from wheat fields. The susceptible cultivar Diana was
inoculated with each field sample, single pustule isolates were taken and
increased on the same cultivar. Some field samples, represented by one to
two infected leaves, were also tested on eight standard differentials and on
the cv. Salzmiinder Bartweizen. Virulence on this cultivar is designated by
the suffix SaBa. Temperature in the greenhouse varied between 15-25 °C.
Infection types were evaluated 14 days after the inoculation according to
Stakman et al. (1962). Race numbers were recorded according to
Johnston and Browder (1966).

Registered cultivars and advanced lines were tested at the seedling stage
under similar greenhouse conditions. Seed originated from the Central Insti-
tute for Agricultural Supervisions and Testing, Zeliezovce and Praha-Sedlec.

RESULTS AND DISCUSSION

Six pathotypes were differentiated on the 20 NILs (Table I). For all of them
avirulence on Lr9, Lrl19, Lr24 and Lr28 was characteristic. These genes are
derived from Triticum umbellulatum (Lr9), Thinopyrum ponticum (Lr19 and
Lr24), and Triticum speltoides (Lr28). In previous tests (Barto$ et al.,
1992) genes Lr9, Lr19, Lr24, Lr28 and also Lr29 (the last one was not tested
in the present tests) were effective to all leaf rust isolates. Virulences on Lr9,
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I. Reactions of wheat rust isolates on Lr near-isogenic lines

NILs Leaf rust pathotypes

A B C D E F
Lrl 3 5 0; : : 4
Lr2a : 3 1 31 3 3
Lr2b 31-2 ;1-2 2+ 4 1 4
Lr2c 3 3 4 4 3 4
Lr3 4 4 4 4 ;1 4
Lr3bg 4 4 4 4 ;1-2 4
Lr3ka 4 4 4 4 .1 4
Lr9 : 0; 0; 0; 0; 3
Lrl0 3 ;1 J1-2+ 3 4 4
Lrll - 3 4 4 3 4
Lrls 4 4 g i ; 4
Lrl6 4 4 4 4 4 4
Lrl7 -+ 4 3 4 ;1 4
Lri9 0; 0; ; ; P ;
Lr21 4 4 4 4 4 4
Lr23 4 4 4 4 4 4
Lr24 2 d 31 ;1-2 2 ;1
Lr26 4 4 4 4 : 4
Lr28 ; 0; ; ; ; ;
Lr3o 4 4 4 4 2 4

A - conformed to race 61SaBa; found at Belu3a, Trebifov, Vigrlas, Zeliezovce, Radosina, Velké
Ripiiany, Spadince, Michalovce, Vel'ky Meder, Piedt'any, Borovce, Rimavska Sobota, Maly
Sari§, Bahoil :

B — conformed to race 61SaBa; found at Haniska

C — conformed to race 61SaBa; found at SladkoviCovo
D - conformed to race 12SaBa; found at Bahon

E — conformed to race 14; found at Zeliezovce

F — conformed to race 77SaBa; found at Zeliezovce

Lr19, Lr24 and Lr28 seem to be rare in Europe. However, the effectiveness
of Lr9 broke down soon after introduction into commercial cultivars in the
USA (McIntosh et al.,, 1995). The same ’happened recently in the Volga
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region of Russia with Lr/9 (Krupnov, personal communication). As is
shown on Table I, genes Lr/ and Lr2a confer resistance to the large majority
of isolates. Only isolates belonging to race 77SaBa overcome both these
genes. On the other hand, all isolates were virulent on Lr16, Lr2] and Lr23.
Lr30 showed a resistant reaction only to race 14. The medium resistance
found of Lr/1 turned to susceptibility under a higher greenhouse temperatu-
re. Isolates belonging to the same standard race 61SaBa could be differentia-
ted further into three groups by the reactions on L»/0 and Lr15. A similar
differentiation can be expected of other races if they had been found in
higher numbers. In Germany, Krécher et al. (1992) determined 212 va-
rious combinations of virulences and avirulences in 408 single pustule isola-
teson 22 NILs. In 1995 Park (personal communication) determined only 53
pathotypes on 20 NILs from 850 isolates collected in seven European
countries.

Results of the 1995 race survey are summarized on Table II. Table III
shows the reactions of the determined races on standard differentials and on
the cv. Salzmiinder Bartweizen. Out of 59 tested samples 51 (= 86%) were
identified as race 61SaBa, 6 samples (= 10%) as race 12SaBa. Each of races
14 and 77SaBa were represented by one isolate. Out of the 51 samples deter-
mined as race 61SaBa 19 were leaf samples, out of the 6 samples determined
as race 12SaBa one was a leaf sample. All other determinations were based
on single pustule isolates .

II. Leaf rust races determined in 1995

Race Number of samples % Number of localities %
61SaBa 51 86 20 100
12SaBa 6 10 4 20
14 1 2 1 5
77SaBa 1 2 1 5

The high frequency of race 61SaBa corresponds with the high frequency of
the same race in the previous year (Barto§, Huszar, 1996). While race
12SaBa was not found in 1994, it occurred in the Czech Republic in 1995
(Bartos$ et al. 1996). Race 14 has been found in former Czechoslovakia
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II1. Reactions of determined races on standard differentials and cv. Salzmiinder Bartweizen

Standard differentials ke
61SaBa 12SaBa 14 77SaBa
Malakof Lr/ 0; : 0; 4
Carina Lr2b+B ;1 3- ;1 4
Brevit Lr2c¢+B 3- 3 3- 3
Webster Lr2a s 4 0; 4
Loros Lr2c 3- 3- 3- 4
Mediterranean Lr3a 4 3 0; 4
Hussar Lr/] 3 3 3- 3
Democrat Lr3a 4 3 0; 4
Salzmiinder Bartweizen Lr26 4 3 ; 4

since the sixties (Barto§ et. al., 1980). Similarities between the races found
in Slovakia and some other European countries were described in our earlier
paper (Barto§, Huszar, 1996). Races found in Slovakia are comparable
to some pathotypes found in 1995 by Park (personal communication). Park
found that the most frequent four combinations of virulence conformed to
races 14, 14SaBa, 61 and 61SaBa. An isolate conformed to race 77SaBa was
found by him only in Austria.

On Table IV the geographic origin of the leaf rust samples is listed. Data
marked with X were obtained from leaf samples, all other from single pustule
isolates. The most common race 61SaBa was found at all 40 locations where
samples were collected.

Whereas no novel combinations of virulences were detected on the
standard differentials, a novel virulence to cv. Soldur (7. durum) was found.
Such a virulence has never been revealed in the leaf rust samples we have
analyzed till now. It was determined in the samples from Sladkovi¢ovo and
Zeliezovcee, both collected from the cv. Soldur, in the races 61SaBa and 14,
respectively. The sample from Zeliezovce showed a slightly higher infection
type (IT3-4) than from Sladkovi¢ovo (IT 3-). Mutation for virulence to
Soldur in the race 61SaBa could have been expected as it is the most wi-
despread race, whereas virulence in the race 14 is surprising. However, when
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IV. Geographic origin of leaf rust samples

District Locality Cultivar Race
Bratislava " Bahoi Bruta 61SaBa
Solida 12SaBa
Barbara 12SaBa*®, 61SaBa*
Trnava Borovce Hana 61SaBa
Tritikale 61SaBa*, 12SaBa
Ilona 61SaBa
Trnava Piestany Bruta 61SaBa*
Vega 61SaBa, 61SaBa*
Topol'¢any Radosina Sparta x Fundulea 61SaBa
Galanta Sladkovi¢ovo Soldur 61SaBa, IIZSaBa
Barbara 61 SaBa, 61SaBa*
Tritikale 61SaBa*, 12SaBa
Povazska Bystrica Belusa - 61SaBa
Poprad Spisska Beld Hana 61SaBa, 61SaBa*
Livia 61SaBa, 61SaBa®
Bruta 61SaBa*
Levice Zeliezovce Hana 61SaBa
Soldur 14
Vlada 77SaBa
Zvolen Viglas Bruta 61SaBa
Hana 61SaBa
Simona 61SaBa
Viginta 61SaBa
Torysa 61SaBa®
Kosice Haniska Hana 61SaBa
Danubia 61SaBa*
Samanta 61SaBa*
Torysa 61SaBa, 61SaBa™
- 61SaBa
| Kogice Saca - 61SaBa®
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District Locality Cultivar Race

Presov Maly Saris Hana 61SaBa

Blava 61SaBa
Michalovce Michalovce Hana 61SaBa

Samanta 61SaBa
Rimavska Sobota Rimavské Sobota | Samanta 61SaBa
Spisska Nova Ves Spidské Vlachy | Samanta 61SaBa*

Torysa 61SaBa™
Trebisov Trebisov Livia 61SaBa

Hana 61SaBa
Dunajské Streda Vel'ky Meder Viginta 61SaBa

Sana 61SaBa

Hana 61SaBa*
Topol'€any Vel'ké Ripiiany Livia 61SaBa

Samanta 61SaBa*, 61SaBa, 12SaBa
Trnava Spatince Hana 61SaBa
Martin Bodorova Samanta 61SaBa, 61SaBa*

leaf sample analyzed

the virulent isolate of race 14 was increased on cv. Soldur, isolates virulent
on Lr3 and avirulent on Lr/] were detected, but unfortunately these were
lost for further studies that could have shown whether genetic unstability or
contamination was involved. By courtesy of Dr. Park reaction of Soldur was
tested to one isolate from France specialized to attack 7. durum but Soldur
proved resistant.

Advanced wheat lines from the state trials were tested with races 61SaBa,
14, 77SaBa and 14SaBa. The results summarized on Table V, show that none
of the advanced lines is resistant to the most common race 61SaBa; only line
RA-33 displays medium resistance or intermediate reaction to all four used
leaf rust isolates. Limited experimental data allow only preliminary conclu-
sions on resistance genes carried by advanced lines that are resistant to race
14 (line TR-1580) or both races 14 and 14SaBa (lines SO-1441, BR-458,
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V. Reactions of advanced lines of winter wheat from the Slovak State Varietal Trials (1995)

Reaction to race (isolate) Postulated
14 (333) 14SaBa(600) | 61SaBa(628) |77SaBa(1447) Lr genes

BR-456 0, 0; 4 4 L3
BR-442 0; 0 4 4 Lr3
S0O-841 0;(3)0 4 4 4 Lr3
SO 1441 0; 0:(3) 4 4 Lr3
TR-1583 0 | 4 3 Lr3
BU-34-10 0; 0 4 4 Lr3
BU-50 0 0; 4 4 Ly3
RA-39 0 1-2 4 4 Lr?
RA-33 31-2 2-3 2-3 2-3 Lr?
TR-1580 0 4 4 - 4 Lr26
SE-221/92 . 36) 4 4 4 ?
SO-1269 4 4 4 4 =
SO-514 4 4 4 4 s
BU-48/A 4 B 4 4 -
BU-51 4 3 4 4 =
BR-614/9 4 4 4 4 -
HE-5095 4 4 4 4 =

SO-841, BR-442, RA-39, TR-1583, BU-34-10 and BU-50). In TR-1580 the
presence of Lr26, and in most advanced lines resistant to races 14 and
14SaBa presence of Lr3 is probable. However the reaction of the advanced
line RA-39 is higher than usual when goverened by gene Lr3.

Results of the tests of registered cultivars (Table VI) confirm and extend
data published earlier (Barto§, Huszar, 1996). Of the cultivars registe-
red in 1995 Rada and Solida seem to possess Lr3, Sana Lr26 and an additio-
nal gene for resistance. Two undetermined genes govern the resistance of cv.
Vlada (Barto$ etal., 1993), and this cultivar remains the only one resistant
to the most widespread race 61SaBa. It is, however, susceptible to race 77

and 77SaBa.
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VI. Leaf rust reactions of winter wheat cultivars registered in Slovakia (1995)

Reaction to race (isolate)

Cultivar | Registered 14 14SaBa 61 61SaBa 77 T75aBa | 75aBa | pronaed
Lr genes
(333) (600) (1887) (628) (347) (1447) (4332)

Astella 1995 0 0 4 4 4 3 4 Lr3
Barbara 1993 0(3) 0(3) 4 4 4 4 4 Lr3
Blava 1992 0 0; 1 4 4 4 4 Lr?
Bruta 1994 3N 3 -4 4 4 4 4 =
Danubia 1984 4 0; 4 0; 4 4 Lr26
Hana 1985 0 4 4 4 4 4 Lr3
Ilona 1989 4 3 4 4 4 4 -
Iris 1983 0 4 0 4 0 4 4 Lr26
Kosutka 1981 ;143 1143 4 4 4 4 4 =
Livia 1991 0 3 0 4 0 3 4 Lr26
Rada 1995 0; 0; 4 4 4 4 4 Lr3
Rexia 1994 0 0; 4 4 4 4 4 Lr3
Samanta 1993 0 0 3 4 4 3 4 Lr3
Sana 1995 0; 2-3(; 0 4 0; 4 4 Lr26, Lr?
Simona 1991 4 4 4 4 3 3 4 =
Sofia 1990 0 0; 0; 4 0 4 4 Lr26, Lr3
Solida 1995 0; 0, 4 4 4 4 4 Lr3
Torysa 1992 :N : 0; 4 4 4 4 Lr?
Viginta 1984 0 0 4 4 4 4 4 Lr3
Vlada 1990 0 0 0 0 3 4 0 Lr?, Lr?
Zdar 1983 4 4 4 4 4 4 4 -
Soldur 1989 ;N ;1 ;1 ;1-2 A ;1 ;1 Lr?

192-1ST : (1) 9661 ‘€ “TISOY IO
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Only the cultivar Soldur (7. durum) displayed resistance to all old races of
our leaf rust collection. Unfortunately, breakdown of this resistance has been
proved by our recent tests. This shows again the vulnerability of specific re-
sistance, and the importance of gene combinations in breeding for resistance
so as to prolong its durability. Another promising approach is breeding for
partial field resistance.
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Virulence populace rzi pSeni¢né na Slovensku v roce 1995
na dvaceti témér izogennich liniich s ruznymi Lr geny

Reakce jednokupkovych izolatl rzi pSeniéné ze 16 lokalit Slovenska z roku 1995
se zjiStovala na témef izogennich liniich odriidy Thatcher s geny Lr1, Lr2a, Lr2b,
Lr2ec,Lr3,Lr3bg, Lr3ka,Lr9,Lr10,Lrll,Lrl5,Lrl16,Lrl17,Lrl19, Lr21, Lr23, Lr24,
Lr26, Lr28 a Lr30. Tento soubor linii byl doporu¢en v ramci mezinarodniho pro-
jektu COST 817 ,,Popula¢ni studie vzduchem pfenasenych patogeni obilnin jako
prostfedek pro zlepseni strategie ochrany proti nim“. Geny rezistence Lr9, Lr24
a Lr28 byly ucinné ke viem zkousenym izolatim rzi pSeni¢né. Ke viem zkousenym
izolatim neucinné byly geny Lr2e, Lrl1,Lr16,Lr21 a Lr23. Geny Lr1 a Lr2a posky-
tovaly ochranu k vétsing izolatu.

Na standardnich diferencia¢nich odriidach jsme testovali 59 vzorkil rzi pSeniéné.
Z bylo urceno 86 % jako rasa 61SaBa, 10 % jako rasa 12SaBa. Rasy 14 a 77SaBa
byly zastoupeny jen jednim izolatem. Nebyla zjisténa Zadna nova rasa, ale prvné
byla zjiténa virulence na odriidé Soldur (Triticum durum) v jednom izolatu rasy
61SaBa a jednom izolatu rasy 14.

Z linii zkousenych v roce 1995 v mezistaniénich zkouskach je mozné na zdkladé
reakci k souboru ras rzi pSeniéné piedpokladat u sedmi linii L73, u jedné linie Lr26
a tfi linie maji pravdépodobné jiné geny rezistence ke rzi pSeni¢né. Jen jedna linie
(RA-33) méla stiedni rezistenci ke vSem zkouSenym rasdm, kdeZto v Sesti liniich
nebyl Zadny gen rezistence. Z odriid povolenych v roce 1995 maji odriidy Astella,
Rada a Solida pravdépodobné gen rezistence Lr3, Sana gen Lr26 a pravdépodobng
dal3i neur¢eny gen.

rez pSeniénd; pathotypy; Lr geny; novoslechténi; povolené odriidy; Slovensko

Contact address:

Ing. Pavel Barto§, DrSc., Vyzkumny tstav rostlinné vyroby,
161 06 Praha 6-Ruzyng, Ceska republika,

tel.: +42 2 36 08 51, fax: +42 2 36 52 28
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NEW RECORD OF PLANT PARASITIC NEMATODE ASSOCIATED
WITH ACTINORIIIZAL Hippophae rhamnoides

Mohammad ATHAR

Land Resources Research Istitute, Pakistan Agricultural Research Council,
Institute Islamabad, Pakistan

Abstract: During a collection of nodulated plants from the northern areas of
Pakistan, Hippophae rhamnoides (Elacagnaceae) growing in forest plantations
in Punyal Valley near Gilgit (Pakistan) was found infested with root-knot nema-
tode Meloidogyne javanica. H. rhamnoides appears to be a new host record for
M. javanica.

Hippophae rhamnoides Linn.; root-knot nematodes; Pakistan

Nitrogen-fixing actinomycete, Frankia, forms symbiotic association with
a wide range of perennial non-legumes designated as actinorhizal plants.
Over 200 plant species belonging to eight angiosperm families are capable of
forming actinorhizal nodules (Berry, 1994). All actinorhizal plants except
Datisca are woody shrubs or trees and provide good quality timber and fuel
wood. Actinorhizal plants contribute substantially to nitrogen economy of
the soil with potential applications in agro-forestry, land reclamation and
management of sustainable ecosystems throughout the world (Schwint-
zer, Tjepkema,1990; Reddell etal., 1991). Other uses of actinorhizal
plants as sources of pulp, fodder, medicines, oils, fruits, tannins, and chemi-
cals have also been described (Dawson, 1986; Reddell etal. 1991).

During a collection of nodulated plants from the northern areas of Paki-
stan, Datisca cannabina (Datiscaceae) growing in forest plantation of Swat
was found infested with root-knot nematode AMeloidogvne javanica (Athar,
1996). Root-knot nematodes are considered to be one of the most important
pests limiting the agricultural and forest productivity throughout the world.
An extensive survey carried out in northern Pakistan revealed soil and plants
infested with many new and known plant parasitic nematodes (Maqbool,
1992; Maqbool, Shahina,1995). These nematodes un-doubtedly re-
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duce the growth and yield of fruits, vegetables and forest trees, affecting the
economy of the agro-forestry based rural population of the country.

Hippophae rhamnoides Linn. is an actinorhizal plant distributed in Europe
and Asia (Schwintzer, Tjepkema, 1990). It is an important forest tree
which produces edible and marketable berrics and can be found growing
even in poor soils and ecologically disturbed sites. Chaudhary et al.
(1981) described actinorhizal nodules in /. rhamnoides from northern areas
of Pakistan. This paper reports the nematode infestation in actinorhizal
H. rhamnoides from natural plantations of northern Pakistan.

MATERIALS AND METIIODS

The study was made on plants growing in Naltar Valley near Gilgit (36 °N,
74 °E; elevation 1920 m). The study area falls under temperate desert bush
type of bio-climate (Ahmed, 1986). The meteorological data of Gilgit
shows that September is the hottest month (36.4 °C mean maximum), while
January is the coldest month (-2.8 °C mean minimum). Rainfall ranges from
100 to 250 mm with most of the precipitation received during summer.
The area is generally arid and the only available moisture for plants or
agriculture comes from the springs and streams. The rugged mountain topog-
raphy has existed since the Tertiary period when the region was subjected to
prolonged orogeny (Shah, 1977). The soil in the study area is fine-textured,
basic in nature and in most cases not differentiated into horizons (Ahmed,
1986).

Twenty H. rhamnoides plants growing under natural habitat conditions
were examined for the presence of nodules and suspicion of nematodes.
Roots were excavated and traced from the stem basis of the mature trees to
possible extremity. Both nodules and root-knots were collected and cleared
of dirt by repeated washing under running tap water. Root-knots were distin-
guished from nodules as described by Truchet et al. (1989). Nematode ex-
traction and identification were done by the method described by Maqbool
(1992). Specimens were killed by gentle heat, were fixed in TAF, then trans-
ferred in glycerine solution containing traces of picric acid and allowed to
dehydrate and then mounted in glycerine on glass slides for observation.
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RESULTS AND DISCUSSION

Out of 20 H. rhamnoides plants examined, roots of nine plants had acti-
norhizal nodules, seven had root-knots and four had nodules distributed
among root-knots formed by nematodes. The nematodes from these root-
knots were identified as AMeloidogyne javanica (Treub, 1888) based on per-
ineal pattern of mature females in having low dorsal arch and distinct lateral
line. The actinorhizal H. rhamnoides plants form a new host record for M.
Javanica as determined by comparing with available check lists. (Munir et
al., 1986; Maqbool, 1992; Maqbool, Nasira,1995; Maqbool, Sha-
hina, 1995; Athar, 1996).

Many of the actinorhizal plants are of great ecological significance due to
their contribution in reforesting endangered sites, protecting crops, rehabili-
tating marginal or wastelands (Reddell et al., 1991; Brown, Lugo,
1994). The rates of nitrogen fixation measured in nodules of actinorhizal
genera are higher than or comparable to rates attained in legumes using simi-
lar assays (Schwintzer, Tjepkema, 1990). The isolation of nitrogen-
" fixing micro-symbiont is difficult to obtain from the actinorhizal plants, and
unlike rhizobia pure Frankia strains, are not always available as inoculum
for these plants. Morcover, foresters do not have the facilities to grow
Frankia or to buy inoculum. Under these circumstances plants can better be
inoculated with nodule homogenates or with soil from the vicinity of act-
inorhizal plants. This technique has been successfully used in Egypt dur-
ing large-scale plantation of desert soil with Casuarina spp. (E1-Lakany
et al., 1990). This low cost, traditional practice has the advantage of being
used without advanced microbiological expertise. However, this technique
should be used with caution because of the risk of the spread of soil-borne
pathogens like fungi, insects and / or nematodes along with nodules or soil
inoculum.
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Novy nilez had®itka parazitujiciho na rostlinach Hippophae rhamnoides

Béhem sbéru-hlizkovitych rostlin ze severnich oblasti Pakistanu jsme zjistili,
Ze Hippophae rhamnoides (Elacagnaceae) rostouci v lesnich vysadbach v udoli
feky Punyal u Gilgitu (Pakistan) je napadena kofenovym had'atkem Meloi-
dogyne javanica. Zda se, Ze se jedna o novy nalez vyskytu M. javanica na
H. rhamnoides.

Hippophae rhamnoides, kotenové hadatko, Pakistan

Contact address:

Mohammad A thar, Ph.D., Department of Environmental Horticulture,
University of California-Davis, Davis, CA 95616-8587, USA,
tel: (916) 752-0130, fax: (916) 752-1819, e-mail: matariq@ucdavis.edu
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AN ASSESSMENT OF TIME VARYING RATE OF INCREASE
OF THE GREEN PEACH APHID, Myzus persicae:
ITS IMPORTANCE IN IPM OF COMMERCIAL
GREENHOUSE PEPPERS

Vojtéch JAROSIK, Alois HONEK', Laurent LAPCHIN®, Jean-Michel RABASSE>

Charles University, Faculty of Sciences, Prague;
!Research Institute of Crop Production, Prague, Czech Republic;
ZINRA, Station de Zoologie des Invertébrés, Antibes, France

Abstract: The population growth rate of the green peach aphid, Myzus persicae
(Sulzer), was studied on potted pepper plants, Capsicum annuum L., in a
greenhouse at 26 + 4 °C, RH 65 +25% and natural light conditions. Aphids were
introduced (240-320 per cage) into eight cages containing eight plants each. The
rate of population increase (») was estimated for each cage from successive
census of aphid populations. During the initial 18 days of population growth, the
rates of increase in different cages varied widely. From day 19 on, the growth
rates became exponential in all cages as indicated by analysis of covariance, and
was approximately »=0.226 (SE = 0.012, 2 = 0.9) for all populations. The latter
period of uniform population development may provide a realistic assessment of
average r for M. persicae.

growth rate; intrinsic rate of increase; greenhouse peppers; Myzus persicae;
IPM

The green peach aphid, Myzus persicae (Sulzer) (Homoptera, Aphididae)
is of high economic importance with a wide geographic distribution and a
wide host range (Emden et al., 1969). World-wide there is reason for
concern because of high levels of resistance to organophosphorous
(Anthon, 1955), carbamate McClanahan, Founk, 1983) and pyre-
throid (French-Constant et al., 1987) insecticides. Among plant species
seriously attacked is pepper (Capsicum annuum L.) in commercial greenhou-
ses where M. persicae causes not only direct feeding damage but is also a
prominent vector of cucumber mosaic virus, potato virus ¥ and alfalfa mo-

saic virus (Somos, 1984).
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Studies of its population growth and development have been reviewed by
Culliney, Pimentel (1985) and Kocourek, Berankova (1989).
Traditionally, the intrinsic rate of increase, r,,, is estimated from deve-
lopmental rates, age-specific fecundity, and age-specific mortality under
constant conditions. The results are sensitive to variation in microclimatic
(Wyatt, Brown, 1977) and trophic conditions (Emden, Bashford,
1969; Wearing, 1972; Jansson, Smilowitz, 1985, 1986; Petitt et
al., 1994), but may also be affected by the mode of reproduction (e.g. parthe-
nogenetic), clonal polymorphism and telescoping of generations, which
change reproductive rate and age-specific mortality. As a result, rm estimates
based on life-table data may be of limited value for determining the rate of
population increase in the field (Dixon, 1987).

This paper presents an alternative direct method to calculate the population
rate of growth (r) using total aphid numbers present per plant over the sea-
son. The method enables the assessment of the “average™ development para-
meter for each plant throughout the greenhouse.

MATERIAL AND METHODS

The experiment was carried out in a 8 x 3 x 2 m greenhouse at LN.R.A.,
Antibes, France, under controlled temperature 26 + 4 °C, RH 65 + 25%, and
natural light. Eight 1.6 x 0.95 x 1.15 m cages covered by nylon gauze were
used, and each contained eight pepper plants (54.2 = 0.5 cm tall) (Capsicum
annuum L. cv. Sonar). Each plant was potted in standard peat substrate, wa-
tered daily and fertilized weekly with 150 ml of 18N-6P-26K. At the be-
ginning of the experiment, the plants were 84 days old, and fruit maturation
was beginning.

On May 3, the peppers were infested by clonal populations of Myzus persi-
cae, derived from a viviparous female originating from eggplants (Solanum
melongena L. cv. Bonica) reared at 22 +£2 °C and 16L : 8D photoperiod.
Each pepper was infested by placing on its top leaves two pieces of eggplant
leaves infested with 30-40 aphids. Counting of aphid numbers on individual
plants started May 13 and, with few exceptions, continued daily for 13 days.

The rate of population increase (¥) was calculated using equation
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— rt
where: N, — population size at time ¢
N, the population size at time zero

Aphid numbers on individual plants were transformed to natural loga-
rithms and the mean value In(x) for each cage plotted against time. The rates
of aphid population increase for each cage were estimated by analysis of co-
variance (ANCOVA) with In(x) as the response variable, sampling days (f) as
the covariate, and cages as a factor. The data were fit to the linear regression
model

In N, (i) =In Ny () +r (i) * t

where the cage is indicated by i (i = 1, ..., 8). The slope of the regression line
(r) estimates the population growth rate.

Differences in rates of increase in individual cages were examined using
Cook’s distances in the ANCOVA (Cook, Weisberg, 1982). The data
points with large values of Cook’s distance were sorted in descending order,
weighted out of the analysis one after another, and the ANCOVA repeated
until the regression slope (i.e. the rate of increase) was both linear and
consistent among cages. This was done to examine the rates of population
growth once the exponential phase had begun. Calculations were made using
general linear modelling in GLIM 4(TM) (Francis etal., 1994).

RESULTS

Aphid numbers per cage varied more in the early period (May 13, 17 and
19) than late (May 21-26). Plots of the data (In N, on /) indicate that the
initial rates of increase varied widely, but that the final rates were similar
(Fig. 1). The effects of early non-linear log population growth can be estima-
ted as Cook’s distances. This early variation contributed to non-linearity and
to statistically different rates of population increase among cages.

However, analyses of the data after May 21 indicate that the rates of popu-
lation increase did not differ among the cages. This period coincides with the
time of exponential population growth. The regressions of In aphid numbers
from all cages on time after May 21 were highly significant (p < 0.01), and
the common rate of increase was » = 0.226 (SE = 0.012, 2 =0.9).
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1. Log population growth of Myzus persicae on pepper plants over time expressed in natural
logarithms of average aphid numbers per plant per cage. Linear regression line indicated for the
period of exponential population growth

DISCUSSION

Our experiment provides a realistic estimate of the potential rate of popu-
lation growth of M. persicae in commercial glasshouse stands of pepper. The
value of r estimated in our study is within the range of r,, found by different
authors using similar life table conditions (Table I). As expected, the r,,’s
were generally larger than our estimate » = 0.226. Ve hrs et al. (1992) used
similar regression methods for M. persicae on chrysanthemum plants and
found r = 0.16.

Populations are known to achieve a constant intrinsic rate of increase rm
under conditions of an unlimited environment and a stable age distribution
(e.g. Mertz, 1970). The early stochasticity of population development in
our study was not due to space or resource limitations. Rather, it was likely
caused by differences in the age structure of small initial populations
transferred to each plant, by early stochastic mortality due to transfer from
eggplant to peppers, and possibly by changes in rearing temperature. Such
variable population growth rates are typical during the initial phase of deve-
lopment of aphid and other populations (Carter, Dixon, 1981).
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L. Previously reported estimates of intrinsic rate of increase (r,,) for Myzus persicae at 20-25 °C
and at L1618 : D6-8 photoperiod, compared with the assessment of rate of increase (r) in our
study (bold)

'm (dayl) Plant Reference
r=0.16 chrysanthemum plants Vehrs et al. (1992)
0.186-0.204 upper potato leaves Jansson, Smilowitz (1985)
r=0.226 . pepper plants this study
0.239-0.256 lower potato leaves Jansson Smilowitz (1985)
0.267 eggplant leaf discs Rabasse, Shalaby (1979)
0.277 cabbage DeLoach (1974)
0.313-0.356 peppers Petitt et al. (1994)
0.339 sugar beet Kocourek, Berdnkova (1989)
0.348 collard Culliney, Pimentel (1985)
0.408 chrysanthemum leaf discs Wyatt, Brown (1977)
1.8 brussells sprout leaf discs floated | E1 Din (1976)

in a nutrient culture solution

'natural light conditions in spring and in autumn

The growth of aphid populations in our experiment was characterized by
an early phase which differed greatly among cages, and an exponential
phase which had the same rate in all cages. A knowledge of the early
phase may be useful for determining when the exponential phase is likely
to begin, thus estimating the need and timing for pest control. Myzus persi-
cae is a highly mobile species (Kennedy et al., 1950; Rabasse,
Wyatt, 1985) and may spread rapidly throughout the greenhouse in the
early phase without being noticed. By the time the population reaches the
exponential phase it may be difficult to control and significant damage
may have occured. Hence, knowledge of the pattern of initial population
growth rate appears to be very important in estimating the potential for an
aphid outbreak.
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Odhad kolisajici rychlosti ristu mSice broskvonové (Myzus persicae):
vyznam pro integrovanou ochranu sklenikovych paprik

Rychlost popula¢niho riistu m3ice broskvoiiové, Myzus persicae (Sulzer),
byla studovéna ve skleniku na hrnkovanych rostlinach paprik (Capsicum
annuum L) pti 26 +4 °C, relativni vzdu$né vlhkosti 65 £25 % a za pfirozenych
svételnych podminek. MSice byly introdukovany (240-320 na jeden izolator)
do osmi izolatort, kazdy s osmi rostlinami. S&itanim populaci mSic byla odha-
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dovana rychlost populaéniho ristu (r) pro kazdy izolator. V prib&hu prvnich
osmnacti dni populaéni rist v jednotlivych izolatorech silné kolisal. Analyzou
kovariance bylo prokazano, Ze od devatenactého dne byl ve viech izolatorech
populaéni riist exponenciélni a pro viechny populace pfiblizn& rovny » = 0,226
(SE = 0,012, #* = 0,9). Toto druhé obdobi popula&niho vyvoje dovoluje rea-
listicky odhad priimérmé rychlosti M. persicae.

rychlost riistu; sklenikové papriky; m3ice broskvoilové; integrované ochrana

Contact address:

Doc. RNDr. Vojtéch Jaro§ik, CSc., Pfirodovédecka fakulta Univerzity Karlovy,
katedra zoologie, Vini¢na 7, 128 44 Praha 2, Ceska republika,
tel.: +42 2 21953417, fax: +42 2 299713, e-mail: jarosik@mbox.cesnet.cz
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EGG-LAYING OF THE EUROPEAN CORN BORER,
Ostrinia nubilalis Hbn.

Ludovit CAGAN., Jano TANCIK

University of Agriculture — Department of Plant Protection,
Nitra, Slovak Republic

Abstract: From 1989-1995 the incidence of European corn borer (ECB) eggs
was observed on maize plants near Nitra in southwestern Slovakia. At the be-
ginning of the egg-laying, the clusters were usually found on the 4th and 5th
lower leaves. During egg-laying maximum the clusters were mostly observed on
the 5th, 6th and 7th leaves. The eggs were found on the lower maize leaves in
1992, 1993 and 1994 when the first eggs were observed earlier in the season.
Height above soil level of the egg clusters was not influenced by average daily
temperatures. The correlation coefficient between the height of egg clusters and
amount of rainfall, which was moderately strong (r = 0.535, p = 0.21587), indi-
cates that in wet weather the ECB females lay their eggs higher on the plant.
Over seven years, the mean number of eggs in one cluster ranged from 15.03 to
18.24. The average number of eggs in one cluster during all years of observation
was 16.66. Analysis of variance did not show significant differences due to year.
The correlation coefficient between mean number of eggs in one cluster and
average daily temperature was » = —0.686 (p = 0.08894). A very strong correla-
tion was obtained between the amount of eggs observed on the maize plants and
the percentage of damaged plants in autumn (» = 0.894, p = 0.00662).

European com borer; Ostrinia nubilalis, maize; egg-laying

Females of the European corn borer (ECB) deposit their eggs in clusters.
Poos (1927) found that the average number of eggs in one cluster was 15.5
and 14.2 in two different years. Other authors observed this average to be
16.9 (Zwolfer, 1929), 15.8 (Stirret, 1938), 16.56 (Birova, 1962), 18
(Hudon, Leroux, 1986) and 19.3 (Lee, 1988).

Most of the egg masses are laid on the lower side of leaves (Windels,
Chiang, 1975; Hudon, Leroux, 1986; Lee, 1988). Eggs may be de-
posited on all leaves, but the insects usually prefer the middle zone of the
plant (Reh, 1985). Nearly 95% of egg masses were found on the lower 5th,
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6th and 7th leaves (Lee, 1988). Sorenson et al. (1993) reported that
approximately 85% of 2nd-generation egg masses were deposited in a five
leaf zone surrounding the primary ear; of these, 89% were found on the lower
four leaves in this zone.

At the beginning of the egg-laying period the average number of eggs per

cluster was higher than later. Night temperatures between 18.5-20.5 °C were
optimal for egg laying (Zw o 1fer, 1929). At high temperatures and low air
humidity the eggs were deposited more in the lower plant zone (Chiang,
Hodson, 1953; Ohnesorge, Reh, 1987). The more egg clusters were
found on maize plants, the more ECB larvae were usually found in the plants
in autumn (Langenbruch, 1987).
- The aim of this work was to determine how the year and date of observa-
tion can influence the number of eggs in one egg cluster or their distribution
on the maize plant in southwestern Slovakia. This study also attempted to
find a relationship between the number of eggs deposited on maize plants
and the number of plants damaged in autumn.

MATERIAL AND METHODS

In 1989-1995 the occurrence of ECB eggs on maize plants was observed
at Nitra-Janikovce, situated 5 km south of Nitra. The location was at an alti-
tude of 135 m.

Ten plants at each of ten randomly chosen places in the maize field (100
plants altogether) were selected and the ECB egg clusters were examined; for
each cluster the number of eggs was counted and its position on the plant
noted. Leaf rank was counted from the first normally developed leaf on the
lower part of the plant (from the first leaf which is also green during flowe-
ring).

Up to the date when the first egg clusters were found, the plants were
investigated at 5 day intervals, and later even more often. The observation
continued until 10 days after the last egg cluster was found.

Data obtained in experiments were subjected to an analysis of variance to
determine the differences among number of eggs in one egg cluster and
height of egg cluster in each year and date of observation. Correlation coeffi-
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cients between the average size of the egg cluster or height of the egg cluster
and average daily temperatures or rainfall were calculated. The correlation
coefficient between the number of eggs during the season and the final dama-
ge of the plants in autumn was also calculated.

RESULTS

Table I shows that at the beginning of egg-laying the clusters were usually
found on the 4th and 5th lower leaves. During the egg-laying maximum the
clusters were mostly observed on the 5th, 6th and 7th leaves. Thus, in the
beginning of the egg-laying period the eggs were laid on lower leaves than
later.

Analysis of variance for height of the eggs on the plants revealed signifi-
cant differences between the years (Table II). In 1994 the eggs were lower
than in the other years. Average height of the eggs was not correlated with
the average daily temperature (» = —0.068). The correlation between the egg
height and average daily rainfall during the egg-laying period had a medium
value (= 0.535, p =0.21587).

The mean number of eggs in one cluster for the seven years ranged from
15.03 to 18.24 (Table II). The greatest mean number of eggs in one cluster
was 18.24 in 1993, followed by 17.00 in 1992 and 16.68 in 1995. An analysis
of variance did not show significant differences due to year. In 1989, the
greatest mean number of eggs in one cluster was found on the date with the
highest number of eggs in the year. This was not observed in the next years,
and in 1991 the opposite tendency was found. Differences between the dates
of observation were insignificant.

The correlation coefficient between mean number of eggs in one cluster
and average daily precipitation during the egg-laying period was r = -0.281
(p = 0.54084). The correlation coefficient between mean number of eggs in
one cluster and average daily temperature was » =—0.686 (p = 0.08894).

Table II shows the percentage of plants damaged by the ECB during
autumn. The highest number of damaged plants was found in 1993, the
lowest in 1990 and 1994. A very strong correlation was obtained between
the amount of eggs observed on the maize plants during the season and the
percentage of damaged plants in autumn (» = 0.894, p = 0.00662).
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I. Egg-laying of the European com borer at the location Nitra during the years 1989-1995

Clusters Eggs Average number Average leaf
Year Date per 100 per 100 of eggs from lower part
plants plants in one cluster of the plant
29. 6. 2 26 13.00 £0.707 3.50+£0.707
4.17. 16 268 16.75 £ 5.791 5.82+1.393
1989 1.7 7 114 16.29 + 4.786 6.71 £0.488
11. 7. 1 14 14.00 £ 0.000 7.00 +0.000
14. 7. 1 15 15.00 £ 0.000 6.00 £ 0.000
18.7. 1 13 13.00 £ 0.000 7.00 +0.000
26. 6. 1 15 15.00 +0.000 7.00 £0.000
2.7. 4 56 14.00 £ 5.033 5.00+1.414
1990 5.7 4 53 13.25 +5.188 6.00 £ 1.155
9.7. 8 113 14.13 £5.718 6.25 £ 1.035
12.7. 5 102 . 20.40 £ 7.197 5.00 +1.000
17.17. 3 61 20.33 £ 12.014 8.00 +1.732
1.7, 2 26 13.00 + 4.240 4.00+1.414
3.7 2 38 19.00 +2.828 4.50 £0.707
1991 8.7. 4 50 12.50 £3.109 5.00 £0.816
11. 7. 24 338 14.08 £ 6.358 6.50 £2.105
15.7. 6 121 20.17 £7.859 7.67+1.211
227 2 32 16.00 + 1.414 8.00+1.414
21. 6. 1 15 15.00 £ 0.000 4.00 £ 0.000
23.6. 7 134 19.11 £ 10.971 5.22+0.972
25. 6. 6 86 14.33 +7.633 5.00 + 1.264
1992 28. 6. 3 38 12.67 £3.215 5.67+0.577
2.7 2 31 15.50 +3.535 6.00 £ 1.414
4.17. 3 66 22.00 +8.888 5.67£0.577
10. 7. 1 17 17.00 £ 0.000 6.00 1 0.000
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Table I to be continued

Clusters Eggs Average number Average leaf
Year Date per 100 per 100 of eggs from lower part
plants plants in one cluster of the plant
10. 6. 4 93 23.33 £8.505 4.00 £+ 1.000
13. 6. 7 117 16.67 + 4.509 4.67 £ 1.155
16. 6. 3 48 16.00 + 4.336 6.00 £ 2.000
1993 20. 6. 12 168 14.00 + 6.812 5.50 £ 1.378
23. 6. 18 396 22.00 £ 8.602 5.00 £ 0.816
29. 6. 15 324 21.63 +£7.726 488+ 1.126
3.7 12 192 16.00 +4.733 5.50 £ 1.049
1- 7. 14 161 11.50 £3.109 4.75 £ 1.500
12. 7. 11 192 17.45 £ 6.773 5.45+1.293
20. 6. 5 98 19.60 £ 3.503 2.40 +0.547
23. 6. 7 95 13.57 £ 5.563 3.71 £0.951
27. 6. 2 40 20.00 £ 0.000 3.50 £0.707
1994 L7 8 140 17.50 + 5.903 425+ 1.669
4.17. 5 65 13.00 + 4.472 440+ 1.516
7.17. 5 61 12.20 £ 4.266 3.60 +0.547
11. 7. 3 39 13.00 + 1.732 533+ 1.154
14. 7. 1 20 20.00 + 0.000 6.00 £+ 0.000
27. 6. 8 152 19.00 + 6.590 438+ 0916
29. 6. 6 82 13.67 £ 3.786 5.00 £ 1.000
3.7 15 252 16.80 + 5.931 5.26 +2.344
fan 77 16 260 16.25 £ 9,46 96.06 *+ 1.526
10..7. 5 69 13.80 +7.791 4.80 + 1.304
13.7. 3 67 22.33 +£9,292 5.00 + 1.732
17. 7. 6 102 17.00 £+ 5,215 5.33£0.816
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II. Egg-laying of the European corn borer at the location Nitra during 1989-1995. Means follo-
wed by the same letter in the same column are not significantly different at P > 0.05 (Tuckey’s
multiple range test)

Year 1 2 3 4 5 6 7

1989 28 450 16.07a 5.97cd 76 2.66 21.05
1990 25 400 16.00a 6.20cd 72 1.38 19.14
1991 40 601 15.03a 6.38d 73 1.39 22.04
1992 23 381 17.00a 5.39bcd 80 0.40 20.82
1993 84 1532 18.24a 5.012b 98 1.00 18.28
1994 36 558 15.50a 3.92a 72 0.66 21.77
1995 59 984 16.68a 5.29bc 92 0.34 21.84

1 = number of clusters and eggs on 100 plants during the season

2 = number of eggs and eggs on 100 plants during the season

3 = average number of eggs in one egg cluster

4 = average leaf from lower part of the plant

5 = percent of damagaged plants before harvest

6 = amount of rainfall per day during the period between the date three days before the first eggs
and the date of last eggs

7 = average daily temperature during the period between the date three days before the first eggs
and the date of last eggs

DISCUSSION

Huber et al. (1928) observed the highest amount of ECB egg clusters on
the 6th and 7th plant leaves. Lee (1988) in Alberta found the highest amount
of eggs on the 7th leaf when the maize plants were at the 12—14 leaf stage. In
the North Rhein lowland the highest amount of egg clusters was found on the
leaves of 3rd and 7th stem nodium (Ohnesorge, Reh, 1987), and it was
assumed that during hot and dry weather the lower parts of plants were used
for egg laying. Chiang and Hodson (1972) reported that at high air
temperatures and low relative humidity the ECB moths occur near the
ground and lay the eggs more on the lower parts of plants. The present study
indicates that egg-laying is influenced by plant maturity. Females rarely lay
their eggs on the youngest plant leaves. The eggs on the upper parts of plants
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are subjected to direct sunshine and stronger drying which can negatively
influence their development. The oldest maize plant leaves are usually not
fresh; they may also be contamined with aphid honey and bits of soil
splashed on the leaves during rainfall. Hence the most convenient leaves are
those in the middle of the plant. If during egg-laying the plants have fewer
leaves, the eggs are laid lower than if the plants are better developed. It is
likely that this caused the differences between the years. In 1992, 1993, and
1994 the eggs were found on lower leaves than in the other years. In these
years the first eggs were observed earlier in the season when the plants were
smaller than during egg-laying in the other years.

The height of the egg clusters was not influenced by average daily tempe-
ratures. The correlation coefficient between the height of egg clusters and
amount of rainfall, which was moderately strong, (» = 0.535, p = 0.21587)
indicates that in the case of wet weather the ECB females lay their eggs
higher on the plant.

The present study showed that the average number of eggs in one cluster
was 16.66. In Slovakia Birova (1962) found the average number of eggs in
one cluster to be 16.56, in Germany Zwdlfer (1929) 17, Eckstein
(1934) 14-16,Engel (1971) 20, and Reh and Ohnesorge (1987) 9-14.
The results of American authors (Poos, 1927 — 15.5 and 14.2; Stirret,
1938 — 15.8) indicate that the size of the egg cluster is nearly the same under
different climatic conditions. Significant differences were not observed in
the size of egg clusters between the years. Interestingly, the correlation
coefficient between the size of egg cluster and average daily temperature was
negative and moderately strong (» = —0.685 p = 0.08894). Even if not signi-
ficant, it suggests that increased temperatures probably negatively influence
the number of eggs in one egg cluster of the ECB in southwestern Slovakia.

This study shows that the number of damaged plants during autumn de-
pends on the number of eggs laid on the plants. The correlation is moderately
strong. A similar relationship was reported by other authors. Stengel
(1969) suggested that chemical control of the ECB has to be applied after the
number of plants with eggs is more than 6%. When eggs were found on 16%
of plants, the percentage of damaged plants during harvest was more than 90
(Anglade, 1975). As indicated by our previous study (Cagan, 1993), the
damage of the maize plants is influenced by the weather during development
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of young ECB larvae. This study emphasised that the damage depends on the
number of eggs, which probably can be affected by the size of pest popula-
tion.
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Kladenie vaji¢ok vija¢kou kukuri¢nou, Ostrinia nubilalis Hbn.

V praci sme sledovali umiestnenie zna$ok vijatky kukuri¢nej na rastlinach
kukurice a podet vaji¢ok v znagke na lokalite Nitra po¢as rokov 1989-1995. Na
za&iatku kladenia vajiok sa znasky nachadzali oby&ajne na Stvrtom aZ piatom
liste od spodu. V &ase vrcholu kladenia vaji¢ok sa znasky nachadzali oby&ajne
na piatom aZ siedmom liste. V rokoch, v ktorych zacalo kladenie vaji¢ok skér,
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boli vajicka umiestnené v priemere niZsie ako v rokoch, v ktorych sme prvé
znasky zistili v neskor$ich terminoch. Na vy$ku umiestnenia zna$ok nemali
vplyv priemerné denné teploty, ale korelany koeficient medzi vyskou
umiestnenia zna$ok a zraZkami, ktory bol stredne silny (»= 0,535, p =0,21587)
naznacuje, Ze v pripade vlhSicho pocasia s znasky umiestnené vyssie na rastli-
nach. Priemerna velkost’ znaSok pocas siedmich rokov dosiahla 15,03 az 18,24
vajicok v jednej znaske. Priememna velkost’ znasky bola 16,66 vajicok. Pomo-
cou analyzy rozptylu sme zistili, Ze rok nemal preukazny vplyv na velkost
znaSok. Korelaény koeficient medzi priemernou velkostou znaSok a prie-
mernou dennou teplotou dosiahol hodnotu » = -0,685 (p = 0,08894). Vel'mi
silny kladny vztah sme zistili medzi po¢tom vajiCok na rastlinach a percentom
napadnutia rastlin na konci roka (» = 0,894, p = 0,00662).

vijacka kukuri¢na; Ostrinia nubilalis, kukurica; kladenie vaji¢ok

Contact address:

Doc. Ing. Cudovit Cagan, CSc., Vysoka $kola poI'nohospodarska,
Katedra ochrany rastlin, A. Hlinku 2, 94976 Nitra, Slovenska republika,
tel.: +42 87 601, fax: +42 87 41 14 51, e-mail: kor@afnet.uniag.sk
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INFLUENCE OF A MIXTURE OF THE BENEFICIAL STRAIN
Pseudomonas fluorescens CHAO AND SOME STRAINS
OF ANTAGONISTIC FUNGI Trichoderma spp. IN A SUPPRESSION
OF Rhizoctonia solani DAMPING-OFF DISEASE OF CUCUMBERS
UNDER CONDITIONS OF NATURAL SOILS*

Jan VAVRAC, Alla MICHALIKOVA, Michal ONDRE.J!

University of Agriculture — Department of Plant Protection, Nitra, Slovakia;
!Research Institute of Technical Crops and Legumes, Sumperk, Czech Republic

Abstract: Impact studies on a mixture of the beneficial bacterium Pseudomonas
JSluorescens — strain CHAO and some strains of hyperparasitic fungi of Tricho-
derma spp. were carried out under glasshouse conditions in three separate expe-
riments. The trials were conducted in glasshouse cabinets at 75-80% RH, with
16/8 hr light/dark cycle, and temperature at 22/18 °C. We observed a considerable
high suppression of damping-off’ disease of cucumbers caused by Rhizoctonia
solani with a mixture of both microorganisms in treatments with the bioformula-
tion Trichonitrin. Some treatments were quite inconsistent in their suppressive
efficiency of damping-off disease of cucumbers withnn three experiments
conducted separately because of a complexity of interactions between plants and
all microorganisms involved. At some treatments with fungal antagonists alone
(without addition of Pseudomonas fluorescens CHAO) except for those mixtures
treated with bacteria and the bioformulation Trichonitrin, there was found higher
suppressive efficiency as compared to those treated with mixtures. In treatments
with the bioformulation Trichodex alone and/or with a mixture of bacteria, a de-
pression of root growth and/or toxicity on cucumber plants were observed.

suppressiveness; Rhizoctonia solani Kuhn; Trichoderma spp.; Pseudomonas fluo-
rescens CHAO

Soil-borne diseases cause major crop losses in agricultural and horticultu-
ral production worldwide. Biological control, or use of beneficial micro-
organisms to control harmful plant pathogens, offers a positive approach to
plant disease management. Biocontrol of root diseases involves introduction

* This work was supported by grant from the Swiss National Science Foundation
No. 7 SLPJO38395.
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of beneficial micro-organisms (bacteria and/or fungi) into the soil around
plant roots (Simon et al., 1990).

The use of seed treatment with biological agents for controlling soil-inha-
biting plant pathogenic fungi is of great importance. Particularly effective
biocontrol methods are attributed to fluorescent pseudomonads as antago-
nists of soil-borne plant pathogens which may act effectively in diseasc
suppression by different modes of action (Defago, Hass, 1990; Keel et
al., 1990).

Biocontrol of seedling diseases using nonpathogenic fungi and bacteria
has received increasing attention. Antagonistic microorganisms applied to
seeds prior to planting colonize the rhizosphere of seedlings and thus are
present at or near the pathogens’ infection court. There they act by producing
antifungal compounds, through hyperparasitism, or by competitively coloni-
zing spermosphere and rhizosphere substrates (Dandurand, Knudsen,
1993).

The task is to identify these microorganisms and use them in effective bio-
logical control systems (Simon et al., 1990). These prospects for biological
control agents led us to carry out some experiments conducted under
greenhouse conditions with potted cucumber plants in non-sterile natural
(raw) soil treated with the beneficial micro-organisms (strains of the hy-
perparasitic fungus 7richoderma spp. and the strain of beneficial rhizobacte-
rium Pseudomonas fluorescens CHAO).

MATERIALS AND METHODS

Bacteria and fungi used in the trials

In our trials we used the beneficial strain of rhizobacterium Pseudomonas
fluorescens CHAO isolated from the mountainous soils of Morens in
Switzerland; it has certain properties of suppressiveness to some soil-borne
pathogens. The strain has long been used as a bioprotective bacterial strain
and is deposited at the Department of Phytomedizin/Pathologie, ETH — Zu-
rich.

The other microorganisms tested were strains of the hyperparasitic fungus
Trichoderma spp. Three of them had been already formulated and therefore
are listed here as the commercial formulations and/or patented preparates. As
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inoculum for disease suppression trials we used an isolate of the fungus Rhi-
zoctonia solani Kuhn which is listed here as Rs 160. It originated in the labo-
ratories for phytopathology of CIBA GEIGY, Ltd. in Basel, Switzerland, and
is deposited in the collection of plant pathogens at the Department of Phyto-
medizin/Pathologie, ETH — Zurich.

Maintenance of the micro-organisms

The strains of 7richoderma spp. were maintained on PDA media (39 g of
Potato dextrose agar, dehydrated, Difco, in 1 000 ml sterile, bidistilled water)
at 24 °C in the dark. Monthly, fresh plates of PDA were reinoculated with
each strain of 7richoderma spp. The strain of P. fluorescens CHAO was re-
gularly (every three weeks) taken from the frozen strain’s deposits stored at
—-80 °C, streaked as a fresh culture onto King’s B medium, and then kept at
3 °C in the dark.

Plant material

We used cucumber seeds of the glasshouse variety Chinensische Schlange
(F, generation). Sceds were desinfected by shaking them in a 1% solution of
sodium hypochlorite for 30 minutes, and pre-germinated for 48 h on water °
agar (a medium with a minimal content of nutrients: 8.5 g bacteriological
agar, Difco, 1 000 ml bidistilled water).

Soils used in the experiments

Natural soils were taken from a locality at Eschikon (Canton Zurich). The
field site represents a typical Swiss midland soil, a clayey loam (gleyic
Cambisol). It is of alluvial origin, with a coarse gravel layer below 0.8 to
1.0 m, overlaid with clayey and loamy layers.

Preparation of inocula of the beneficial rhizobacterium
Pseudomonas fluorescens CHAO

A droplet of bacterial colony kept on King’s B medium at 3 °C was put into
a flask filled with 10 ml Luria Broth (LB) liquid medium. The bacteria were
cultivated over-night on a rotary shaker. A volume of 200 pl of the bacterial
suspension was taken and streaked onto a Petri dish with King’s B medium;
the plate was incubated for 24 h at 27 °C in the dark.
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The strains of antagonistic fungi (Trichoderma spp.) used in the experiments

Strain
(commercial formulation
or patented preparate)

Origin
(provenience)

Remarks

TRICHONITRIN
(the patented preparate)

SUPRESIVIT

(commercial formulation

— formulated by Fytovita, Ltd.,
Prague, Czech Rep.

TRICHODEX 25 WP
(commercial formulation

— formulated by Makhteshim
Chemical Works, Ltd.

Trichoderma harzianum
strain SO1

Trichoderma viride
strain V1

Dept. of Plant Protection,
Univ. of Agric. Nitra, Slovakia

Laboratory for Phytopathology
of the Res. Inst. of Technical
Crops and Legumes, Sumperk,
Czech Rep.

Dept. of Plant Pathology,
Agricult. Res. Organization,
The Volcani Center, Israel

Laboratory for Phytopathology
of the Res. Inst. of Technical
Crops and Legumes, Sumperk,
Czech Rep.

Laboratory for Phytopathology
of the Res. Inst. of Technical
Crops and Legumes, Sumperk,
Czech Rep.

based on strain B1
of T. harzianum

based on two strains
of T. harzianum

based on the strain
of T. harzianum
isolated from a
cucumber fruit

strain isolated from
the rhizosphere of
Faba vulgaris

strain isolated from
the rhizosphere of
Faba vulgaris

Preparation of the delivery medium of 7richoderma spp.

As delivery medium of 7richoderma spp. which was finally used for soil
treatments we took barley seeds: 100 ml (volume) of barley seeds were put
into a 500ml Erlenmeyer flask and autoclaved for 20 min at 121 °C; 50 ml
distilled water was added to the seeds and autoclaved again. The sterilised
seed was inoculated with three plugs (6 mm in diameter) of a culture of
Trichoderma spp. taken from the margins of fast growing colonies on PDA.
Then the seed was incubated for 18—-28 days at 24 °C in the dark until the
fungus covered the seeds with mycelium.

Preparation of the inocula of Rhizoctonia solani Kuhn

The inoculum of R. solani was prepared by taking three agar plugs (8 mm
in diameter) grown on plates with PDA (18-28 day old cultures) and putting
them into 300ml Erlenmeyer flasks which contained 25 g of millet seeds
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(previously autoclaved twice for 30 min. at 121 °C) and 15 ml of sterile bi-
distilled water. Then followed 14 to 21 days of incubation at 24 °C.

Preparation of the soils and inoculations of the soils (soil treatments) with
the beneficial bacterium Pseudomonas fluorescens CHAO and/or antago-
nistic (hyperparasitic) 7richoderma spp.

One treatment of each experiment was represented by 1 litre (1 000 ml vo-
lume) of soil. The fungal antagonists in form of Trichoderma spp. were
added to the soil in a ratio of 20 g of the fungal delivery medium per 1 liter
of soil and thoroughly mixed in to spread it evenly in the soil. This mixture
was evenly split into six small plastic pots (90 mm in diameter) in six repli-
cations per treatment. Each pot was filled with three successive layers of this
soi-mixture: about 2 cm onto which the inoculum of Rhizoctonia solani was
placed in form of three kerncls of inoculated millet; 5-6 cm onto which the
pregerminated cucumber seeds were placed (four seeds per pot); last, a cove-
ring layer of about 1-1.5 cm of soil. The relative air humidity in the
glasshouse cabinets in which the experiments were conducted was kept at
75—-80%; the temperature was set at 18 °C for an 8-h night and 22 °C for a
16-h day. To each treatment (six replications) was added a volume of 200 ml
distilled water at the beginning of the trial. Over the whole experimental
14 day period of a given trial the soil in the pots was kept sufficiently moist
by even watering (total volume of water added: 800 ml, incl. the initial dose).
After 14 days each plant (if not completely damaged due to R. solani damping-
off disease after emergence) was assessed at the hypocotyl for symptoms of
R. solani damping-off disease, and then fresh weights of roots, shoots and plants
were measured. Statistical evaluation was performed by Analysis of Variance
and the Tukey multiple range test at a 5% level of significance.

RESULTS

In the first trial, treatment with a mixture of the beneficial bacterium Pseu-
domonas fluorescens strain CHAO and the antagonistic saprophytic fungi
Trichoderma spp. (all tested strains) was definitely better in the suppression
of R. solani damping-off of cucumbers than treatments with either bacterium
or fungus alone. This is evident from the significantly higher fresh weight of
shoots, roots and plants over those of the control treatment with the pathogen
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I. Influence of the treatment with antagonistic microorganisms of the fresh weight of cucumbers
grown under conditions of natural soil in glasshouse (TukeyHSD interval)

Experic| ‘Treatisent Shoot weight [g] Root weight [g] Plant weight [g]
ment | designation average homogenous S homogenous averige homogenous
groups groups groups
1 3.155 abc 3.165 a 6.320 abc
2 2.276 a 1.743 a 4.019 a
3 2.656 a 1.881 a 4.537 ab
4 3.153 abc 2.033 a 5.186 abc
5 3.368 abc 2.698 a 6.066 abc
I 6 3.310 abc 2.547 a 5.857 abc
74 3.725 abc 3.076 a 6.801 abc
8 2.827 ab 2.149 a 4.975 abc
9 2.931 ab 2.660 a 5.590 abc
10 3.145 ab 2.346 a 5.491 abc
11 3.098 ab 2.390 a 5.489 abc
12 4.325 be 3.246 a 7.57 be
13 4.882 c 3.516 a 8.198 c
1 4.420 e 3.032 e 7.451 e
2 2.874 abcde 1.660 bed 4.533 bed
3 2.198 ab 1.300 abed 3.496 ab
4 2.513 abcd 1.242 abc 3.755 abc
5 2.875 abcde 1.987 bed 4.862 bed
II 6 3.993 de 2.304 de 6.296 de
7 2.746 abcd 1.730 bed 4.477 bed
8 3.827 cde 2.272 de 6.099 cde
9 2918 abcde 2.212 cde 5.130 bede
10 1.565 a 0.376 a 1.941 a
11 2.289 abc 1.101 ab 3.391 ab
12 3.165 bede 1.708 bed 4.872 bed
13 3.340 bede 2.155 cde 5.495 bed

a9
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Table I to be continued
o e—" Shoot weight [g] Root weight [g] Plant weight [g]
ment | designation average homogenous average homogenous average homogenous

groups groups groups

1 2.681 ab 2.647 d 5.328 c

2 2.683 ab 2.075 bed 4.758 abc

3 2.501 ab 1.789 abed - 4.290 abc

4 1.791 a 0.896 a 2.686 a

5 2.432 ab 1.504 abed 3.749 abc

III 6 2.161 ab 1.452 abc 3.613 abc

7 2.908 ab 2.346 cd 5.254 c

8 2.270 ab 1.470 abc 3.741 abe

9 1.899 a 1.144 ab 3.043 ab

10 2.584 ab 1.641 abcd 4.225 abc

11 2.151 ab 1.155 ab 3.306 abc

12 3228 | b 1910 | abed | 5139 | be

13 3.092 b 1.758 abed 4.8349 abc

Treatment designation

1 = soil (treatment with no microorganisms added)
2 = control treatment (pathogen Rhizoctonia solani added)
3 = Pseudomonas fluorescens CHAO plus Rhizoctonia solani

4 = Trichoderma viride plus Rhizoctonia solani
S = Trichoderma viride plus Rhizoctonia solani plus Pseudomona fluorescens CHAO

6 = Trichoderma harzianum plus Rhizoctonia solani
7 = Trichoderma harzianum plus Rhizoctonia solani plus Pseudomonas fluorescens CHAO
8 = Supresivit plus Rhizoctonia solani
9 = Supresivit plus Rhizoctonia solani plus Pseudomonas fluorescens CHAO

10 = Trichodex plus Rhizoctonia solani
11 = Trichodex plus Rhizoctonia solani plus Pseudomonas fluorescens CHAO

12 = Trichonitrin plus Rhizoctonia solani
13 = Trichonitrin plus Rhizoctonia solani plus Pseudomonas fluorescens CHAO
Values followef by the same letter are not significantly different at P 0.05
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Rhizoctonia solani (Table I). However, this difference in activity between the
mixture and single organisms was found only in the first trial.

In the second experiment, a considerable and high bioprotective effect
against R. solani by treatments with 7richoderma spp. alone was observed if
it was done with 7richoderma viride strain V1 and/or the preparate Supresi-
vit (Table I). In the second and third experiment we recorded a strong toxic
effect or at least plant growth retardation after treatment with the preparate
Trichodex alone and/or when treated with a mixture of Trichodex and P. fluo-
rescens CHAO, in comparison with the control treatment of R. solani
(Table I). This was reflected especially in the decreased fresh weight of
roots. Again in comparison with the control treatment with R. solani, P. fluo-
rescens CHAO plus the bioformulation Trichonitrin was the only mixture
that consistently gave a higher effectivity in suppression of damping-off in
all three experiments that were carried out at different times of the year
(Table I). The exception was the decreased fresh weight of roots in the third
trial; this was related to this mixture as shown in Table 1. Plant growth was
strongly stimulated by treatments with Trichoderma spp., except for
treatments with Trichodex (data not shown). )

DISCUSSION

The biocontrol potential of mycelial preparations of 7richoderma spp.
against a variety of plant diseases is well documented (Hadar et al., 1979;
Elad etal., 1980; Lewis,Papavizac, 1985). Under certain conditions,
application of an antagonist by a delivery medium can control plant patho-
gens more effectively than by a conidial suspension of the same antagonist
(Elad et al., 1980). Similarly, some strains of fluorescent pseudomonads
may be effective in disease suppression of an array of fungal pathogens
(Weller, Cook, 1983; Kwok etal, 1987, Dandurand,Knudsen,
1993). The mechanisms of disease suppression by fluorescent pseudomo-
nads may be mediated in part by production of antibiotics and/or sideropho-
res (Weller etal., 1988).

When testing the effectiveness of the mixtures of the beneficial bacterium
P. fluorescens CHAO with some strains of the hyperparasitic saprophytic
fungi Trichoderma spp. that are antagonistic to phytopathogenic fungi, we
observed in our experiments different interactions that appeared related to
the treatments (as shown in the tables).
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The effects of treatments with some mixtures of P. fluorescens CHAO with
certain strains of Trichoderma spp. were not significantly different from
treatment with the 7richoderma spp. alone. This agrees with the results of
other researchers that dealt with a similar topic, and also supports the idea
that the biocontrol mechanism of P. fluorescens CHAO neither inhibited nor
enhanced the biocontrol activity of Trichoderma spp. (Dandurand,
Knudsen, 1993). Under conditions of natural soils it had been observed
often that there was less disease suppression by a mixture of the antagonists,
suggesting a possible inhibition of Trichoderma spp. by indigenous soil
microbes. Similar effects could have been also caused by siderophores of the
pseudomonads which are antagonistic to soil fungi, particularly under condi-
tions of soil deprivation (Hubbard etal., 1983; Bin etal., 1991).

More consistent effects of disease suppression of a variety of plant patho-
gens were attained by treatments with fluorescent pseudomonads under
conditions of fumigated soils compared to natural (raw) soils (Weller,
Cook, 1983). This is also supported by investigations of Harman and co-
workers who found that a combination of two different fungal antagonists
may be less effective than treatment with one fungal antagonist alone
(Harman et al., 1980). Similar results concerning positive effects of the
bioformulation Trichonitrin applied on seeds of winter wheat with the aim to
decrease the damage of wheat seedlings by fusarial diseases have been re-
ported by Michalikova (1995). We have also found that one combination
of the mixture of the investigated antagonists (P. fluorescens CHAO x Tricho-
nitrin) was consistently more effective than the fungal isolate alone under condi-
tions of natural soils. Similar results were obtained by other researchers
(Kwok et al., 1987). This observation is challenging and could possibly
enhance the future search for potential biocontrol agent mixtures.

Treatments of natural soils with the fungal antagonists 7richoderma spp.
alone (data not shown) evidently stimulated the growth of cucumber plants.
This phenomenon has also been reported by other workers (Chet, 1987,
Baker, 1988; Coley-Smith et al.,, 1991; Latunde-Dada, 1993;
Ousley etal, 1994).

The results of this study suggest that some mixtures of bacterial and fungal
antagonists may have a potential for biocontrol in glasshouse environments
(e.g. the combination P. fluorescens CHAO x Trichonitrin). However, under
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(e.g. the combination P. fluorescens CHAO x Trichonitrin). However, under
certain conditions there can also occur a retardation of plant growth or even
phytotoxicity. This appears to be related to the disease suppression mediated
by an interaction of antagonists due to their different modes of action in the soil,
even though in vifro assays under laboratory conditions gave promising results
(data not shown). There is an enormous variability in the interactions of the
antagonists and plant pathogenic microbes in disease suppression tests in the soil
even under conditions of greenhouse experiments. This phenomenon has been
well documented by many authors that performed in vifro antagonism tests. This
may be true especially for interactions of Trichoderma spp. x Rhizoctonia so-
lani isolates in which a single isolate of Trichoderma spp. can be highly
effective against one isolate of the pathogenic species, but may have only
minimal effects on other isolates of the same species (Bell et al., 1982).
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Vplyv oSetrenia pody zmesami antagonistickych baktérii
Pseudomonas fluorescens — kmeii CHAO a hyperparazitickych hib
Trichoderma spp. na supresiu huby Rhizoctonia solani
v sklenikovych podmienkach v patosystéme s uhorkami

Stadium bioochrannych vlastnosti zmesi baktérii Pseudomonas fluorescens
CHAO a hyperparazitickych hib Trichoderma spp. sa uskuto¢nilo v skleniko-
vych podmienkach v ramci troch v nadvéznosti uskuto¢nenych experimentov.
Pokusy sa realizovali v skleniku pri relativnej vlhkosti vzduchu 75-80 %, pri
svetelnom reZime 16/8 hodin svetlo/tma, pri teplote 22/18 °C (deii/noc). V po-
kusoch sme zaznamenali pomerne vysokl uéinnost zmesi antagonistickych
mikroorganizmov, vysledkom ktorych bolo vyrazné zniZenie po$kodenia
rastlin hubou Rhizoctonia solani Kuhn predov3etkym pri variante oSetrenia
zmesou baktérii Pseudomonas fluorescens a biopreparatu Trichonitrin. Pri
niektorych variantoch oSetrenia antagonistickymi mikroorganizmami sme zisti-
li vysoku variabilitu bioochrannej u¢innosti zmesi v ramci troch nezavislych
experimentov vzhl'adom na zloZité interakcie v systéme patogén — antagonista
— rastlina. Pri niektorych variantoch s aplikdciou hyperparazitickych hub
z rodu Trichoderma bez aplikéacie baktérii Pseudomonas fluorescens CHAO sa
prejavil efekt zvySenej bioochrannej u¢innosti vo¢i napadnutiu uhoriek hubou
Rhizoctonia solani v porovnani s variantami oSetrenymi zmesou antago-
nistickych mikroorganizmov.Aplikacia biopreparatu Trichodex, ako aj zmes
baktérii Pseudomonas fluorescens CHAO a uvedeného biopreparatu, nevyka-
zovali bioochrannt u¢innost’, a naopak, sa prejavili silnou retardaciou a de-
presiou rastu korefiového systému, resp. aZ toxickym U¢inkom k rastlindm
uhoriek.

supresivita, Rhizoctonia solani Kuhn; Trichoderma spp.; Pseudomonas fluo-
rescens
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VLIV EXTRAKTU ZE Zingiber officinale Roscoe NA REPRODUKCI
VIRU MOZAIKY TABAKU V LISTECH A MEZOFYLOVYCH
PROTOPLASTECH Nicotiana tabacum L.

The Effect of Extracts from Zingiber officinale Roscoe
on Multiplication of Tobacco Mosaic Virus in Leaves and Mesophyll
Protoplasts of Nicotiana tabacum L.

Milada SINDELAROVA, Lenka NEZBEDOVA', Viadimir TABORSKY',
Lenka BURKETOVA, Ludék SINDELAR

Intitute of Experimental Botany Academy of Sciences of the Czech Republic, Prague;
ICzech Agricultural Univerzity, Prague, Czech Republic

Abstract: The effect of water and acetone extracts from ginger (Zingiber offici-
nale Roscoe) with respect to tobacco mosaic virus (TMV) multiplication in in
vitro infected mesophyll protoplasts of tobacco was investigated. Both extracts at
aresultant dilution 1 : 10 inactivated purified TMV and PVX to 67-87% of the
control, acetone extract still inactivated TMV and PVX at a dilution 1 : 50
(75-88% of untreated control). Acetone extract did not influence the number of
in vitro inoculated and noninoculated mesophyll protoplasts and its viability after
72 hour cultivation in any of the concentrations used. The TMV content was signi-
ficantly reduced in relation to extract concentration in inoculated protoplasts. The
extract at a resultant dilution 1 : 100 decreased TMV content in in vitro inoculated
protoplasts to 87.3%, at 1 : 30 to 80.8% and at 1 : 10 to 57.7% of the values of
TMV content determined in infected untreated protoplasts.

Zingiber officinale Roscoe; Nicotiana tabacum L., tobacco mosaic virus (TMV),
potato virus X (PVX), TMV and PVX content

Abstrakt: Byl studovan vliv vodnych a acetonovych extraktl ze zdzvoru (Zingi-
ber officinale Roscoe) na reprodukci viru mozaiky tabdku (TMV) v mezofylo-
vych protoplastech tabaku infikovanych in vitro. Oba extrakty ve vysledném
fedéni 1 : 10 inaktivovaly purifikaty TMV 1 PVX na 67-87 % kontroly, aceto-
novy extrakt jest¢ v fedéni 1 : 50 (75-88 % neoSetfené kontroly). Acetonovy
extrakt ze zazvoru po 72 hodin kultivace neovlivnil po¢et inokulovanych i nei-
nokulovanych mezofylovych protoplasti tabdku ani jejich viabilitu v Zadné
z pouzZitych koncentraci. Obsah TMV v protoplastech inokulovanych in vitro byl
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extraktem ze zazvoru statisticky vyznamné sniZen, pfi vysledném fedéni 1 : 100
na87,3%,1:30na80,8%al:10na57,7% hodnot obsahu TMV nalezeného
u infikovanych protoplastii extraktem neo3etfenych.

Zingiber officinale Roscoe; Nicotiana tabacum L., virus mozaiky tabiaku
(TMV); X virus bramboru (PVX); obsah TMV a PVX

V posledni dobé nabyvaji stile vétsiho vyznamu rostlinné latky, které pi-
sobi nejen jako pfirodni ochrana proti rostlinnym patogentim, ale jsou vyuzi-
vany i v humanni medicing pro své vyrazné antifungalni a antimikrobialni
vlastnosti. Mezi vyznamné rostliny, u kterych byly tyto latky objeveny a po-
psany (Sakamura et al., 1986), patii Zingiber officinale, tropicka rostlina
z Celedi rostlin zazvorovitych, rod Zingiber. Oddenky této rostliny obsahuji
zingiberen, zingeron, fellandren, kamfen, zingiberol a jeho estery, farnesen,
kurkumen, B-bis-abolen, 1,8-cineol, borneol, linalool, terpinen, terpineol, ne-
rol, geranylacetat, geraniol, geranial a geranyl. V kulturdch péstovanych in
vitro bylo moZné jejich obsah a vzajemny pomér regulovat podminkami kul-
tivace. Antifungdlni aktivitu zazvoru proti n€kterym chorobdm ryze studoval
Miah (1990), ktery nalezl az 50% inhibici narustu mycelia Gerlachia ory-
zae. -

Vliv té€chto inhibi¢nich litek nebyl dosud zkouman v souvislosti s rostlin-
nymi viry, a proto jsme se v této praci zaméfili na studium vlivu extrakta
z pokusné rostliny Zingiber officinale Roscoe na reprodukci viru mozaiky
tabdku (TMV) v mezofylovych protoplastech pfipravenych z tabdku.

MATERIAL A METODY

Experimentalni rostliny tabiku (Nicotiana tabacum L., cv. Samsun) a za-
zvoru (Zingiber officinale Roscoe) jsme péstovali v zeminé za konstantnich
podminek pfi osvétleni 60 pE.m™2.s! (12L:12D) a priim&mé teplot& 25 °C.
Rostliny zdzvoru jsme vypéstovali z vlastnich viruprostych explantati.

Mezofylové protoplasty tabdku jsme pfipravili podle metody, kterou jsme
popsali v pfedchozi praci (Sindelafova, Sindelaf, 1994), v niZ jsme
také popsali metody inokulace a inkubace protoplastii a imunoenzy matické-
ho stanoveni procenta jejich inokulace (v8echny procedury jsme provadéli za
sterilnich podminek). Kvalitu protoplastii jsme sledovali mikroskopicky, je-
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Jich poCet jsme stanovili v Biirkerové hemocytometru a pocet Zivych proto-
plastii barvenim methylenovou modii podle metody, kterou popsali Hoo-
ley aMcCarthy (1980). Hodinu inokulace jsme oznatili jako nultou.

Vodny extrakt z rostlin zizvoru jsme piipravili homogenizaci rostlinnych
pletiv v poméru 1 : 5 (hmotnost/objem) s vodou v homogenizitoru Virtis
a jeho filtraci. Acetonovy extrakt jsme pfipravili stejnym zptisobem, vysled-
ny filtrat jsme za vakua pfi 30 °C odpafili dosucha a rozpustili ve stejném
objemu etylalkoholu.

TMV a PVX jsme purifikovali podle metod, které popsali Gooding
aHebert (1967), resp. Bo x (osobni sdéleni). Obsah téchto viri jsme urili
pomoci kvantitativni metody DAS-ELISA (Clark, Adams, 1977). Obsa-
hy viri jsme stanovovali z kalibraénich kifivek vyuZivajicich purifikovanych
TMV a PVX podle pocitacového software, ktery popsal Mancal (1987).

Pti studiu vlivu extraktii ze zdzvoru na inaktivaci TMV a PVX jsme postu-
povali tak, Ze jsme k 1 ml pfislu§n¢ zfedéného extraktu pfidali suspenzi puri-
fikovaného TMV ¢i PVX a po 24 hodinach pusobeni jsme v suspenzi
stanovili obsahy viri kvantitativni metodou DAS-ELISA. Pii studiu vlivu
acetonového extraktu ze zazvoru na pocet Zivych mezofylovych protoplasti
tabaku a na obsah TMV po jejich inokulaci jsme testovany extrakt pfidavali
pfimo do inokula¢niho média a stanoveni jsme provadéli po 72 hodinich kul-
tivace.

Vysledky jsou uvedeny jako aritmetické priméry tii az sedmi stanoveni,
jejich statistické hodnoceni charakterizuje t-test. Hodnoty P jsou v tabulkach
charakterizovany témito symboly: * diference je statisticky vyznamna pfi
0,01 < P <0,05; *F pfi P < 0,01; *** pfi P < 0,001 (ddaje bez symbolu
nejsou statisticky vyznamné).

Enzymy potiebné k piipravé protoplasti (SERVA Heidelberg, SRN) jsme
stejné jako purifikit TMV a poly-L-ornithin o MW 118 000 za chladu steri-
lizovali filtraci pfes filtr s pory o velikosti 0,45 pm. Ostatni biochemikalie
Jsme ziskali od firmy SIGMA (St. Louis, USA).

VYSLEDKY A DISKUSE

Vodny i acetonovy extrakt ze zzvoru ve vysledném fedéni 1 : 10 statistic-
ky vyznamné inaktivoval TMV i PVX v purifikatech téchto viri (na 67-87 %
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kontroly), acetonovy extrakt je$t€ v fedéni 1 : 50 (75-88 % neosetiené kon-
troly) (tab. I).

I. Vliv vodného a acetonového extraktu ze Zingiber officinale Roscoe na inaktivaci TMV
a PVX — The effect of water and acetone extract from Zingiber officinale Roscoe on TMV and
PVX inactivation

Virus! Redéni Obsah viru® [ng/ml]
extraktu kontrola® vodny extrakt’ acetonovy extrakt®
_ 727,56 £ 21,58
(100 %)
T™MV 1:10 630,90 + 48,53 490,27 + 18,92%*
(86,7 %) (67,4 %)
1:50 656,10 + 49,03 545,20 £ 57,16**
' (90,2 %) (74,9 %)
_ 464,50 + 5,60
(100 %)
PVX 1:10 365,15 £ 9,70** 395,60 + 15,85%*
(78,6 %) (85,2 %)
1:50 389,40 * 40,94 409,70 £ 10,35**
' (83.8 %) (88,2 %)

lvirus; Zextract dilution; 3virus content; ‘control; Swater extract; ®acetone extract

Acetonovy extrakt ze zdzvoru, ktery vzhledem k polarnosti rozpoustédla
obsahuje vice uinnych latek neZ extrakt vodny, po 72 hodin kultivace ne-
ovlivnil pocet inokulovanych i neinokulovanych mezofylovych protoplasti
tabaku ani jejich viabilitu v Zddné z pouZitych koncentraci. Snizil v8ak statis-
ticky vyznamné v zavislosti na své koncentraci obsah TMV v protoplastech
inokulovanych in vifro timto virem (extrakt o vysledném fedéni 1 : 100 na
87,3%,1:30na80,8%al:10na57,7 % hodnot obsahu TMV nalezeného
u infikovanych protoplasti extraktem neo$etfenych — tab. II, obr. 1 a 2).
Pocet protoplasti infikovanych TMV pfitom pfesahoval 68 % (v priméru
77,8 £8,6 %).

Rostlinné u¢inné latky, které jsou souCasti vodnych a acetonovych extrak-
ti z rostliny Z. officinale Roscoe, maji nejen aktivitu antifungalni a antimik-
robialni Miah, 1990; Sakamura etal., 1986), ale podle nasich vysledki
i antivirovou. Acetonovy extrakt ze zazvoru je zfejmé schopen inhibovat bio-
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II. Vliv acetonového extraktu ze Zingiber officinale Roscoe na podet Zivych mezofylovych
protoplasti tabdku v 72. hodinu kultivace — The effect of acetone extract from Zingiber offici-
nale Roscoe on the number of living tobacco protoplasts at the 72nd hour of cultivation

Koncentrace extraktu’ Potet Zivych protoplastd v 10 ml média? [mil.]
[%] neinokulované protoplasty3 protoplasty inokulované ™V!
0 1,033 £ 0,012 1,440 + 0,029
1 0,996 + 0,029 1,513 £ 0,063
3 1,062 £+ 0,025 1,351 £ 0,046
10 1,040 £ 0,023 1,472 £ 0,061

lextract concentration; 2number of living protoplasts in 10 ml media [milions]; >noninoculated
protoplasts; “TMV inoculated protoplasts

syntézu TMV v mezofylovych protoplastech tabdku inokulovanych in vitro;
jeho aplikace do Zivného roztoku neovlivnila pocet a viabilitu kultivovanych
protoplasti, zato v3ak ve vysledné koncentraci 1 : 10 sniZila obsah TMV az
na cca 58 % hodnot nalezenych u neosetfenych infikovanych protoplastii
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1. Po&et (0®@) a viabilita (CJM) zdravych (000) a TMV infikovanych (@M) mezofylovych pro-
toplastd tabéku v kultivatnim médiu — The number (0®) and viability (CJM) of healthy ()}
and TMV infected (@M)tobacco mesophyll protoplasts in culture medium
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2. Reprodukeni kiivka TMV v in vitro inokulovanych mezofylovych protoplastech tabiku a ob-
sah TMV v protoplastech kultivovanych s acetonovym extraktem pfipravenym z kurkumy ve
vyslednych koncentracich 1 : 100 (A), 1 :30 (B) a 1 : 10 (C) (vliv extrakti byl statisticky vy-
znamny pro P < 0,01) — TMV multiplication curve in in vitro inoculated tobacco mesophyll
protoplasts and TMV content in protoplasts cultivated with acetone extract prepared from gin-
ger at final concentrations of 1 : 100 (A), 1 : 30 (B) and 1 : 10 (C). The effect of extracts was
statistically significant at the level P < 0.01.

kontrolnich. To by mohlo byt zpiisobeno pfimou inaktivaci syntetizovanych
virovych &astic, jak naznaluji nase vysledky spoCivajici na aplikaci vodnych
a acetonovych extrakti ze zdzvoru pfimo na purifikaty TMV a PVX.

Zavérem lze fici, Ze vodné a acetonové extrakty ze zdzvoru vykazuji anti-
virovou aktivitu, ktera se projevuje jak v inaktivaci samotnych virovych ¢as-
tic, tak i v inhibici jejich biosyntézy in vivo.

Literatura

CLARK, M. F. - ADAMS, A. N.: Characteristics of the microplate method of enzy-
me-linked immunosorbent assay for the detection of plant viruses. J. gen. Virol., 34,
1977: 473-483.

GOODING, G. V. - HEBERT, T. T.: A simple technique for purification of tobacco
mosaic virus in large quantities. Phytopathology, 57, 1967: 1285.

304



Ochr. Rostl., 32, 1996 (4) : 299-305

HOOLEY, R. - McCARTHY, D.: Extract from virus infected hypersensitive tobacco
leaves are detrimental to protoplast survival. Physiol. Plant Pathol., 16, 1980: 25-38.
MANCAL, P.: Metody enzymové imunoanalyzy. Praha, Ustav sér a ockovacich latek
1987.

MIAH, M. A. T.: Antifungal activity of some plant extracts. Bangladesh J. Bot., 19,
1990: 5-10.

SAKAMURA, F. - OGIHARA, K. - SUGA, T. - TANIGUCHI, K.- TANAKA, R.:
Volatile constituens of Zingiber officinale thizomes produced by in vitro shoot tip
culture. Phytochemistry, 25, 1986: 1333-1335.

SINDELAR, L. - SINDELAROVA, M.: Effect of 2,4-dichlorophenoxyacetic acid on
tobacco mosaic virus multiplication in tobacco protoplasts and leaf discs. J. Plant
Physiol., 144, 1994: 620-622.

SINDELAROVA, M. - LOJKOVA, M. - TABORSKY, V. - BURKETOVA, L. -
SINDELAR, L.: Vliv extraktii z Curcuma longa L. na reprodukci viru mozaiky taba-
ku v listech a mezofylovych protoplastech tabdku. Ochr. Rostl., 32, 1996: 49-55.
SINDELAROVA, M. - SINDELAR, L.: Subcellular localization of ribonucleases in
tobacco mesophyll protoplasts and its changes induced by infection of PVY. Biol.
Plant., 36, 1994: 461-467.

Doslo 23. 4. 1996

Kontaktni adresa:

RNDr. Milada Sindelafova, CSc., Ustav experimentalni botaniky AV CR,
Na Karlovce 1, 160 00 Praha 6, Cesk4 republika,
tel.: 02/24 31 01 08, fax: 02/24 31 01 13, E-mail: elsindel@site.cas.cz

305


mailto:elsindel@site.cas.cz

%W o

§ Ustav zemé&délskych a potraviniiskych informaci Praha
%

g

Studijni informace 1996

R e D TR T e S O D S e

rada Rostlinnd vyroba

Tyto publikace shrnuji nejnovéjsi poznatky a hlavni trendy

z oboru rostlinné vyroba.

Kohout V.: Kultumi rostliny jako plevel naslednych plodin
Jiratko J.: Ochrana proti chorobam a $kiidctim slunecnice
Baier J. akol.: Vyznam hoi¢iku pro vyZivu rostlin,
zvitat a Cloveka
Flohrova A.: Disledky nedostate¢ného hnojeni
Zeleny F.: Siraa jeji vyznam pro vyZivu rostlin
Kapitola P.: Hospodaieni na nevyuzivané zemédelské ptde
Prokinova E.: Biologicka ochrana proti houbovym
chorobam rostlin
Salek J.: Vliv zavlah odpadnimi vodami na Zivotni prostiedi

Uvedené publikace si miizete objednat na adrese:
Ustav zemé&déIskych a potravinaiskych informaci

Slezska 7
120 56 Praha 2

35 K¢
35 Ke

w W

th 'h
SRS S

Cx Cx Cr Cx

w W
Tt
7

35 K¢
40 K&




Ochr. Rostl., 32, 1996 (4) : 307-312

KRATKA SDELENI

INTERAKCE RZI TRAVNI (Puccinia graminis Pers. subsp. graminis)
A PSENICE OZIME VE SMESI ODRUD*

Lubomir VECHET

Research Institute of Crop Production, Prague, Czech Republic

V poslednich letech nedoslo v Ceské republice, podobné jako ve stfedoevrop-
skych zemich k silnému vyskytu rzi travni. Jak uvadéji Barto$§ et al. (1992), zda
se, Ze tato rez ekonomickym vyznamem nyni ustupuje aZ za rez pSeni¢nou a plevo-
vou, a to pfes svou vysokou potencialni skodlivost. Na této ptiznivé situaci se podle
téchto autortt nepochybné podili rezistence zna¢ného poctu péstovanych odrid
k pievladajicim rasam rzi travni. Wolfe (1985) uvadi, Ze pouzivani rozmanitych
smési bylo uvazovano jako moZna strategie pro omezeni $ifeni choroby u drobnych
zrnin, ne pouze pro ekonomicky prospéch redukujici zavaZnost choroby, ale také
pro ekologické ohledy podporujici stabilitu populace patogena.

Cilem naseho pokusu bylo zjistit vyskyt rzi travni na stfedn€ nachyIné a stfedné
rezistentni odriidg, pfi rizném zastoupeni obou odriid ve smési, dynamiku choroby
a jeji vliv na vynosové prvky.

MATERIAL A METODY

Maloparcelkové pokusy ve VURV Praha-Ruzyné (nadmoiska vyska 326 m, prii-
méma roéni teplota 7,7 °C, uhrnné srazky 450 mm) byly zaloZeny ve tfech opako-
vanich se stfedné nachylnou (N) odriidou Regina a stfedné rezistentni (R) odriidou
Sparta (pfedpokladany gen rezistence S»31) v téchto variantach:

1. R=100% 5. R:2N=33.3:66,7%
2. N=100% 6.3R: N=75 :25%
3. R: N=50 :50% 7. R:3N=25 :75%

4.2R: N=66,7:333%

Velikost parcely byla 1,1 x 1m. Na parcelu bylo vyseto 200 zm secim strojem
Seedmatic 6. Infekce vodni suspensi urediospor 1zi travni (rasa 11) do listové po-
chvy byla provedena 23. 5. 1995. Hodnoceni epidemie bylo provedeno ve tfech

* Tento vyzkum byl podporovén Grantovou agenturou CR.
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Sasovych intervalech. Infekéni typy byly hodnoceny ve stupnici 0-4 (Roelfs,
1984). Déle se hodnotil poget napadenych rostlin a zavaZznost choroby v procentech
pokryti listové plochy urediemi rzi (Peterson et al., 1948). Jako mira epidemie
byla vzata plocha pod kfivkou rozvoje choroby (Shaner, Finney, 1977).

AUDPC = (x, +x,) /2. (t - 1)

kde: x - procento napadeni ve dvou ¢asovych intervalech (1, 2)
t - &as

Utinnost smési (Lannou et al., 1994) byla vyjadiena jako relativni rozdil mezi
podilem napadené plochy, vyjadfené AUDPC na nachylném komponentu ve smési
a v istém stavu: effAUDPC = 1 - (AUDPC mixture / AUDPC pure stand). Mira
spolehlivosti pokusu byla hodnocena analyzou rozptylu.

VYSLEDKY

Za 29 dni od infekce rzi travni (prvni hodnoceni) méla nejvice napadenych rost-
lin (tab. I) varianta 2 (vice nez 60 %). Podstatné méné napadenych rostlin mély
ostatni varianty. Za 36 dni od infekce (druhé hodnoceni) vzrostl poCet napadenych
rostlin u varianty 2 na 94 %, u ostatnich variant na 67 % a méné&. Za 50 dni od

I. Prim&my podet rostlin napadenych rzi travni (AP) a infekéni typy (IT) pSenice ozimé (odri-
dy v &istém stavu a ve smé&si) — Average number of affected plants (AP) of winter wheat (varie-
tal in pure stand and in mixtures) by stem rust and infection types (IT)

—— o 21. 6. 28. 6. 12.7.
AP[%] | IT |AP[%]| IT |AP[%]| IT

1. 100 6,7 1,0 51,1 1,4 | 1000 2,3

2 100 63,4 1,2 91,1 1,9 100,0 3,2

3. 50:50 23,4 1,0 66,7 1,3 100,0 2.2

4, 66,7 : 33,3 20,0 1,0 57,8 1,3 100,0 2,7

5. 33,3 : 66,7 15,6 1,0 55,5 1,3 | 1000 2,5

6. 75 : 25 6,7 1,0 44,5 125 | 97,7 2,1

308



Ochr. Rostl., 32,1996 (4) : 307-312

II. ZavaZnost napadeni (DS) pSenice ozimé (odridy v &istém stavu a ve smési) rzi travni (%
pokryti listové plochy v primé&ru na jeden list), napadeni pfedposledniho listu (FL-1), napa-
deni praporcového listu (FL), plocha pod kfivkou rozvoje choroby (AUDPC), u&innost smé&-
si (effAUDPC), procento napadenych klast (E) — Disease severity (DS) of winter wheat
(variety in the pure stand and in mixtures) by stem rust (average percentage of leaf area
affected on one leaf), affection of the leaf under flag leaf (F1-1), affection of flag the leaf
(FL), aera under disease progress curve (AUDPC), mixture efficacy (effAUDPC), percentage of
diseased ears (E)

Varianta = FL FL-1 | AUDPC | effAUDPC E
21.6. | 28.6 | 12.7.
1. 0,03 | 0,7 14,0 8,0 20,0 105,89 - 62,2
2. 3,5 |10,0 66,0 52,0 80,0 630,00 - 86,7
3. 0,1 0,4 14,5 12,5 20,0 107,50 82,94 75,6
4, 0,1 0,6 22,3 18,5 26,0 164,20 73,94 80,0
5. 0,1 0,3 28,0 26,0 30,0 200,95 68,10 64,4
6. 0,1 0,2 15,3 11,0 14,0 111,00 82,38 62,2

infekce (tfeti hodnoceni) bylo napadeno jiz 100 % rostlin u viech variant krome
varianty 6, v niZ bylo napadeno téméft 98 %.

V3echny rostliny byly napadeny i u varianty 1, monokultury stfedn& rezistentni
odriidy. Rozdily ve vyvoji infek&nich typit byly podobné jako u pottu napadenych
rostlin. Pi poslednim hodnoceni mé&la nejvy3si infek&ni typ (stfedn& nachylny) va-
rianta 2., ostatni varianty infekéni typy stfedné rezistentni. ProtoZe varianta 7 méla
vyrazné nejniz$i hodnoty, byla z hodnoceni vyfazena. Choroba se vyvijela (tab. II)
nejrychleji u varianty 2, ktera pfi poslednim hodnoceni méla nejvy$si napadeni
(66 % v priméru na jeden list). U ostatnich variant byl vyvoj choroby pomale;jsi
a zdvaznost podstatng niz3i. Rozdily mezi variantami byly také v napadeni prapor-
cového listu. Ten byl smési odriid o mélo vice napaden u varianty 3 neZ u varianty
6, coZ je obracené poradi proti prim&rmému napadeni jednoho listu pfi poslednim
hodnoceni. Rozdily v napadeni predposledniho listu byly mensi.

Podobné relace jako primémé napadeni jednoho listu ukazuji i hodnoty AUDPC,
které byly nejvy3$si u varianty 2. O tfetinu niZsi byly u varianty 5 s nejvy$$im podi-
lem stfedn& nachylné odriidy ve smési. Druhou nejvy3$i hodnotu AUDPC ze smési
odriid mé&la varianta 4. Nejuginn&jsi v potlageni choroby byla smés odriid ve varian-
tach 3 a 6, nejméné u&inna ve varianté 5. Rez travni napadla u viech variant vice
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III. Podil vlivu zavaznosti (DS) rzi travni, vynosu zrna (GY) a hmotnosti 1000 zrn (WG) na
celkové variabilité pokusu (odridy v &istém stavu a ve smé&si) — Proportion of the influence of
disease severity (DS), grain yield (GY) and weight of 1000 grains (WG) on the whole variabili-
ty of the trial (variety in pure stand and varietal mixtures)

Varianta | DS [%] | DS[%] GY[g] GY[g] WGlg] WGlg]
1. + 14,00 = 1053,70 N 31,27
5, 64,67 = 453,60 - 26,93
3. + 14,23 " 957,30 " 31,80
4. + 22,83 » 578,90 - 29,00
5. + 27,17 - 716,03 - 29,80
6. B 17,30 o 1003,80 = 33,00

— nepriikazny — insignificant; + pritkkazny— significant (P 0.05); ++ vysoce prukazny— highly
significant (P 0.01)

Podil vlivu variant (tab. IIT) na variabilité¢ pokusu byl vysoce priikkazny, podil
vlivu opakovani, vynosu zma a hmotnosti 1000 zrn nepritkazny.

DISKUSE

Napadeni p$enice ozimé rzi travni bylo mnohem zavazné;si neZ v podobném po-
kusu se rzi pSeni¢nou. Ve smésich odrid stfedné nachylné a stiedné rezistentni na-
rustal po¢et napadenych rostlin pomaleji oproti odriidé stfedné nachyIné od prvniho
do posledniho hodnoceni, kdy jiZz byly napadeny vSechny rostliny. Nejpomaleji se
choroba §ifila ve smési se 75% podilem stfedné rezistentni odridy. Zde se, jak uva-
di Wolfe (1985), uplatnily dva mechanismy — sniZeni prostorové hustoty nachyl-
nych rostlin a bariérovy efekt poskytovany rezistentnimi rostlinami. Infekéni typ
u smési odriid byl vysledkem pomé&ru zastoupeni nachyIné a rezistentni odridy. Za-
vaznost napadeni rzi travni byla ve smésich odriid proti stfedné nachyIné odriidé 0i€in-
né potlacena, nejvyraznéji u smési s 50 a 75% zastoupenim rezistentni odridy.

Rozdily ve vyskytu choroby mezi monokulturou stfedné nachylné odridy
a smésmi odriid byly také u praporcového a predposledniho listu. Epidemie podle
AUDPC byla ve smésich odriid podstatné niZ$i neZ u monokultury stfedné nachylné
odriidy. Uroveii epidemie u smési s 50 a 75% podilem rezistentni odriidy se bliZila
epidemii u stfedné rezistentni odriidy. Uginnost vSech smési odriid byla vysoka.
Nejvice napadenych klasii méla monokultura stfedn& nachylné odriidy. Ve smési
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odriid bylo napadeno méné klasti. Smés se 75% zastoupenim stfedné rezistentni od-
ridy mé&la napaden stejny pocet klasii jako monokultura sttedné rezistentni odridy,
coZ sveédc¢i o jeji vysoké ucinnosti.

Ukézalo se, Ze 1 pouZiti stfedn& rezistentni a stfedné nachylné odriidy k urdité
rase patogena je v potlaeni rzi travni uginné.
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Interaction of Stem Rust (Puccinia graminis Pers. subsp. graminis)
and Winter Wheat in Varietal Mixtures

The development of stem rust (the race 11) on two components varietal mixtures
(the middle Resistant Sparta and the middle Susceptible Regina) was evaluated on
small plot trials. There were following variants: 1. R (middle resistant) = 100%,
2. N (middle susceptible) = 100%, 3. R : S = 50 :50%, 4. 2R : 8 = 66.7 : 33.3%,
5.R:28=333:66.7%, 6. 3R : S=75:25%, 7. R : 38 = 25 : 75%. Infection of
plants were made in May 23. From epidemiological parameters were evaluated a
number of affected plants, infection type, disease severity and AUDPC. The mixtu-
res of varieties mainly one with 75% proportion of middle resistant variety provi-
ded significant reducing of the disease. The level of epidemic in mixtures of
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varieties with 75 and 50% proportion of the middle resistant variety approached the
level of the varietal with middle resistant variety. The mixture of variety with 75%
proportion of the middle susceptible variety had diseased the same number of aers
such as the variety in the pure stand. It seems that ussing of middle resistant and
middle susceptible variety in the variety mixtures is effective.

varietal mixtures; stem rust; epidemiological parameters; yield
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VYUZITI ODRiIDOVE ODOLNOSTI JECMENE K UDRZOVANI]
KOLEKCE CISTYCH PATOTYPU PADLI TRAVNIHHO

Antonin DREISEITL

Agricultural Research Institute Kromé¥iz, Co. Ltd, Kromé¥iz, Czech Republic

K mnoha vyzkumnym aktivitim, které vychazeji z teorie gen proti genu (Flor,
1955) (napf. identifikace genii odolnosti v odriidach, vybéry odolnych potomstev
po kiiZeni a dalSi), jsou nezbytné piesné definované a &isté kultury patogena. Proto
je v Zemédelském vyzkumném ustavu Kromé&tiZ udrZovana a priibéZné aktualizova-
na pracovni kolekce vybranych patotypi padli travniho na je¢meni (Erysiphe gra-
minis DC. f. sp. hordei Marchal). )

Padli travni je biotrofni parazit. Energii potfebnou ke svému riistu a rozmnoZova-
ni je schopno ziskavat jen z Zivych rostlin. Izolaty jsou uchovavany ve vegetativnim
stadiu (klony). Nejvy3si hustotu konidii vytvafi na primamich listech. Proto jsou
inokulovany zpravidla mladé rostliny (DC 11).

Pii laboratorni teploté (20 + 2 °C) je mycelium patmé za ¢tyfi a produkce konidii
kulminuje za 7-8 dnii po inokulaci. Proto je u aktivni ¢asti kolekce (patotypy, je-
jichZ inokulum je ¢asto pouZivano k uvedenym aktivitim) b&Zny tydenni interval
mezi inokulacemi.

Inokulace je provadéna otérem napadenych rostlin o primarni listy inokulova-
nych rostlin a to v izolatorech (sklenéné boxy s kovovym ramem o rozmérech
50 x 50 x 50 cm). V nich jsou jednotlivé patotypy chran&ny pfed kontaminaci. Pfi
inokulaci v8ak musi byt rostliny pfistupné (izolator je otevien). Na napadenych
rostlinach v jednom kvétinatku byva fadové 10° i vice konidii. Z nich se pti inoku-
laci dostane velké mnoZstvi mimo izolator. Konidie se v klidném vzduchu usazuji
rychlosti cca 1 cm/s. Je-li proudéni vzduchu vy$3i napf. v disledku pohybu osob
v mistnostnosti, vznaseji se konidie voln& v ovzdusi. V laboratornich podminkéch
(mimo hostitelskou rostlinu) si podrzuji Zivotaschopnost nékolik hodin. Pfi kazdé
inokulaci jsou tedy udrZované patotypy vystaveny znaénému riziku vzajemné kon-
taminace.

Patotypy jsou &asto unikatni. N&které z nich jsou udrzovany (a vyuZivany) vice
nez30let(Britckner, 1963, 1965). V disledku diverzity odolnosti v péstovanych
odriid4ch velmi vzrostla komplexita stfedoevropské populace (Wolfe etal., 1992;
Dreiseitl, Schwarzbach, 1994). Op&tovné ziskani jednoduchych patotypi je
proto v tomto regionu prakticky nemoZné. V piipadé kontaminace unikatnich pato-
typii je jejich opétovna separace zdlouhava a pracovné niro¢na. Jednoduché starsi
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1zolaty (s malym poc¢tem virulenci) jsou pfitom potiebné napf. v pocate¢ni fazi stu-
dia odolnosti velkych kolekci odriid (vzorki) i jako standardy pii studiu zmén citli-
vosti populace k u¢innym latkdm pouZivanych fungicidnich ptipravki.

Proto byl postupné vypracovén systém udrZovani patotypi padli travniho na je¢-
meni v ¢istém stavu (tab. I), ktery vyuZiva poznatky o odriidové odolnosti. Pro rep-
rodukci patotypii je pro kazdy z nich vybrana odriida s vhodnou odolnosti, vii¢i niz
viak je dany patotyp pln€ virulentni. Takto vybrané odriidy s patotypy jsou sefaze-
ny v pfesné stanoveném pofadi tak, aby kazda nasledna odrida slouzila (diky své
odolnosti) jako filtr, znemoZiiujici reprodukci pfedchozich patotypii. Prace v proti-
smémeém ¢1 ndhodném poradi vede ke ztraté ochrany pied vzajemnou kontaminaci.
Proto musi byt pfi vSech pracovnich ukonech spojenych s udrZovanim kolekce,
zvlaste v3ak pfi vlastni inokulaci, dodrZeno stanovené potadi. Pak je spolehlive za-
jisténa Cistota patotypti, které jsou rychle a relativné levné reprodukovany v potie-
bném mnoZstvi.

V systému jsou uplatnény pfedevsim vybrané domaci odriidy a novoSlechténi,
jejichZ odolnost je dobfe prostudovana (Dreiseitl, 1989, 1996a, b, 1997; Drei-
seitl, Jorgensen, nepublikovano). Z celkového poétu 14 odriid zafazenych
v tab. I jsou ¢tyfi (Amsel, Emir, Ricardo a Sara) zahrani¢ni (Brown, Jorgen-
sen, 1991). Pouzité odridy obsahuji celkem jedenact geni specifické odolnosti
k padli, a to samostatné nebo v kombinaci. Pfi udrZovani vyssiho po¢tu komplex-
nich patotypti je tfeba k nékterym z nich pouzit dvé odridy s rtiznou odolnosti.
Pouziti dvojice odrid, které jsou v takovémto piipadé stfidavé vysévany k danému
patotypu, je Casto jen docasné a pieklenuje obdobi do ziskani a reprodukce jiné
vhodné odriidy. Napf. patotyp 0524 je v soucasné dobé udrZzovan na rostlinach od-
rid Emir a Diabas, nebot’ jako prvni v pofadi pfekonava odolnost genii Mlal2
aMila7. Spojeni téchto genti v jedné odriidé brani mnohocetny alelismus Mla loku-
su. Proto musi byt z tohoto pohledu zafazeny dvé odriidy. Patotyp 0524 v3ak také
jako prvni v pofadi pfekonava odolnost genu Mlk. Ten, a¢ je v evropskych odriidich
jeCmene jarniho &asto ptfitomen, nebyl dosud v &eskych a slovenskych odridach
zjistén. Proto jsme pro uvedeny patotyp vybrali n&€kolik moZnych zahrani¢nich od-
rid. Po provéfeni jejich odolnosti bude n&ktera z nich vybréna a po namnoZeni na-
hradi v tomto pfipad& dvojici odrid Emir — Diabas. Podobné bude nahrazena
dvojice Svit — Lumar jednou z linii nl. CE 817, ktera bude svoji odolnosti Mlal,
MiLa, Mlg (Dreiseitl, nepublikovano) zarukou &istoty patotypu 5177.

Naopak napf. patotypy 7532 a 2776, jejichZ &istota je zaloZena na alternativnim
zafazovani odriid s riznymi alelami Mla lokusu, budou i nadale vyZadovat uvedené
¢i obdobné dvojice odriid s odliSnymi alelami.
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I. Pfiklad fazeni odriid s riznymi geny specifické odolnosti (filtradni odriidy) pfi udrZzovani kolekce patotypl Erysiphe graminis £. sp. hordei
v Cistém stavu — An example of ranking varieties with different specific resistance genes (filter varieties) at maintaining the pathopype collection
of Erysiphe graminis £. sp. hordei in pure state

Po- Filtraéni Mi geny Izoléty“
fadil odriidy2 odolnosti? 1. |2 |3 |4 (5 |6 |7 |8 |9 |10 |11 |12 |13.( 14. | 15 | 16.
0102 (6000|4114 | 4404 | 0524 (4047 (0570 | 5426 |4322 | 4376 | 6040 | 4563 | 7532|2776 7375|5177

1. |Amsel a7, g + + + + + + +
2. |Ricardo a3 + + - + +
3. |Karéit al3 + + + + + + +
4. |Emir al2 + | + + + + + +
5. |Emir— Diabas |al2-a7 + + + + +
6. |Jaspis a6, at + + + +
7. |Pax al3,La + + + -+ +
8. |Lumar al, g + + +
9. |Spartan a9 + + + +

10. | Viktor al3,La, g + + +
11. [Sara a3 (Tu2) +

12. (UH 308 al2, at +

13. |Mars = Lumar |a3, g-al, g +

14. |Mars — Viktor (a3, g-al3,La, g e

15. |Svit al3, at +

16. |Svit-Lumar al3, at-al, g '

lorder; 2filter varieties; 3Ml-resistance genes; 4isolates
+ virulence
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Do systému mohou byt v&lenény jen dobfe prostudované a €isté izolaty a stejné
tak dobfe prostudované a Cisté hostitelské odridy. V idealnim pfipadé je jeden pa-
totyp virulentni v kolekci pouze k jedné odriidé. To v3ak je jev ojedinély.

Ostatni patotypy (pasivni ¢ast kolekce) jsou také udrZovany na Zivych rostlinach
filtranich odriid. Ty v3ak jsou p&stovany (v béZném obchodnim radelinovém subs-
tratu) ve sklenénych trubicich pfi niZ$im teplotnim reZimu (0,5-5 °C). Tak je zpo-
malen vyvoj hostitele i patogena a inokulace je nutna za 6 az 10 tydni, pfipadné za
4 aZ 6 mésicli. V mezidobi, kdy nejsou provadény uvedené aktivity (zpravidla v mé-
sicich kvéten—srpen), je v nizkém teplotnim reZimu udrZovana celd genova banka
patogena. Dochazi tak k dal§im tusporam lidské prace a osiva pfislusnych odrid.

I pfes uplatnéni uvedeného postupu neni uchovavani kultur padli travniho levné.
Proto je Zadouci udrZovat nizky, ale pfitom dostatedny poclet originalnich izolati.
Pro studium specifickych otazek jsou vyuZivany i patotypy z jinych genovych bank
patogena, které existuji v omezeném poctu evropskych zemi.
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Utilization of Barley Varietal Resistance for Maintaining a Collection
of Pure Powdery Mildew Pathotypes

To reproduce pathotypes of Erysiphe graminis hordei, we inoculate primary lea-
ves of fresh plants by shaking infected plants over them in isolators (glass boxes).
A lot of conidia get out of the isolators and the pathotypes can contaminate each
other. Therefore, a variety (a pair of varieties) possessing a suitable resistance, to
which a given pathotype is virulent, is selected. The inoculation is performed in
such a sequence, so that resistance of each subsequent variety is a filter one and
disables any of preceding pathotypes to reproduce (Table I). During the process in
other sequence protection against mutual contamination would be lost.

barley; varietal resistance; powdery mildew; collection of pathotypes; pure isolates
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RECENZE

Return to Resistance. Breeding Crops to Reduce Pesticide Dependence

R. A. Robinson

AgAccess, Davis, California, 1996, 480 s. (ISBN 0-932857-17-5)

Soucasna lidska spole¢nost fesi celou fadu globalnich problémi, které jsou pie-
dev$im produktem rozsahlé industrializace. Tato skutednost se rovnéZ tykéa zemé-
délstvi, jeZ je stale vice vazano na vyuZivani industrialnich technologii vetng
rozséhlého boomu v oblasti jeho chemizace. Aplikace pesticidi se stala v zem&dgl-
stvi naprostou nezbytnosti, ktera v§ak v mnoha aspektech prerostla do nekontrolo-
vatelnych a smysl postradajicich rozmérii. V poslednim obdobi stile vice nartista
snaha biologicky orientovanych pracovniki po dosaZeni ,,bodu zvratu“ v této oblas-
ti. Jednim ze zésadnich v&deckych a odbornych smérii reprezentujicich toto snaZeni
je Slechténi rostlin na rezistenci k chorobam a skiidctim.

Pravé o této problematice pojednava velmi zasvéceng, ale pfitom &tivou formou
recenzovana kniha. Autor, Dr. R. A. Robinson, je celosvétové znamy odbomik
a publicista, ktery se jiZ vice neZ &tyfi desetileti zabyva teoretickymi i praktickymi
aspekty Slechténi na rezistenci. Jeho nova kniha je dalsim zdsadnim dilem v této
oblasti. Publikace je rozd&lena do tii &asti: 1. Vysvétleni, 2. Priklady, 3. Re$eni.

V prvni ¢asti, ktera reprezentuje asi jednu tietinu knihy, je podano zékladni vy-
svétleni teoretickych aspektii genetiky a Slechténi na rezistenci, a to jak ze strany
populaci hostitelskych rostlin, tak i populaci patogenii. My3lenkova sekvence této
Casti vyustuje v konstatovani neudrZitelnosti soucasné , hyperchemizace* zemé&dél-
stvi a v neodkladnost jejiho feSeni. Jednou z moZnosti je Slechténi na horizontalni
rezistenci, kterému je vénovan zbytek knihy.

Ve druhé &asti, jeZ je rozsahem zpracovani nejkratsi, je uvedena fada pfikladd
destruktivnich chorob a moZnosti jejich omezeni pomoci horizontalni rezistence.
Tato problematika je demonstrovana na ptikladech brambor, kukufice, kavovniku,
cukrové titiny a fady dal3ich plodin zejména subtropii a trop (bandnovnik, citrusy,
datlovnik, réva vinna atd.).

Ve tieti ¢asti, ktera je nejrozsahlejsi, se pojedndva o metodickych pfistupech fe-
Seni. Tato st je rozdélena do Sesti podkapitol, z nichZ za nejvyznamnéj3i 1ze pova-
Zovat koncepci tzv. klubi $lechténi rostlin, déle pak rozsahlé a podrobné zpracovani
Slechtitelskych metod a zplsobi hodnoceni rezistence. V zavéru knihy je zdivod-
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nén vyznam $lechtitelskych klubi orientovanych na horizontalni rezistenci. Rovnéz
je zde zdtiiraznén konflikt mezi $lechténim na trvanlivou resp. horizontalni rezisten-
ci a moZnostmi metod genovych manipulaci. Knihu uzavira velmi dobfe zpracova-
ny vykladovy slovni¢ek, index odbornych vyrazi a latinskych jmen druhi rostlin.

Zavérem lze konstatovat, Ze Robinsonova kniha je mimofadn€ zajimavym Cte-
nim. Lze ji povaZovat za spiSe popularné védeckou nez védeckou publikaci. Srozu-
mitelnosti vykladu poskytuje moZnost i t¢éméf naprostym laikiim nahlédnout do taji
této sloZité problematiky. Kniha je urena viem, ktefi se zajimaji o geneticko-3lech-
titelské aspekty feSeni otdzek rezistence kulturnich rostlin. VEfimn, Ze se tato kniha
stan€ jednim z bestseleri, tak jak tomu bylo v 60. a 70. letech u knih van der Planka,
které vSak svym pojetim byly srozumitelné ptevaZzné& védecké vetejnosti.

doc. Ing. Ales Lebeda, DrSc.
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LIRIOMYZA HUIDOBRENSIS BLANCHARD

Synonyma: Agromyza huidobrensis Blanchard, Liriomyza cucumifoliae Blanchard,
Liriomyza langei Frick; Liriomyza dianthi Frick

Vrtalka jihoamericka

Narodni nazvy: anglicky — Serpentine leaf miner, South American leaf miner, pea leaf
miner

1. Dospélec vrtalky jihoamerické 2. Podkopy larev na listu rajcete

Hlavni hostitelé: polni plodiny — brambor, cukrovka, vojtéska; zeleniny — celer, cibule,
fazol, hrach, lilek, okurka, paprika, por, rajce, salat, $penat; okrasné rostliny — Amaran-
thus, Aster, Chrysanthemum, Dahlia, Dianthus, Gypsophila, Lathyrus, Lisianthus, Pri-
mula, Verbena, Zinnia a fada druhi plevel.

V Ceské republice jsou kromé plevelt napadany: Lycopersicon, Capsicum, Chrysanthe-
mum, Gerbera a Gypsophila.

Geografické rozsireni: Z jthoamerického kontinentu se tato vrtalka roz$ifila do Afriky,
Stredozemi a v roce 1987 do Evropy, kde se vyskytuje v Belgii, Ceské republice, Francii,
Italii, Nizozemsku, Portugalsku, Rakousku, Némecku, Spanélsku a Velké Britanii.

V Ceské republice byl vyskyt doposud zji$tén pouze ve sklenicich; napadené jsou &asto
zasilky fezanych kvétin z Nizozemska.

Biologie: Samice kladou aZ 400 vaji¢ek do vpichi na listech hostiteli. Larva se lihne
podle teploty prostiedi a druhu hostitele za 2-5 dni, po 4-7 dnech Ziru v listovych
a stonkovych minach se kukli na povrchu listu ¢i v ptidé. Z kukly se po 7-14 dnech lihne
dospé&la moucha, ktera Zije asi 15 dni. Ve vytap&nych sklenicich mé Skidce za rok vice
generaci.

Dospélci se Zivi sanim rostlinnych $tav. V naSich zemé&pisnych Sitkdch miZe vrtalka
jihoamericka ve stadiu pupdria pfeZit za mirnych zim i mimo sklenik.



Hospodarsky vyznam: Skodlivost vrtalky jikoamerické se miiZe projevit sniZenim
vynosu aZz o 100 % (v disledku Ziru larev v minich a sini dospélcii na rostlinach)
a zhor3enim kvality sklizenych produktu (kvéty, plody), coZ vede i ke sniZeni trZni
hodnoty.

Zpusob zavlékani: Nejcastéji je zavlékana mezinarodnim i vnitrostatnim obchodem
s rostlinnym materidlem (zv1a$té na fizcich chryzantém a na fezanych rostlinach z rodu
Gypsophila) a ze zamofenych porostii. Aktivni Sifeni vrtalky ze zamofenych skleniku
bylo zjisténo do vzdalenosti nékolika set metni.

Determinace: Symptomy na rostlindch: Na spodni stran& listl, popf. na stoncich jsou
bélavé, pozde&ji hnédnouci chodby podkopil (min) nepravidelného tvaru. Na hibetni
strané listd jsou okrouhlé aZ ovalné bélavé vpichy dospélcit priméru az 0,15 mm.
Diagnostika: Vajicka jsou bélava velikosti 0,2 x 0,1 mm. Larva zpo&atku prihledna,
pozdéji ZlutooranZova doriista délky az 3 mm. Ovalné puparium proménlivé barvy je aZ
2,3 mm dlouhé. Trachedlni vyusténi larvy a pupdria tvofi vénetek s 6 aZ 9 hrbolky.
Dospélci jsou Zlutocerné zbarveni, délka téla je az 2,3 mm. Orienta¢ni rozliSeni dospélcii
ptibuznych druhil vrtalek z rodu Liriomyza je moZzné podle velikosti cemé skvmy na
mezopleufe (m) a podle zbarveni policka, z né¢hoZ vyristaji vnitini (b) a vné&jsi (a)
vertikalni brvy. Presné druhové rozliSeni lze provést pouze na zakladé porovnani
morfologie pohlavnich organti samcii, popi. pomoci elektroforézy.

A — dospélec vrtalky s oznatenou mezopleurou

B — mezopleury: 1. L. bryoniae, 2. L. trifolii,

B A 3. L. sativae, 4. L. huidobrensis
i I/ C-hlava vralky: 1. L. bryoniae, 2. L. trifolii,
3. L. sativae, 4. L. huidobrensis

Text: M. Hnizdil; Perokresby: B. Zbuzek; Foto: M Hnizdil, J. Sedivy



BEMISIA TABACI GENNADIUS

Synonyma: Bemisia gossyiperda Misra a Lamba; Bemisia longispina Priesner a Hosny;
Bemiisia negeriensis Corbett

Molice bavinikova

Narodni nazvy: anglicky — Cotton whitefly, sweet potato whitefly, tobaco whitefly;
némecky — Tabakmottenschildlaus; francouzsky — Aleurode du cotonnier,
aleurode de la patate douce

1. Dospélec molice 2. Nymfy a puparia na listu

Hlavni hostitelé: bavinik. bataty, kasawa, rajée, tabak, Euphorbia pulcherrima,
Gerbera, Hibiscus.

V Ceské republice zjisténa nejéastéji na listech Euphorbia pulcherrima a Hibiscus spp.

Geografické rozdireni: Z pivodni domoviny, kterou je Stredomofi, se tato molice
rozsifila do tropickych a subtropickych zemépisnych $ifek vech svétadilt 1 do sklenikl
mimého pasma. Evropa a Stredomofi: Belgie, Ceska republika, Dansko, Francie, Italie,
Izrael, Kypr, Libanon, Libye, Nizozemsko, Norsko, Malta, Maroko, Mad'arsko, Polsko,
Rakousko, Rusko, Recko, Némecko, Syrie, Spanélsko, Svédsko, Svycarsko, Turecko,
Tunisko, Ukrajina; Severni Amerika: Bermudy, Mexiko, jiZni staty USA; Jizni Amerika:
Argentina, Brazilie, Kolumbie, Venezuela, Asie, Afrika, Stfedni Amerika, Karibské
ostrovy, Oceanie.

V Ceské republice se molice bavinikova vyskytuje pouze ve sklenicich, ve volné ptirodé
nepfeZije zimu.

Biologie: Samice kladou podéln& ovalna vajitka v kruzich asi po 40,vzéacnéji jednotlivé.
Vaji¢ka jsou upevnéna stopkou na spodni stranu listu. K lihnuti dochazi po 5 aZ 9 dnech
pii teploté 30 °C; vyvoj jedné generace trva pfi 2635 °C asi 23 dni, kromé teploty zavisi
délka vyvoje zna¢né na vlhkosti vzduchu a hostitelské rostling.



Vylihla nymfa je plocha, ovalného tvaru, pohybuje se jen na kratkou vzdalenost od mista
vylihnuti do mista prisati. V prib&hu &tyf dalSich nymfélnich stupiiti je nepohybliva.
Kazdé z prvnich tfi stupiii trva 2—4 dny. Ctvrty stupeii nymfy — pupéarium — je asi 0,7 mm
dlouhé a trva asi 6 dni; je to stupeil, v némzZ dochézi k pfeméné v dospélce. Dospélec
o velikosti do 1,2 mm se lihne trhlinou ve hibetni &asti pokoZky pupana. Délka Zivota
samice je asi 60 dni a samce od 9 do 17 dni. Samice vyklade za Zivot pfiblizné 160 va-
jicek.

zhledem k rychlému vyvoji $kiidce a jeho znaéné odolnosti k mnoha insekticidnim
pripravkum je redukce jeho populace obtiZna.

Hospodarisky vyznam: Sani dospélcii a nymf zpiisobuje Zloutnuti, chfadnuti aZ nasled-
ny uhyn napadenych rostlin. Medovice po sani hosti erné, které omezuji fotosyntézu.
Molice bavinikova je rovnéz pfenadeem téméf 60 rostlinnych viri. '

Zpusob zaviékani: Zdrojem zavlékani a Sifeni molice je p&stitelsky material a fezané
kvéty hostitelskych rostlin. Pasivni $ifeni vétrem je zanedbatelné.

Determinace: Svmpromy: Na listech napadenych rostlin se tvofi chlorotické skvmy,
které pozdéji splyvaji a Zloutnou, listy nasledné opadnou. Na spodni strané listi jsou
bélava az prithledna puparia a nymfy. Pii zatieseni rostlinami vyleti trhavym letem bili
dospelci molice. Diagnostika: Puparium molice bavlnikové je ploché, svira s rovinou
listu ostry thel, na hibeté je aZ do 7 paru izkych pravych $tétin, které pii vyskytu na
nékterych hostitelich zcela chyb&ji (napf. Hibiscus spp. — b). Obvodové voskové 5tétiny
chybgji kromeé koncového paru (a). Puparium molice sklenikové [Trialeurodes vapora-
riorum (Westhof¥) ] svird s povrchem listu prakticky pravy uhel, ma krabi¢kovity tvar,
na hibeté je az 8 pani velmi dlouhych, kolmo postavenych voskovych $tétin, které 1ze
preparacni jehlou oddélit od t¢la pupania (c, d).

Pii trose zkusenosti Ize druhové rozliSovat i podle dosp&lcti. Dospélec molice bavinikové
ma obvykle jasn& Zluté télo, uzsi a slabgji bélavé poprasena kiidla, ktera v klidu
stfechovité sklada na télo. Pfi pohledu shora ma stihlejsi vzhled naZz molice sklenikova..

a — puparium molice bavinikové se 7 pary hibetnich §tétin
(pohled shora)

b — pupérium molice bavinikové bez hibetnich §tétin
(pohled ze strany)

¢ — puparium molice sklenikové (pohled shora)

d — pupérium molice sklenikové (pohled ze strany)

‘u\n‘. iy “r”'m.[p"l'

Text: M. Hnizdil; Perokresby: B. Zbuzek; Foto: M. Hnizdil, J. Sedivy
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should be named in the text, followed by the phrase “et al.*“. References should include
only publications quoted in the text. They should be listed in alphabetical order under
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