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ABSTRACT

Soil borne pathogenic fungi Pythium debaryanum, Rhizoctonia solani and Phytophthora parasitica var. nicotianae
are important problem which causes serious damage in tobacco seedling production. The aim of the investigation
was to evaluate the effectiveness of some new fungicides in the control of these pathogens. The paper presents
the results obtained with the use of chemicals Orvego, Enervin and Signum, while Previcur and Top M. served as
a standard. Investigations were performed during 2013 at in vitro conditions, in the phytopathological laboratory
of Tobacco Institute — Prilep. Recommended rates of chemicals were added to the nutrition media infested with
culture of the investigated pathogenic fungi and incubated for a period of ten days. The highest effectiveness of
100 % for all three pathogenic fungi was achieved by the chemical Enervin. Orvego showed 100 % effectiveness
against the pathogen P. parasitica var. nicotianae, and the same effectiveness was achieved with Signumagainst
R. solani. The new fungicides showed higher effectiveness than the standard products in control of the pathogenic
fungi.
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PE3VIITATHU O UCITUTYBAILETO HA ITIOHOBU ®YHI'MIUAHN BP3 PA3BOJOT
HA HEKOU ITOYBEHU ®UTOITATOT'EHU I'ABHA BO IN VITRO YCJIOBH

Bo pacanonpon3BoAcTBOTO Kaj TYTYHOT NOCEOEH MHpoOJeM MpeTcTaByBaaT MOYBEHUTE (UTONATOTCHH TraOu
Pythium debaryanum, Rhizoctonia solani w Phytophthora parasitica var. nicotianae, Kou My HaHECyBaaT OTPOMHHU
LITETH Ha TYTYHCKHOT pacaj. 3apaay Toa, IeJiTa Ha 0BA HCTINTYBambe Oelle 1a ce MPoBepH e(PUKACHOCTA HA HEKOU
MTOHOBH (DYHTHIIUAN 3a Cy30MBarb€ HA OBHE MAaTOreHW. Bo TPyIOT ce M3HECEHH PE3yNTaTuTe O MCTIUTYBAmETO
Ha npemaparute Orvego, Enervinu Signum, a kako craHgapaHu ce 3eMmeHurnpenaparure Previcurm Top M.
HcnuryBamaTta ce W3BpIICHH BO in Vitro yciuoBu Ha xpamnmBa noanora KJIA Bo Texor Ha 2013 rogmHa BO
¢uronaronomkara gaboparopuja Ha Hayunwor muctuTyT 32 TyTyH-Ilpmmen. IlpenBuaenara koiawdwHa Ha
mpenapar € 70/1a/ieHa BO XpaHJIMBaTa MMoJIora Ha Koja Oelre 3aceaHa KyaTypa Of MCIUTYBAaHWTE MAaTOreHH radu
1 e MHKyOupaHa 3a BpeMme ox aeceT aeHa. Hajeucoka eduxacHocT on 100% kaj cute Tpu maroreHu radbu oOere
nocturHara co npemnaparor Enervin. Ilpemaparor Orvego moxaxa 100% edukacnocT cnpema maroreHot P
parasitica var. nicotianae, a co GyHTHIOMIOT Signum MCTO TakBa e(pUKaCHOCT OelIe MOCTUTHATA CIIpeMa ITaTOTeHOT
R. solani. CtangapiHuTe TIpenapaTy nokakaa Jo0po (GyHTHCTATUYHO JIEjCTBO crpemMa rnarorennte rabu. Hosure
WCTIUTYBaHU (PYHTUIMIH TIOKaXkaa MOBHCOKA €(pUKAaCHOCT BO OJJHOC Ha CTAHIAPAHUTE ITPEnapar BO Cy30MBamEToO
Ha OBHE TTaTOTCHHU Tadu.

Kayunu 3060poBu: narorenu, P. debaryanum,R.solani, Pparasitica var. nicotianae, pyHTUIHIN

INTRODUCTION
Tobacco seedlings are frequently attacked that cause the damping-off disease. Due
by many pathogenic soil borne fungi to favorable temperature and humidity
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conditions in seedbeds which also favor the
development of phytopathogenic fungi, the
damages on tobacco can often reach over
50%. Symptoms that appear in seedbeds
are similar and it is very difficult to visually
determine the causing agent of the disease.
The most common agents that attack tobacco
seedlings are Pythium debaryanum, also
known as Pythium ultimum - one of the main
agents of damping-off disease in vegetable
crops (Ivanovié, 1992), Rhizoctonia solani,
Phytophthora parasitica var. nicotianae,
Thielaviopsis  basicola,  Botrytis  sp.,
Fusarium sp. etc. Infestation is manifested
through necrotization of seedlings root
system and lower part of the stalk. Although
the symptoms are similar, they are caused
by different pathogens and therefore special
attention should be paid to the choice
of chemicals. Products that are used to
control one causing agent will often not
be effective against the other.Thus, before
application of fungicide it is essentialto

determinethecauseof ~ the  symptoms.
Investigations were conducted with a
number of standard chemicals offered by
manufacturers. Taskoski(2001,2005,2009)
obtained good results with propamocarb,
metalaxyl and kaptan based chemicals in the
control of P. debaryanum, with metalaxyl in
the control of P. parasitica var. nicotianae
and with thiophanate methyl in the control
of R. solani. According to literature data
(Ivanovi¢, 1992), good protection in field
conditions was achieved by application of
fungicides based on chlorthalonil, thiram,
kaptan, metalaxyl and promocarb. Some
of the known fungicides, however, showed
poor performance in practice. For that
reason, our investigations include some
newer products for seedlings protection
from soil borne pathogens. The purpose of
investigations was to estimate the effect of
new fungicides on development of most
frequently represented pathogens that cause
serious damage to tobacco seedlings.

MATERIALS AND METHOD

In vitro investigations were made in
phytopathological laboratory of the
Scientific Tobacco Institute - Prilep.
Tobacco seedlings were infested with pure
culture of P. debaryanum, R. solan iand P.
parasiticavar. nicotianae—phytopathogenic
fungi that cause damping off disease. The
growth media used was potato dextrose agar

(PDA). Culture of the pathogenic fungi was
isolated from infested tobacco plants grown
in Petri dishes using standard laboratory
methods. The investigation included three
new fungicides and two standard fungicides
which have already been used in tobacco
seedlings protection (Table 1).

Table 1.Investigated fungicides

Fungicide Active ingredient Concentration %
Ametoctradin 300g/1 +

Orvego . 0,1%
Dimethomorph 225g/1

. Ametoctradin 120g/kg+

Enervin WG . 0,2%

Metiram 440 g/kg
. Boscalid 267 g/kg +

Signum WG . 0,1%
Pyraclostrobin 67 g/kg

Previcur 607SL Propamocarb 70% 0,25%

Top M 70WP Thiophanate methyl 70% 0,1%
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After autoclaving, different concentrations
of fungicides were added to the media
cooled at certain temperature. While the
media was still warm it was placed in 90
mm Petri dishes sown with 3x3 mm frag-
ment of the fungus culture and then incu-
bated in a thermostat at 25°C for ten days.

Three tests were performed for each patho-
genic fungus, with five rerplicates for each
variant (chemical). Growth of the fungus

colony in variants treated with fungicides
was compared with the control, i.e. with the
untreated fungus colony.

The readings were performed in a period of
10 days, with regular measuring of radial
growth of the colonies. Average values from
the five replicates were taken as end value
for each variant. The percentage of the test-
ed fungicides was calculated by the formula
of Mudri (2000) and Siameto (2010):

Effectiveness % = (a - b/ a) x 100,

where:

a = radial growth of the pathogen in the control

b = radial growth of the pathogen in the presence of fungicide

RESULTS AND DISCUSSION

Results of the experiments are presented in
table, through the average values obtained
from the five replicates.

Table 2 shows the results for daily growth
of the pathogenic fungus P. debaryanum,
obtained in the first experiment.

Table 2. Colony growth of the fungus P. debaryanum

Colony growth in mm by days

Variant 1 2 3 4 5 6 7 8 9 10
Control 12 40 45 45 45 45 45 45 45 45
Orvego0,1% 3 10 25 30 35 40 45 45 45 45
Enervin0,2% - - - - - - - - - -
Signum0, 1% 3 12 22 40 42 45 45 45 45 45
Previcur0,25% 5 7 5 15 17 18 20 20 20 20
Top M 0,1% 5 28 45 45 45 45 45 45 45 45

24 hours after incubation, the radial growth
of fungus colony in the control was 12 mm.
Due to the fungus rapid development, the
maximum increase of 45 mm was reached
on the third day, which means that the Petri
dish was full. Unlike control, somewhat
slower growth was observed in variants
treated with fungicides. Thus, in media
treated with Orvego 0.1%, radial growth
of the colony ranged from 3 mm after 24
hours to 45 mm on the seventh day of
incubation. Similar results were obtained
with Signum 0, 1 %. The highest fungal
growth was recorded on the media treated
with Top M 0,1% (5mm after 24 hours, and

the maximum 45 mm on the third day). The
lowest growth was registered with Previcur
0, 25 % (5 mm on the first day and 20 mm
by the end of observation). Only in the
media treated with Enervin 0, 2 % no colony
growth of the pathogen P. debaryanum was
observed.

Development of R. solani from the first
experiment is shown in Table 3. This
pathogenic fungus showed good growth,
with the maximum of 45mm achieved on
the fifth day of incubation. Somewhat lower
growth was observed in the fungus grown
on media treated with Orvego 0, 1 % and
Previcur 0, 25 %. With both fungicides,
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radial growth of 45 mm was measured on
the seventh day of incubation. The lowest
growth was measured on media treated with
Top M 0,1% (3 mm on the second day, and

only 15 mm by the end of observation). No
mycelial growth of the fungus was observed
inmedia treated with the fungicides Enervin
0, 2 % and Signum 0, 1%.

Table 3. Colony growth of the fungus R. solani

Colony growth in mm by days

Variant 2 3 4 5 6 7 8 9 10
Control 2 12 30 40 45 45 45 45 45 45
Orvego0,1% - 5 15 20 30 40 45 45 45 45
Enervin0,2% - - - - - - - - - -

Signum0,1% - - - - - - - - - -

Previcur0,25% - 5 20 30 35 40 45 45 45 45
Top M 0,1% - 3 10 10 10 10 12 15 15 15

In the first experiment, pathogenic fungus
P. parasitica var. nicotianae reached 30 mm
by the end of observation in the control (Ta-
ble 4). Somewhat poorer growth (20mm)
was measured in the variant treated with

Signum 0, 1%, and the lowest growth was
observed with the fungicides Top M 0,1%
(13 mm) and Previcur 0, 25% (15mm). No
fungal growth was recorded in media treat-
ed with Orvego 0, 1% and Enervin 0, 2%.

Table 4. Colony growth of the fungus P.parasitica var. nicotianae

Colony growth in mm by days

Variant 1 2 3 4 5 6 7 8 9 10
Control 2 8 10 15 18 20 25 25 30 30
Orvego0,1% - - - - - - - - - -
Enervin0,2% - - - - - - - - - -
Signum0,1% - 2 5 8 11 13 15 17 20 20
Previcur0,25% - 4 6 8 10 12 12 15 15 15
Top M 0,1% - - 2 3 5 6 9 10 10 13
Results of investigations on the three of the colony grown in media treated with

pathogenic fungi obtained in the second
experiment are presented in Tables 5, 6 and 7.
In the second experiment, the fungus P.
debaryanum showed rapid growth as in
the first one. After 24 hours of incubation,
the growth of the control was 10 mm, and
the maximum radial growth of 45 mm was
reached on the third day (Table 5). No major
differences were observed in development
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Orvego 0,1 %, Signum 0,1 % and Top M
0,1%. In all these treatments the fungus
developed gradually and by the end of
observation the colony growth reached 45
mm. Somewhat poorer growth was observed
in the colony grown in media treated with
Previcur 0,25 %, while absence of fungal
growth was observed in media treated with
Enervin 0,2 %.
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Table 5.Colony growth of the fungus P. debaryanum

Colony growth in mm by days

Variant 1 2 3 4 5 6 7 8 9 10
Control 10 32 45 45 45 45 45 45 45 45
Orvego0,1% 5 15 30 45 45 45 45 45 45 45
Enervin0,2% - - - - - - - - - -

Signum0,1% ; 5 16 25 30 40 45 45 45 45
Previcur0,25% 5 10 12 15 16 18 20 25 30 36
Top M 0,1% 5 25 45 45 45 45 45 45 45 45

Pathogenic fungus R. solani which served
as control had a successful growth in the
second experiment (Table 6). The first day
myecelial growth measured 2 mm and radial
growth of 45 mm was measured on the
sixth day. A similar growth was measured

with variants treated with Previcur 0,25%
and Orvego 0,1%, while the poorest growth
(13 mm) was obtained with Top M 0,1%.
No fungal growth was recorded in media
treated with Enervin 0,2% and Signum 0,1.

Table 6.Colony growth of the fungus R. solani

Colony growth in mm by days

Variant

1 2 3 4 5 6 7 8 9 10
Control 2 8 14 22 35 45 45 45 45 45
Orvego0,1% 2 8 15 25 30 35 45 45 45 45
Enervin0,2% - - - - - - - - - -
Signum0,1% - - - - - - - - - -
Previcur0,25% - 3 10 21 29 40 45 45 45 45
Top M 0,1% - 2 5 7 8 10 10 10 12 13

Results on the development of pathogenic
fungus P. parasitica var. nicotianae in the

second experiment are presented in Table 7.

Table 7.Colony growth of the fungus P. parasitica var. nicotianae

Colony growth inmm bydays

Variant

1 2 3 4 5 6 7 8 9 10
Control - 2 4 6 10 15 18 20 20 25
Orvego0,1% - - - - - - - - - -
Enervin0,2% - - - - - - - - - -
Signum0,1% - - 2 3 5 8 10 10 10 10
Previcur0,25% - 1 3 4 5 8 10 10 10 11
Top M 0,1% - - - - 3 6 10 10 12 15

By the end of observation, radial growth
of the fungus reached 25 mm in the control

variant, which was the highest growth
achieved. In treatments with Signum 0, 1
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%, Previcur 0, 25 % and Top M 0,1%, the
growth was 10 mm, 11 mm and 15mm,
respectively. In this experiment too, no
fungal growth was recorded in media
treated with the fungicides Orvego 0, 1 %
and Enervin 0,2%.

Results of investigations on pathogenic
fungi P. debaryanum, R. solani and P.
parasitica var. nicotianae obtained in the
third experiment are presented in Tables 8§,
9 and 10.

Data on growth of P debaryanum are
presented in Table 8. Due to the rapid
growth of this fungus, 15 mm radial growth

of the colony was measured after 24 hours,
and the second day the Petri dish was full,
i.e. radial growth was 45 mm. In media
treated with Enervin 0, 2 % no mycelia
growth was recorded until the last day of
observation. Poor colony growth of 30 mm
was observed in the variant treated with
Previcur 0, 25 % on the tenth observation
day. In variants treated with Orvego 0, 1 %,
Signum 0,1% and Top M 0,1%, the growth
of the colony started from the first day, to
reach radial growth of 45 mm by the end of
observation (Table 8).

Table 8. Colony growth of the fungus P. debaryanum

Colony growth in mm by days

Variant 1 2 3 4 5 6 7 8 9 10
Control 15 45 45 45 45 45 45 45 45 45
Orvego0,1% ; 8 20 25 30 40 45 45 45 45
Enervin0,2% - - - - - - - - - -
Signumo,1% 5 20 40 45 45 45 45 45 45 45
Previcur0,25% 5 8 11 16 18 20 22 25 27 30
Top M 0,1% 5 27 45 45 45 45 45 45 45 45

Mycelial growth of the phytopathogenic
fungus R. solani was observed in the
control from the first day, and the last day of
observation it measured 45 mm (Table 9).

Media treated with Enervin 0, 2 % and
Signum 0, 1 % showed no mycelial growth
to the last day of observation. The poorest

growth of 18 mm was measured in the
variant treated with Top M 0,1%, while
in the variants treated with Orvego 0,1%
and Previcur 0, 25 % the mycelial growth
started from the first or second day, and on

the tenth day radial growth of 45mm was
measured.

Table 9.Colony growth of the fungus R. solani

Colony growth in mm by days

Variant

2 3 4 5 6 7 8 9 10
Control 2 10 25 35 38 40 40 45 45 45
Orvego0,1% 2 8 15 25 30 37 40 43 45 45
Enervin0,2% - - - - - - - - - -
Signum0,1% - - - - - - - - - -
Previcur0,25% - 4 12 22 30 38 45 45 45 45
Top M 0,1% - 2 8 12 15 15 15 17 17 18

Colony growth of P parasitica var.
nicotianae 1s presented in Table 10. In
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but since this pathogenic fungus has poorer
growth, only 20 mm were measured on the
tenth day. No fungal growth was observed
in media treated with Orvego 0,1 % and
Enervin 0,2 % and the poorest growth of only
5 mm was recorded in fungicide treatments

with Signum 0,1 %. In media treated with
Previcur 0,25 % and Top M 0,1%, just like
in the first and second experiment, there
were no significant differences in colony
growth of the fungus and it reached 12 mm
and 13 mm, respectively.

Table 10.Colony growth of the fungus P. parasitica var. nicotianae

Variant

Colony growth in mm by days

1 2 3 4 5 6 7 8 9 10
Control - 3 6 8 8 9 9 12 20 20
Orvego0,1% - - - - - - - - -
Enervin0,2% - - - - - - - - -
Signum0,1% - - 2 4 4 5 5 5 5 5
Previcur0,25% - 3 5 7 10 11 12 12 12 12
Top M 0,1% - - - 2 5 7 9 10 12 13

According to the results in the above tables,
none of the three pathogenic fungi showed
occurrence and growth of mycelia in media
treated with Enervin 0,2 %. Also, there
was no occurrence and growth of R. solani
and P. parasitica var. nicotianaein media
treated with Signum 0,1 %, and Orvego 0, 1

%, respectively.

The effectiveness of tested chemicals in
the control of soil borne pathogenic fungi
P debaryanum, R. solanii P. parasitica
var. nicotianae, 1.e. their fungicidal and
fungistatic activity in the I, II and III
experiment is presented in Table 11.

Table 11.The effectiveness of tested fungicides, in %

Variant P. debaryanum

I 11 111 X

R.solani

Pparasitica var.
nicotianae

11 111 X I 11 111 X

Control - - - -

Orvego0,1% 0,00 0,00 0,00 0,00 0,00
Enervin0,2% 100 100 100 100 100
Signum0,1% 0,00 0,00 0,00 0,00 100
Previcur0,25% 55,55 20,00 33,33 36,29 0,00

TopMO0,1% 0,00 0,00 0,00 0,00

0,00 0,00 0,00 100 100 100 100
100 100 100 100 100 100 100
100 100 100
0,00 0,00 0,00
66,66 71,11 60,00 65,92 56,66 40,00 35,00 43,88

33,33 60,00 75,00 56,11
50,00 56,00 40,00 48,66

The highest effectiveness in the control
of above soil borne phytopathogenic
fungi during in vitro investigations was
obtained with the fungicide Enervin
applied in a concentration of 0.2 %. In all
three experiments its effectiveness was
100 %, i.e. no occurrence and growth of
these pathogenic fungi was recorded. High
fungicidal effect (100 %) against pathogenic
fungus P. parasitica var. nicotianae in all
three experiments was obtained with the

chemical Orvego in concentration of 0.1
%. The chemical Signum in concentration
of 0.1 % showed 100% effectiveness in
the control of pathogenic fungus R. solani
and high fungistatic effect 75,00% in the
control of P . parasitica var. nicotianae (in
3de replication, or 56,11% in average).

The standard chemicals confirmed their
fungistatic effect against the investigated
pathogens. By application of Previcur
0,25%, 55,55% effectiveness was obtained
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in P. debaryanum in the Ist replication and
56,00% in P. parasitica var. nicotianae
in the IInd replication.The obtained
average values were 36,29% and 48,66%
in P. debaryanum and P. parasitica var.
nicotianae respectively. Similar results
with 53.10 % to 69.46 % effectiveness
were reported by Taskoski (2009), in his
in vitro investigations of this fungicide
in the control of P debaryanum. The
chemical Top M applied in concentration

of 0.1 % showed high effectiveness (60,00
-71,11%) in the control of R. solani in the
IIIrd and IIndreplication, with average
value of 65,92%. This product also
showed good fungistatic effect against P.
parasitica var. nicotianae (35,00-56,66%,
1.e.43,88% in average). Taskoski (2001)
reported high effectiveness of chemicals
with a.i. thiophanate methyl in the control
of R. solani both at in vitro and in natural
conditions of seedlings growing.

CONCLUSION

In our investigations, soil borne
phytopathogenic fungi P. debaryanum, R.
solani and P. parasitica var. nicotianae
were successfully grown on potato dextrose
agar (PDA) and in some of them maximum
colony growth was obtained three days after
incubation. The investigated chemicals
showed big differences in colony growth,
depending on the pathogenic fungus. Some
fungicides showed high fungicidal effect
against one pathogen and fungistatic effect
against another.

Of the fungicides investigated, 100 %
effectiveness was obtained with Enervin
0.2 % against all three pathogenic fungi and
with Orvego 0.1 % against P. parasitica
var. nicotianae.Signum 0.1% showed 100%

effectiveness against R. solani and certain
fungistatic effect against P. parasitica var.
nicotianae.

Of the standard chemicals, fungistatic
effect was confirmed with Previcur 0.25 %
against pathogenic fungi P. debaryanumand
P. parasitica var. nicotianae, and with Top
M 0.1 % against R. solani and P. parasitica
var. nicotianae.

Due to their high fungicidal effect on
growth and development of P. debaryanum,
R. solani and P. parasitica var. nicotianae,
the chemicals Enervin, Orvego and Signum
can find practical application in future, in
protection of tobacco seedlings from these
disease causing agents.
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