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SUMMARY

The efficacy of several fungicide mixtures in controlling Venturia inaequalis in apple was
evaluated in field trials. The efficacies of Flint Plus (trifloxystrobin + captan) and Tercel (pyra-
clostrobin + dithianon) in comparison with standard fungicides Zato 50-WG (trifloxystrobin)
and Stroby + Delan (kresoxim-methyl + dithianon) were tested in the localities Mihajlovac,
Radmilovac and Landol in 2004 and 2005. Both tested fungicides exhibited high efficacy
in controlling apple scab. There were significant differencies in the efficacies of Flint Plus
(91.3-98.5%) and Zato 50-WG (68.2% and 78.4%); and Tercel (88.7-93.5%) and Stroby + Delan
(779% and 82.1%). Our experiments showed that the investigated fungicide mixtures are
highly effective against V. inageulais, even under high disease pressure.
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INTRODUCTION

Scab caused by Venturia inaequalis (Cooke) G. Winter
is recognized as the most important disease of apples in
economic terms. Fungicides remain the primary tool for
managing this disease and, due to its polycyclic nature,
repeated applications are required over the course of a
single season. This intensive use of fungicides has been
responsible for a more or less rapid development of resist-
ance to several classses of specific fungicides, such as ben-
zimidazoles and sterol demethylation inhibitors (DMIs)
(Kéller et al., 1997; Koéller and Wilcox, 2001).

In 1999, the class of strobilurin-related fungicides,
such as kresoxim-methyl and trifloxystrobin, was intro-

duced as new tools for managing scab and other apple
diseases. Strobilurin analogues are derived from the nat-
ural antifungal antibiotic strobilurin A isolated from the
fungus Strobilurus tenacellus. They belong to different
chemical groups with a common biochemical mode of
action on the fungus. They block electron transfer at the
site of quinol oxidation (the Qo site) in the cytochrome
bcl enzyme complex in the respiratory chain of fungal
mitochondria (Kéller et al., 2004). These fungicides are
now more appropriately referred to as Qol (Quinone
outside Inhibitors) fungicides. Representatives of this
new class are kresoxim-methyl and trifloxystrobin. They
belong to the chemical group oximino-acetamides. In
contrast to curative fungicides (captan, mancozeb, meti-
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ram, propineb, etc.), strobilurin analogues are high-
ly effective on spore germination at very low doses and
are excellent preventive fungicides. Some other chemi-
cal groups with the same mode of action are also in use
against apple scab: methoxy-carbamates (pyraclostrob-
in) and methoxyacrylates (picoxystrobin) (Anonymous,
2007a). The carly stages of fungal development (spore
germination, germ tube elongation and appressorium
formation) are also strongly inhibited by these com-
pounds. However, a shift in sensitivity of V. inaequalis
to strobilurins in Germany (Kunz et al., 1998) and USA
(Koller et al., 2004), after a few years of use, has stressed
the importance of introducing anti-resistance strategies.
In anticipation of resistance development of V. inaequa-
lis to Qol fungicides, their mixtures with multi-site fun-
gicides such as captan and dithianon were suggested as
an anti-resistance strategy (Anonymous, 2007b).

Therefore, the objectives of this study were to eval-
uate the efficacy of new mixtures of fungicides: tri-
floxystrobin + captan, and pyraclostrobin + dithian-
on against apple scab in commercial orchards in Serbia
in 2004 and 2005.

MATERIAL AND METHODS
Location

Four tests were conducted in commercial apple
orchards (cv. Idared and Gloster) in Mihajlovac
(Smederevo), Radmilovac (Vin¢a) and Landol
(Smederevo)in2004and 2005. The tests were arranged
in a randomized complete block design with four rep-
lications, according to EPPO methods (EPPO, 1997a).

Individual treatment-blocks consisted of five trees.

Fungicides

Trifloxystrobin (500 g/kg WG, Zato 50°, Bayer
CropScience) and the fungicide mixtures trifloxys-
trobin + captan (40 g/kg + 600 g/kg WG, Flint Plus’
Bayer CropScience), pyraclostrobin + dithianon (40
g/kg + 120 g/kg WG, Tercel’, Basf), and kresoxim-
methyl (50% WG, Stroby®, Basf) + dithianon (66%
WG, Delan’, Basf) were tested in this study.

Applications

Treatments were carried out using a motorized knap-
sack sprayer (Solo Port 423, Germany) by thorough-
ly wetting the trees (water volume: 1000 liter/ha).
Initiation of application was generally adjusted to stand-
ard local practice, starting from BBCH (Biologische
Bundesanstalt, Bun-dessortenamt and Chemical
Industry) 54-55 (first leaves) until BBCH 69-71 (fruit
setting). Application details are listed in Table 1.

Evaluation

In each assessment, 200 leaves of long shoots and
rosettes per plot were evaluated. The percentage of
disease development of the leaves was rated on a scale
developed by Croxall et al. (1953): 0 (no disease), 1%
(one to four small spots on about a quarter of the
leaves), 5% (almost every leaf infected with scab are-
as covering approximately 25% of the leaf surface on
about one-quarter of the leaves), 10% (every leaf infect-
ed with scab areas covering approximately 25% of the
leaf surface on half the leaves), 25% (every leaf infected
with scab areas covering 50% of the leaf surface on half
the leaves), and 50% (all leaves infected, with scab are-
as covering 50% of the leaf surface on half the leaves).

Table 1. Application details for evaluation of fungicides against apple scab
Tabela 1. Uslovi primene za ocenu fungicida protiv ¢adave pegavosti jabuke

Year Locality  Date of evaluation Application interval (days) i\Iulinl Efiro(r)lfs Date of application
Godina  Lokalitet Vreme ocene Intervali primene (dani) Brf())lj) cretmana Vreme primene
20042 Mihajlovac May 11 6-8 5 Apr.2,8,16,22,28
2004  Radmilovac May 19 6-8 5 Apr.7,15,23,30; May 6
Apr. 22,30
2005b) Landol May 2 7- 4
5 ando ay 25 9 May 9, 16
Apr.22,30
200 Radmil May 31 -10 4
5 admilovac ay 3 7 May 10, 17, 24

% = Begin of flowering: April 16/Po¢etak cvetanja: 16. april
b~ Begin ofﬂowcring: Apri[ 23/Pocetak cvetanja: 23. april
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Table 2. J inaequalis - Disease intensity on apple leaves and fungicide efficacy (locality: Mihajlovac and Radmilovac, 2004)
Tabela 2. ¥ inaequalis — Intenzitet zaraze na liS¢u jabuke i efikasnost preparata (lokalitet: Mihajlovac i Radmilovac, 2004.

godine)

Treatment Rate Mihajlovac Radmilovac
Varijanta Koli¢ina Disc?sc scver.ity ‘(%) E_fficacy (%) Disez}sc sever‘ity .(%) E'fficacy (%)
(kg/ha) Intenzitet oboljenja (%)  Efikasnost (%) Intenzitet oboljenja (%)  Efikasnost (%)
Flint Plus 1.25 7.2a 91.3 55a 92.9
Flint Plus 1.5 34a 959 29a 96.2
Flint Plus 1.87 13a 98.5 2.2a 97.2
Zato 50-WG 0.15 179b 78.4 24.7b 68.2
Dnoreated 825c : 775 ¢ :
LSD 7.9 7.4

Mean values in columns followed by different letters are significantly (p<0.05) difterent according to Duncan’s test

Srednje vrednosti ukolonama oznacene sa razli¢itim slovima se statisticki znacajno razlikuju u skladu sa Dankanovim testom

The efficacy of the compounds tested for apple scab
control was expressed in terms of disease severity using
the Towsend-Heuberger’s formula:

Z(HV)IOO
NV
where: n = degree of infection according to the
6-grade scale, v = number of leaves per category, V =

ID =

total number of leaves screened, N = highest degree of
infection. The efficacy was evaluated using Abbott’s
formula (Abbott, 1925). Data were analysed separately
for each trial using ANOVA and the means were sep-
arated by Duncan’s multiple range test (EPPO, 1997b,
1997¢).

RESULTS

Climatic conditions in 2004 and 2005 were quite
favourable for disease development, with frequent
wet spells, in late March and early April. Under such
climatic conditions, an epidemic began with initial
ascospore infections, detected as a diffused outbreak
of symptoms on the leaves at the end of April. This
situation led to a general spread of the disease, with a
very high degree of infection of leaves. Under such an
exceptionally high infection, the tested fungicide mix-
tures provided very good protection.

Table 2 summarizes the data of disease intensity on
apple leaves (Figure 1 and 2) and fungicide efficacy in
thelocalities Mihajlovac and Radmilovacin 2004. The
results show a significant difference in the efficacies of
the tested fungicides Flint Plus (91.3-98.5%) and Zato
50-WG (68.2% and 78.4%). There was no significant

difference in the efficacies of Flin Plus applied in dif-
ferent rates.

Table 3 summarizes the data on disease intensi-
ty on apple leaves and fungicide efficacy in the locali-
ties Landol and Radmilovac in 2005. The results show
a significant difference between the efficacies of the
tested fungicide Tercel (88.7-93.5%) and fungicide
mixture Stroby + Delan (77.9% and 82.1%). There
was no significant difference between the efficacies of
Tercel applied at different rates.

Figure 1. Control — untreated plants (locality: Radmilovac,
2004)
Slika 1. Kontrola — netretirane biljke (lokalitet: Radmilovac,
2004)
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Figure 2. Treatment - tryfloxystrobin + captan (1.87 kg/ha)
(locality: Radmilovac, 2004)

Slika 2. Varijanta — trifloksistrobin + kaptan (1.87 kg/ha)
(lokalitet: Radmilovac, 2004)

DISCUSSION

This study shows that the fungicide mixtures tested
are highly effective against V. inageulais, even under
high disease pressure, confirming and extending the
data obtained in previous trials conducted on apple in
Italy (Bologna) (Brunelli et al., 2003). The new prod-
ucts showed remarkable activity against the disease,
often exceeding the previous standards (Zato 50-WG
and Stroby) and ensuring longer intervals of protec-
tion during periods of high epidemic risk (6-10 days).

Some previous trials, carried out in several locations

in Serbia in 1998/99 and 2002, also showed that stro-

bilurin fungicides (trifloxystrobin and kresoxim-me-
thyl) were most effective in apple scab control (Balaz
and Knezevi¢, 2003). However, our results indicated
a decreasing efficacy of tryfloxystrobin when applied
alone in the locality Radmilovac. Without further sol-
id evidence, however, we can only assume that the time
of application, climatic conditions and equipment for
application were the factors causing it.

In 2000, a decreased efficacy of another member of
the strobilurin group of fungicides, kresoxim-methyl,
against apple scab, was reported in the apple growing
region Altes Land in Northern Germany. Studies of
the resistance mechanism revealed that a partial loss
of efficacy of kresoxim-methyl had been caused by an
external esterase that was able to metabolise the fun-
gicide (Jabs et al., 2001). Systematic studies showed
that the esterase was specifically effective in cleaving
the esterbond in the toxophore of kresoxim-methyl
but was much less effective in the case of other strobil-
urins with an esterbond such as trifloxystrobin. This
finding has been confirmed by field efficacy tests. In
plantations where kresoxim-methyl showed some loss
of efficacy due to metabolisation, trifloxystrobin was
always able to achieve perfect control. So, this resist-
ance mechanism seems to be specific for kresoxim-me-
thyl under practical conditions and a positive cross-re-
sistance between kresoxim-methyl and trifloxystrobin
and other strobilurins does not exist (Kuck and Mehl,
2003).

Resistance management of all Qol fungicides is
coordinated by the FRAC Qol Working Group. The
group publishes regular reports on worldwide sensitiv-
ity monitoring and recommends resistance manage-
ment tools to be used (Anonymous, 2007b). The main
tools for lowering the resistance risk of Qol fungicides
are: a rigid limitation of the number of treatments per

Table 3. J inaequalis - Disease intensity on apple leaves and fungicide efficacy (locality: Landol and Radmilovac, 2005)
Tabela 3. V. inaequalis — Intenzitet zaraze na lif¢u jabuke i efikasnost preparata (lokalitet: Landol i Radmilovac, 2005. godine)

Treatment Rate Landol Radmilovac
Varijanta Koli¢ina Dise?se sevcr.ity _(%) Efficacy (%) Discrjlse scvcr.ity '(%) E.fficacy (%)
(kg/ha) Intenzitet oboljenja (%)  Efikasnost (%) Intenzitet oboljenja (%)  Efikasnost (%)
Tercel 2.0 2.8a 88.7 24a 89.7
Tercel 25 19a 92.3 15a 93.5
Stroby + Delan 0.2+ 0.5 5.4b 779 4.1b 82.1
Dnoreated : 246 : 2300 :
LSD 2.4 1.6

Mean values in columns followed by difterentleteers are significantly (p<0,05) different according to Duncan’s test

Srcdnjc vrednosti u kolonama oznacene sa razlic¢itim slovima se staristicki znacajno razlikuju u skladu sa Dankanovim testom
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season; alternating programmes of non-cross-resistant
partner fungicides in crops with a higher number of
fungicide treatments; the use of mixtures of multi-site
fungicides or non-cross-resistant specific fungicides in
crops with a limited number of fungicide treatments.
We should add that all partner fungicides have to be
used at a sound rate, which is sufficient to guarantee
a solid pathogen control when used alone at the same
rate as in the Qol resistance management programme.
Information on Qol resistance development and ade-
quate resistance management recommendations are
being updated annually by the FRAC Qol Working
Group on their internet site (Kuck and Mehl, 2003).
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Efikasnost kombinacija
nespecificnih i fungicida iz grupe
strobilurina u suzbijanju cadave
pegavosti jabuke

REZIME

Ispitivana je efikasnost nekoliko kombinacija fungicida u suzbijanju Venturia inaequalis
na jabuci u poljskim uslovima. U 2005-0j i 2006-0j godini ispitivana je efikasnost Flint Plus
(trifloksistrobin + kaptan) i Tercel (piraklostrobin + ditianon) u odnosu na standardne fun-
gicide Zato 50-WG (trifloksistrobin) i Stroby + Delan (kresoksim-methil + ditianon) na loka-
litetima Mihajlovac, Radmilovac i Landol. Oba ispitivana fungicida ispoljila su visoku efika-
snost U suzbijanju ¢adave pagavosti jabuke. Izmedu efikasnosti Flint Plus (91.3-98.5%) i Zato
50-WG (68.2% i 78.4%), i Tercel (88.7-93.5%) i kombinacije fungicida Stroby + Delan (77.9% i
82.1%) zabeleZena je statisticki znacajna razlika. Nasi ogledi su pokazali da su ispitivane kom-
binacije fungicida visoko efikasne protiv V. ingequalis ¢ak i u uslovima jake zaraze.

Kljuéne reéi: Cadava pegavost; kombinacije fungicida; trifloksistrobin + kaptan; piraklo-
strobin + ditioanon; efikasnost
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