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Introduction

Rules and several tools for fungal disease management are 
well-defi ned and most of them are successfully implemented 
for environmentally friendly productions systems in apple 
(e.g. Zalom, 1993). Disease management practices in 
integrated apple production differ markedly from those in 
conventional production. Synthetic products are restricted 
in integrated apple production. Growers can use only those 
fungicides which are sorted into ’green’ and ’yellow’ list 
of active ingredients by the international integrated fruit 
production guidelines, while many synthetic pesticides can 
be used in conventional apple production.

In integrated apple orchards the most often used systemic 
fungicides are DMIs and strobilurins against the key diseases 
such as apple scab and powdery mildew (e.g. Koller et al., 
1997; Holb et al., 2005, 2009). The extensive use of DMI 
and strobilurin fungicides resulted in fungicide sensitivity 
reduction or fungicide resistance in apple scab and powdery 
mildew (e.g., Délye et al., 1997; Koller et al., 1997; Hollomon 
& Wheeler, 2002; Jobin & Carisse, 2007). Several resistance 
management strategies were developed to avoid apple scab 
resistance to DMI fungicides but an overall solution is still 
under development. One of the most essential diffi culties is 
cross-resistance occurring among DMI fungicides, which 
makes more diffi cult to plan an effective disease management 
strategy (e.g. Koller et al., 1997). Various combinations 
of DMI and stobilurin fungicides in a season-long disease 
management programme may contribute to a successful 

fungicide resistance strategy for both fungicide groups in the 
control of apple scab and apple powdery mildew.

The aim of our study was to evaluate the effectiveness 
of three DMI and strobilurion fungicide combinations in a 
season-long disease management programme against apple 
scab and powdery mildew. The study was performed in two 
integrated apple orchards on a scab susceptible apple cultivar 
Jonagold.

Materials and Methods

Four fungicide spray programmes were performed in two 
integrated apple orchards at Ófehértó and Mándok, respectively, 
in Eastern Hungary. The orchards were established in 2003 and 
1997, respectively, and grafted on M26 rootstock. Both orchards 
followed the Hungarian integrated fruit production guidelines 
from the establishment of the plantations. The main cultivars 
of the orchards were ‘Jonagold’ and ‘Idared’. The experiment 
was done on cultivar ‘Jonagold’. The applied fungicides in the 
spray programmes were: Delan 700WG (dithianon), Chorus 
50WG (cypronidil), Merpan 80WDG (captan), Kumulus S 
(elementary sulphur), Score 250EC (difenoconazole) Clarinet 
(pyrimethanil+fl uquinconazole), Rézoxiklorid 50WP (cop-
per oxyclhoride), Dithane M-45 (mancozeb), Folicur Solo 
(tebuconazole), Tercel (dithianon+pyraclostrobin), and Sillit 
400SC (dodine).

In our preliminary study, altogether four spray program-
mes of DMI and stobilurion fungicide combinations were 
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performed in 2010. The four spray programmes were: i) 
standard (STD): sprays followed by general orchard practices 
followed by the IFP guidelines, ii) DMI dominant (DMI 30): 
proportion of DMI fungicides above 30% while the proportion 
of strobilurin fungicides under 10% in the season-long spray 
programme, iii) strobilurin dominant (STR 30): proportion of 
strobilurin fungicides above 30% while the proportion of DMI 
fungicides under 10% in the season-long spray programme 
and iv) DMI and strobilurin dominant (DMI 30 + STR 30): 
proportion of both DMI and strobilurin fungicides above 30% 
in the season-long spray programme.

At the second half of August, incidence of apple scab on 
fruits and leaves and incidence of powdery mildew on shoots 
were assessed in each treatment. Five trees, replicated four 
times, were assessed for each treatment. 100 leaves/fruits/
shoots per tree were selected randomly and counted for 
disease symptoms. Differences among spray programmes 
were tested separately for the two locations and for the two 
diseases. Statistaics were performed by ANOVA at P=0.05 
level using LSD test.

Results and Discussion

Apple scab incidence was generally high in both orchards 
in the standard fungicide treatment plots ranged between 21.8 
and 26.4% (Figures 1 and 2). Leaf scab incidence was higher 
in all treatments compared to fruit incidence. Scab incidence 
was generally higher at Mándok compared to Ófehértó. In 
both locations the lowest scab incidence was assessed in DMI 
dominant treatment ranged between 5 to 10.7%, which was not 
signifi cantly different from the DMI and strobilurin dominant 
treatment. The incidences of leaf and fruit scab were generally 
higher than those reported in previous studies in integrated 
apple orchards (e. g. Holb at al., 2005, 2006, Holb, 2006) The 
high incidence of leaf and fruit scab in this study was due to 
favorable weather conditions to scab infection, large inoculum 
sources presented in the orchards and poor management 
options during primary infection periods.

Powdery mildew incidence was generally low in both 
orchards in all fungicide treatments ranged between 0.002 and 

0.5% (Figures 3 and 4). Although there were no signifi cant 
differences among treatments, the lowest powdery mildew 
incidence was assessed in the DMI and strobilurin dominant 
treatment in Mándok and in the strobilurin dominant 
treatment in Ófehértó. Low powdery mildew incidence 
was reported also in previous apple studies in integrated 
orchards (Holb, 2005; Holb et al., 2009). The low incidence 
of powdery mildew in this study was due to good effi cacy of 
scab fungicides against powdery mildew, small amount of 
inoculum sources in the orchards and moderate susceptibility 
of cultivar ’Jonagold’ to powdery mildew.

Figure 1. Effi cacy of DMI and strobilurin spray programmes (STD = 
Standard, DMI 30 = DMI dominant, STR 30 = strobilurin dominant, DMI 
30 + STR 30 = DMI and strobilurin dominant) on apple scab incidence on 
leaves (black coloumn) and fruits (white coloumn) of cultivar Jonagold in 
2010 at Mándok (LSD

0.05
 = 6.2 – leaf; LSD

0.05
 = 4.4 – fruit).
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Figure 2. Effi cacy of DMI and strobilurin spray programmes (STD = 
Standard, DMI 30 = DMI dominant, STR 30 = strobilurin dominant, DMI 
30 + STR 30 = DMI and strobilurin dominant) on apple scab incidence on 
leaves (black coloumn) and fruits (white coloumn) of cultivar Jonagold in 
2010 at Ófehértó (LSD

0.05
 = 5.1 – leaf; LSD

0.05
 = 4.2 – fruit).

Figure 3. Effi cacy of DMI and strobilurin spray programmes (STD = 
Standard, DMI 30 = DMI dominant, STR 30 = strobilurin dominant, DMI 30 
+ STR 30 = DMI and strobilurin dominant) on powdery mildew incidence 
on shoot of cultivar Jonagold in 2010 at Mándok (LSD

0.05
 = 0.7).

Figure 4. Effi cacy of DMI and strobilurin spray programmes (STD = 
Standard, DMI 30 = DMI dominant, STR 30 = strobilurin dominant, DMI 30 
+ STR 30 = DMI and strobilurin dominant) on powdery mildew incidence 
on shoot of cultivar Jonagold in 2010 at Ófehértó (LSD

0.05
 = 0.4).
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Our study clearly demonstrated that further multiyear 
studies are necessary to evaluate the effect of DMI and 
strobilurin fungicide combinations on the control of 
apple scab and powdery mildew in a season-long disease 
management programme.
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