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Abstract

Efficacy of fungicide treatments on apple cultivars differing in their susceptibil-
ity to scab, resistant and susceptible, was investigated. The study was performed in
four experimental apple orchards, in 1999-2004. Apple scab was controlled by a
combination of curative and protective treatments of season-long fungicide pro-
grams. Apple powdery mildew was controlled by sanitary winter pruning and pre-
ventive fungicide applications. For pest control, the same insecticides and
acaricides were applied in all orchards. The same level of disease control was
achieved with considerably lower number of fungicide treatments on scab resistant
cultivars, as compared to that on susceptible cultivars. Mean numbers of fungicide
and acaricide treatments were 10.5 and 3.0, respectively on scab susceptible apple
cultivars. Powdery mildew was controlled with a mean of 4.8-5.6 fungicide treat-
ments on resistant cultivars. European red mite (Panonychus ulmi) was controlled
with an average of 1.5 acaricide treatments.
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Introduction

Apple scab, caused by Venturia inaequalis, is the main disease of apple. Annual yield
loss caused by the disease would be about 80% in orchards with susceptible cultivars
and without fungicide treatments, under favourable climatic conditions (Holb 2000).
Great numbers of fungicide treatments (10-20) are required for efficient disease control
in order to produce high quality and quantity apples (Alston 1989, Borovinova 1994 a,
Grauslund and Bertelsen 1996). Environmental-friendly growing system including scab
resistant cultivars (Alston 1989, Lesspinasse 1989, Borovinova 1994 b, Borovinova and
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Ivanova 1995, Shaffer 1994, Schenk 1996, Sestras 2003 a, b), agrotechnical elements
such as fertilization, pruning, soil management (Holb 2005 a, b), application of warning
systems (Borovinova 1994 a, Goszczynski et al. 1996, Holb 2003, Holb et al. 2003),
spraying at specific diseases threshold levels (Holb et al. 2003) is an alternative to the
conventional growing system. Growing scab resistant cultivars results in decreasing the
number of fungicide and acaricide applications and in economizing (Borovinova 1994 b,
Borovinova and Ivanova 1995, Grauslund and Bertelsen 1996, Fady et al. 1990).

The aim of this study was to compare the efficacy of apple scab, powdery mil-
dew and European red mite (Panonychus ulmi) control programs in apple orchards
with cultivars resistant and susceptible to scab.

Materials and methods

The study was carried out in four experimental apple orchards at the Institute
of Agriculture in Kyustendil from 1999 to 2004. Two 3-ha orchards were planted
with scab susceptible cultivars. The first one was established in 1986 with cv.
‘Granny Smith’ grafted trees on M.9 and MM. 106 rootstocks, and the second one -
in 1981 with cv. ‘Golden Delicious’, on MM.106 rootstock. In both orchards the
spacing was 4 X 2.5 m.

Apple scab was controlled by three protective sprays before and during
florescence and after that with postinfection treatments applied 72-96 h after infec-
tions according to Mills and La Plante (1951). Protective treatments before flo-
rescence were performed with a copper-based fungicide and curative applications —
with Anvil 5 EC (hexaconazole), Vectra 10 EC (bromuconazole), Punch 40 EC
(flusilazole), Rubigan 12 EC (fenarimol), Systan 12 E (myclobutanil), Folicur 25
WG (tebuconazole), Scor 250 EK (difenoconazole) and Strobi (kresoxim-methyl).

The other two 3-ha orchards were planted with scab resistant cultivars: the first
one in 1989 with cvs. ‘Britegold’, ‘Jonafree’, ‘Coop 10, ‘Moira’, ‘Prima’, ‘Priscilla’,
‘Priam’, ‘Florina’ and ‘Freedom’ (grafted on MM.106 rootstock, spacing 4 X 2.5 m).
Observations were performed only on cvs. ‘Moira’, ‘Prima’ and ‘Florina’. In the sec-
ond orchard trees of cvs. ‘Prima’, ‘Florina’ and ‘Erwin Bawer’ were planted in 1996
(grafted on MM.106 rootstock, spacing 4.5 X 2.5 m). Powdery mildew was con-
trolled by sanitary pruning and preventive fungicide treatments: Bayleton 25 WP
(triadimefon), Bayfidan 250 EC (triadimenol) and Kumulus (wet table sulphur).

Monitoring of pests and assessment of their density was done every two weeks and
the same insecticides and acaricides were used for their control in all the four orchards.

Apple scab and powdery mildew assessments were performed on leaves (14-20
days after the last fungicide treatment) and fruits (at harvesting). Five to ten trees,
in five replications of each cultivar, were estimated, taking a mean sample of 100
leaves and fruits from the four sides of each tree. The severity of both diseases was
estimated on mean sample of leaves (% of affected leaf and fruit area) and calcu-
lated by formula of Townsend and Heuberger (Kremer and Unterstenhofer 1967).
Statistical differences were estimated with F-test and Least Significant Difference
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(LSD) values were used for comparing treatments at P < 0.05, P < 0.01, P < 0.001
significance level (Maneva in press).

Results

Weather conditions were generally favourable for the development of V.
inaequalis in the region of Kyustendil. For the period of the investigation a mini-
mum of 15 Mills infection periods in 2001 and a maximum of 39 in 1999 were reg-
istered (Table 1). The number of periods with heavy infection was the highest in
2002 (19) and 1999 (18). Apple scab was controlled with a minimum of seven
treatments (three preventive and four postinfection (curative) applications in
2003) and a maximum of 13 (three preventive and 10 postinfection (curative) ap-
plications in 2002; Table 1). The applied fungicide program was effective for con-
trol of both, apple scab and powdery mildew. Venturia inaequalis incidence on cv.
‘Golden Delicious’ leaves was very low, ranging from 1.4 to 5.7%, with the excep-
tion of 1999 (11.2%) and 2001 (14.3%). Fruit infestation caused by V. inaequalis
was also very low, ranging from O to 0.5% (lower value in 2000 and 2003, the
higher in 2001) (Table 1). Both leaves and fruits of cv. ‘Granny Smith’ were pro-
tected successfully against scab (Table 1). The disease occurrence on fruits ranged
from O to 3.12%, which was significantly different from fruit incidence in the con-
trol plots (up to 57.2% in 2002). Incidence of powdery mildew was low, ranging
from O to 2.4% on cv. ‘Golden Delicious’ and from 0 to 0.3% on cv. ‘Granny Smith’
(Table 1). During the summer the density of European red mite has exceeded the ac-
cepted threshold level minimum two times during 1999, 2002, 2004, and maximum
five times during 2001. It led to up to two and five acaricide treatments (Table 1).

On the scab resistant cultivars a minimum of three and a maximum of eight
treatments in orchard planted in 1989, and a minimum of one and a maximum of
seven in the second orchard planted in 1996 were applied against powdery mildew
(Table 2). All the evaluated cultivars were successfully protected against the dis-
ease, except for ‘Moira’ in 2001. Incidence of powdery mildew in case of other
cultivars was low, ranging from 0 to 4.4%, which depended on cultivar susceptibil-
ity to Podosphaera leucotricha, therefore, incidence values were not significant (Table
2). The evaluated cultivars could be efficiently protected with a minimum of three
and a maximum of seven treatments, depending on the cultivar susceptibility to
powdery mildew and sanitary pruning. ‘Moira’ was the most susceptible to P.
leucotricha and the incidence values reached 34.5% on non treated trees (Table 2).

The population density of European red mite was variable. Only in 2002 the oc-
currence of the pest was under the accepted threshold level, and the trees were not
treated with acaricides. During the rest of the years, it was over the accepted
threshold level and trees had to be treated at least once, up to three times, with
acaricides (Table 2).

Summarizing, the mean number of fungicide and acaricide treatments on scab
susceptible apple cultivars was 10.5 and 3.0, respectively. Powdery mildew was con-
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trolled on cultivars resistant to scab with a mean of 4.8-5.6 fungicide treatments.
European red mite was controlled with an average of 1.5 acaricide treatments.

During the investigated period, mean cost of fungicides, acaricides and the
treatments was 357 Euro per 1 ha of apple orchard with scab susceptible apple
cultivars. However, the mean cost decreased to 175 Euro in the orchard planted
with scab resistant cultivars.

Discussion

The present study showed that weather conditions were very favourable in
Kyustendil region for scab development, especially in April and May when most as-
cospores were discharged, and leaves and fruits were in most susceptible
phenological stages. The results were in agreement with the results of Holb (2000)
and Holb et al. (2003). High susceptibility of cultivated cultivars such as ‘Golden
Delicious’ and ‘Granny Smith’ is the second factor determining favourable condi-
tions for the development of scab. The high fruit infestation (up to 57.2%) in the
unsprayed plots confirmed the role of favourable conditions for scab development.

Spray programs with curative and preventive applications gave very good con-
trol of apple scab and powdery mildew on scab susceptible cultivars. The diseases
were controlled by a minimum of seven and a maximum of 13 treatments, depend-
ing on infection periods.

The repeated use of fungicide caused an increase in the population density of
European red mite. During the period of investigation, a mean of 3.8 acaricide
treatments were applied to control this pest.

Powdery mildew on the scab resistant cultivars was controlled successfully by a
mean of 5.6 treatments and European red mite by a mean of 1.5 acaricide treat-
ments which was a 50% reduction, as compared with results obtained on scab sus-
ceptible cultivars. Lower number of fungicide treatments resulted in lower density
of European red mite. These results confirmed the results from a previous study
(Borovinova and Ivanova 1995).

The cost of fungicide and acaricide treatments greatly differed for the susceptible
and resistant cultivars. Growing scab resistant apple cultivars gave an approximately
50% economy priority compared to scab susceptible cultivars. Fady et al. (1990) also
found a reduction in pesticide cost, especially in acaricides (about 30%), in integrated
apple orchards. From the point of view of economy, scab resistant cultivars can be a
quantifiable cost benefit for the growers, but it is also an unquantifiable benefit for hu-
man health and environment, which is more important than saving money.
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