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ABSTRACT 

Climatic conditions of the Korça district favour very much the development of apple scab 

disease. Damages each year have been enormous. Along with other problems in orchard 

protection problems occupy a central place, especially in the culture of the apple. This crop is 

affected by many diseases such as apple scab, fire blight and pests as codling moth, aphids 

and spider mites. But the most troubling disease for farmers in Korça is undoubtedly Apple 

scab (Venturia inaequalis, Cooke). Today it is considered the most dangerous and harmful 

disease to the culture of apple which in some cases causes the reduction of production by 

60%. The reduction of the production quality is another negative aspect, which causes apple 

scab significantly decreasing competition in the market. Today farmers continue to commit 

15-20 treatments per year without any result, adding significantly the expenses and with 

consequences in environmental pollution. The all this situation comes from lack of 

knowledge on the biology of the pathogen, being able to find the most suitable moment 

through RIMpro program for chemical treatments and more effective fungicides for the 

control of apple scab. 

 

KEYWORDS: Apple Scab, Intensity, Disease Index, Rimpro, Fungicides. 

 

1. INTRODUCTION 

Apple scab disease, to be fully controlled requires extensive knowledge, both in terms of 

combating time, as well as the types of fungicides effective against the disease. There are 

computer programs (software) such as APPLESCAB (Blaise.1987), (Duket. 1989), 

VENTEMTM (Butt. 1992), RIMpro (Trapman. 1994), and WELTE (Aalbers. 1998), whose 

main purpose is to optimize the use of fungicides in the proper time. Computer models 

estimate the severity of apple scab infection, depending on the cultivar resistance, weather 

changes and information received for pathogen.  
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RIMpro program is one of the programs that make it possible to identify the most dangerous 

time for primary infections (ascospore) and for secondary infections (Conide). 

RIMpro (Relative Measure Infection program), is one of the simulation models for major 

pests biology and diseases in fruits, created by Marc Trapman, the Netherlands 

(www.biofruitadvies.nl). 

This program has two main elements: 

1. Electronic weather station. 2. Programming disease. 

The climate data are provided automatically from orchard to the office computer, which is 

unique to this program. 

The RIMpro program gives automatically the forecast of events that will occur, and on this 

base, determines the protective measures. Protection strategy is based on preventive 

measures. These measures are based and not calendar. The program facilitates a lot the work 

in decision-making of chemical treatments 

With this method cannot be monitored the maturing of pseudothec, but can only be caught the 

ascopspores in the air by ascospores catcher. Through charts that are automatically shown in 

the computer, are presented the moments of risk by apple scab, primary infections as well as 

secondary infections. The notification system informs the farmers for the beginning of 

treatments with fungicides. 

The RIMpro program provides information for ascopspores release and may be useful in 

determining the time of severe infections during the period of primary infections. (R. 

Rancane, Eihe M., L. Vilka. 2010). 

In Denmark in the years 2008, 2009, 2010, were performed for primary infections, 19 

preventive treatments with fungicides. While through the RIMpro program are performed 3-4 

curative treatments or 79% less treatments. (Hanne Lindhard Pedersen, Birgit Jensen, Lisa 

Munk, Marianne Bengtsson, Marc Trapman). 

Resistance of plant pathogens can take many forms and it is important to understand the 

differences in consultation with the FRAC list. www.frac.info January 2013. Inclusion of a 

pathogen in this list only shows that it can become resistant. It doesn’t indicate if the 

pathogen, is resistant in specific geographical areas Management of apple scab includes 6-16 

fungicide treatments, per season, depending on weather conditions and disease pressure 

(MacHardy. 2001, Carissa and Dewdney 2002. HOLBE. 2003, 2004, 2005, Vincent. 2004), 

which represent up to 90 % of annual spending of fungicides on the apple production. 
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Therefore, an important objective in integrated management programs of orchard is the 

reduction of apple scab by primary inoculums in order to reduce the use of fungicides during 

growth. (MacHardy 1996). Basic practices in management of disease are cultural practices 

including cultivars resistance, mechanical control, biological and chemical control. Cultivars 

with partial resistance toward apple scab are known, and there is an effort to reduce 

fungicides. Nowadays, chemical control relies on DMI and strobilurin fungicides (Koller and 

Wilcox 2000 Broniarek-Niemiec.2002. Broniarek-Niemiec and Bielenin 2003. Koller. 2005). 

For two past decades, great attention has been paid to sanitary practices against the apple 

scab, including plowing (Curtis 1924, Louw 1948), grinding of the leaves (Sutton. 2000, 

Vincent. 2004), collecting of leaves (MacHardy) the use of urea (Burchill. 1965 1968 

Burchill, Burchill and Ross 1968, Sutton. 2000 Meszka and Bielenin 2001, 2002, 2003, 

Vincent. 2004). 

Advanced in integrated management of apple scab, are the programs designed in the United 

States of America (Mac Hardy 1993, 1996, 2000, Sutton. 2000). 

The phenomenon of resistance to fungicides is one of the most important issues in modern 

agriculture. There can be provided recommendations on how the development of pathogenic 

resistance can be prevented or delayed. (Braz.J. 2008). 

Tactics are basic to reduce the use of pesticides through alternative practices that replace 

some, or even all pesticides needed to control a pest or pathogen. (Baesford RM, Manktelow 

DWL (1994). 

Dodine was not used in this experiment, because resistance levels are increasing rapidly. 

Thiophanate-methyl can maintain high levels of resistance to Venturia inaequalis. 

Strobilurine were first used to manage apple scab in 1997, but resistance was reported in 

2004. Further continuation of strobilurine can cause resistance of apple scab. (Kimberly 

S.Chapman). 

Studies conducted in five apple cultivars during 2005-2008 showed that the highest number 

of Venturia inaequalis pseudothec (40-50 per 1 cm2 of leaf surface) and CORTLAND is in 

McIntosh, while in Jonagold and I’dared this value is lower. Usually early mature ascospores 

infect initially leaves in McIntosh cultivar. (Beata MESZKA, Sylwester MASNY, Anna 

BIELENIN. 2008). While in Korça, Starking cultivar is the first affected by the apple scab. 
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2. MATERIALS AND METHODS 

The experiment was set up in the Drenovë municipality. Area of the plot is 7.2 ha. Apple 

culture is planted in three blocks respectively in 2002, 2004 and 2006. 

The study continued three years, from 2010 to 2012. The scheme of experiment is Split-pllot  

Factor A with 3 levels: a1, a2 and a3 represents three fungicide groups, respectively: fungicide 

groups of contact, with internal action and combined. (Bici H. 2010).  

Factor B with 3 levels: b1, b2, b3 represents the three cultivars: Golden Delicious, Starking 

and Paragold that occupy the major share in the structure of planting in Korça region, 

respectively 33%, 39% and 4%. While three blocks represent three repetitions. Each variant 

in each repetition is represented by 10 apple trees 

On August 5, for every apple tree, were analyzed 10 leaves and 10 fruits are picked randomly 

on all sides of the tree. While by Jamar Laurent, Marc Cavalier, Marc Lateur (2010), the 

estimation for the level of infection in old leaves and fruits is done by October 1 to 15 of each 

year. 

In the laboratory were analyzed 2700 leaves and 2700 apple fruits. Chemical treatments are 

performed alternately, according to the program RIMpro (Relative Measure Infection 

program). Each agricultural specialist or growers of apples can monitor these data, through 

the website: www.bioaktuel.ch (Graph 2 and 2.1) 

 

Graph 2. Data for maturation of ascospores and infection risk 

The yellow color       expresses the number of released ascospores 

  The white color       expresses continuity of release time and released ascospores number. 

  The red line      expresses the degree of risk by ascopspores. 

The blue light color     expresses the duration of moisture on the leaves. 
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Graph 2.1. Information about the risk of secondary infections 

The green color __ expresses the degree of risk from apple scab in leaves.  

The red color __ expresses the degree of risk from apple scab in fruits. 

The horizontal black line in the middle of the graph  expresses low degree of risk (Koefic 1.0). 

The interrupted middle black line    expresses middle level of risk (K 1.4). 

The interrupted upper black line  expresses high level of risk (K2). 

 

There was studied the action of fungicides (Factor A) of the yellow list by FRAC (Fungicide 

Resistance Action Committee) with low negative impact on the environment. These fungicides are 

used in the programs of integrated fight in plant protection.  

There were treated 3 apple cultivars: Golden delicious, Starking and Paragold. (Graph  3 and 3.1) 

LEVEL a1- Contact fungicides: Multi-site fungicides - general inhibitor - Operates in some aspects of 

fungal cell.  

1. Champion ® 50 WP (HYDROXIDE Cu) 0.3%. It is a fungicide included in inorganic ingredients 

group. His action is multilateral in various stages of fungal metabolism. It was not used during the 

fruits formation phase in Golden delicious variety. 

2. Delan 700 WG (Dithianon) 0.05%. It is a fungicide included in Quinone group. It is a contact 

fungicide with preventive and curative action. It blocks germination of spores, mycelium development 

and the formation of spores. It also interferes in respiration, damaging enzymes’ activity. 

3. Captan 80 WG® (Captan) 0.15 %. It is a contact fungicide with preventive and curative action. It 

shows a prolonged durability of action and stimulates strong vegetation. 

4. Antracol 70 WP ® (Propineb) 0.2%. It is a fungicide of dithiocarbamate group. It is 

contact foliar fungicide with preventive action. It has a fast and prolonged action. 

5. Daconil 720 SC ® (Chlorothalonil) 0.2%. It is a fungicide of Chloronitrile group. It is a 

contact fungicide with preventive action. It acts preventing the germination of spores. 
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LEVEL a2. Fungicides with internal action: 

Single-site fungicides - specific inhibitors:-They are active only on an enzyme or protein in 

metabolic process of a fungus 

1. Pyrus 400 SC ® (Pyrimethanil) 0.03-0.05%. It is part of the anilino-pyrimidines 

group. It is a translaminar fungicide with preventive and curative action. It was used no more 

than twice a year and was not used before the flowering stage. 

2. Chorus ® 50 WG (Cyprodinil) 0.05%. It is a fungicide with preventive, curative and 

eradicative action. It moves in the plant as a translaminar and acropetal. It is used in 

integrated control programs. It was used no more than twice a year.  

3. Zato 50 WG ® (Trifloxystrobine) 0.015%. It is a semi-systemic fungicide, 

translaminar, with preventive and curative action. Acts for a long time in the plant. It is used 

no more than twice a year. 

4. Score 250 EC ® (Difenoconazole) 0.015%. It is a systemic fungicide with excellent 

preventive and curative action. It is absorbed by plant leaves and moves in acropetal direction 

and it’s a strong translaminar. It is used in integrated control programs. It was used no more 

than twice a year 

5. Stroby WG (Kresoxym methyl) 0.012%. It is a systemic, translaminar fungicide, with 

preventive, curative and eradicative action. It uses no more than twice per year. 

LEVEL a3. Fungicides with internal + contact action 

Each systemic fungicide was combined with a contact fungicide: (Captan or Delan). 

1. Pyrus 0.04%   + Captan 0.15%/Delan 0.05% 

2. Chorus 0.05 %+ Captan 0.15%/Delan 0.05% 

3. Zato 0.015 %   + Captan 0.15%/Delan 0.05% 

4. Score 0.015 % + Captan 0.15%/Delan 0.05% 

5. Daconil 720 SC 0.2% + Captan 0.15%/Delan 0.05% (Table 2.1) 

 

2.1. ESTIMATION OF DISEASE INDEX FOR APPLE SCAB 

The intensity of the disease, expresses % of the area infected by the disease, in the 100 

leaves  or 100 fruits, taken randomly in trees for each variant and for each repetition and 

later analyzed. 

For each category is determined the category based on leafy area infected by apple scab. 

(Kaltani, Çelo) (Table 2) 
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Table 2. Categories according to the level of infection’s intensity affected by apple scab 

Category The level of 

intensity 

% of infection 

0 Practically nothing 0% of the leaf or fruit surface, infected. 

1 Light intensity 0-5 % of the leaf or fruit surface, infected.   

2 Medium intensity 5-15 % of the leaf or fruit surface, infected.   

3 Strong intensity 15-30 % of the leaf or fruit surface, infected. 

4 V. strong intensity 30-45 % of the leaf or fruit surface, infected. 

5 Destructive intensity Over 45 % of the leaf or fruit surface, infected. 

Index of the disease is calculated with Mc Kinney’s formula. I = 
NxK

nixki )(
x 100 

I = disease index. = sum of numeric production. ni = number of leaves or fruits of 

category. ki = number per each category. N = number of leaves or fruits analysed. K = total 

number of categories. 

Table 2.1. Data of treatments according to the RIMpro program and according to fungicide groups 
Nr Year 

2010 
Year 
2011 

Year 
2012 

Contact preparations Internal preparations Combined 
preparations 

1 26.04 21.04 27.04 Champion 50 WP 0.3% Chorus 50 WG 0.05 % Chorus+Captan 
2 13.05 27.04 30.04 Daconil720SC 0.2%   Zato 0.015 % Zato +Delan 

3 18.05 6.05 8.05 Champion 50 WP 0.3% Score 250 EC 0.015 % Chorus+ Delan 

4 18.05 13.05 16.05 Antracol 70 WP  0.2 % Chorus 50 WG 0.05 % Zato +Captan 

5 21.05 17.05 18.05 Delan 700 WG 0.05%. Zato 0.015 % Score +Delan 
6 28.05 20.05 28.05 Antracol 70 WP  0.2 % Score 250 EC 0.015 % Stroby+Captan 

7 2.06 29.05 30.05 Captan 80 WG  0.15 % StrobyWG 0.012% Score +Captan 
8 10.06 5.06 6.06 Daconil720SC 0.2%   Pyrus 400 SC 0.04 % Pyrus +Delan 
9 18.06 12.06 11.06 Delan 700 WG 0.05%. Stroby WG 0.012% Stroby+Delan 

10 21.06 20.06 24.06 Captan 80 WG  0.15 % Pyrus 400 SC 0.04 % Pyrus +Captan 

 

3. RESULTS AND DISCUSSIONS 

When using different groups of fungicides, it is noticed that the disease index of apple scab 

was different for different cultivars. (Graph 3.2 and 3.3) 

Factors analyzed include: 3 types of fungicide group’s a1, a2, a3, respectively: Contact 

fungicides, internal action fungicides and combined fungicides, and 3 types of cultivars 

respectively b1, b2, b3: Golden Delicious, Starking and Paragold. Summary tables were built 

with 3-year final data and was analyzed the disease index in leaves and fruits. 

Effectiveness of fungicides is determined by the disease index for each cultivar. The proper 

time for chemical treatments is determined by data of RIMpro program.  
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The first ascopspores were captured on dates April 25, 2010, April 20, 2011 and April 26, 

2012. The emptying of pseudothec ended on 16 June 2010, June 12, 2011 and June 15, 2012. 

The first spots appeared in Starking cultivar on 5-6 May. The 3 monthly periods April-May-

June, have been with numerous precipitations and favourable temperatures for the 

development of apple scab. (Table 3). This has made possible the realization of 10 chemical 

treatments, to avoid primary infections (Graph 2) and secondary infections (Graph 2.1) 

Values of RIMpro between 50-70 RIM are accepted as risk for apple scab and signal for the 

use of fungicides. (R. Rancane, Eihe M., L. Jankovska. 2006).  

Ascospores grow in a layer of water on the leafy surface and 

fruit. The time required for spore germination and infection of tissues 

depends on the number of hours with constant moisture and temperature of 

the environment. 

Lesions appear about 9 to 17 days after infection. Optimal temperatures for the development 

of apple scab are 16-24oC (Jones and Aldwinckle 1990). 

Table 3. Data of average temperatures and three monthly rainfalls. 

 
Years 

 

 
Months 

The average 
monthly 

temperature 
(0C) 

Monthly 
rainfall (mm) 

Number of 
days with 

rain 

 
2010 

April 9.65 31.9 5 
May 11.45 52 6 
June 15.48 34.6 3 

 
2011 

April 8.73 80.7 13
May 12.3 148 14 
June 21.7 80 4 

 
2012 

April 8.3 124.3 11 
May 13.5 144.6 10 
June 18.5 34.1 3 

 

 

Graph 3. The average indices of the disease in leaves (%) 
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Statistical processing for the disease index in leaves is done as follows. 

We propound  the zero hypothesis for variants L, R (L), (A), L (A), B, AB and find tabular 

values of "F" for probability level 99%.The table for  the analysis of variance, is done as 

follows. 

Table 3.1. The variance analysis of disease indices for apple Scab in leaves 

 
Source 

Degrees 
of 
Freedom 

Sum of 
Squares 

Mean 
Square 
 

Practical 
Values 
(F) 

Theoretical 
Values 
(99 %) 

Years (L) 2 707.327        353.664      61.8807**    6.93 
  R(L) 6 30.437          5.073       0.8876 4.82 
Fungicides   (A) 2 514.210        257.105      44.9858**    6.93 
 (LA) 4 7.085          1.771       0.3099 5.4 
Error 12 68.583          5.715 - - 
Cultivars (B) 2 54.383         27.191      40.3723**    5.25 
LB 4 7.245          1.811       2.6893    3.89 
AB 4 61.954         15.489      22.9964**    3.89 
LAB 8 5.331          0.666       0.9894 3.05 
Error 36 24.247          0.674 - - 
Total 80 1480.802 - - - 

The variance analysis (Table 3.1) proved that the index of disease in the leaves infected from 

apple scab was influenced by several factors. 

Specifically, on the percentage of leaves’ infection from apple scab, have influenced years 

(climatic conditions of different years), the nature of the fungicides used to combat it 

(contact, systemic and combined), and it is also conditioned from the genetic characteristics 

of studied cultivars. 

All these factors have statistically proven changes. Likewise, it is statistically proven the 

impact of interactions of the fungicides nature with cultivars in the study. (Table 3.4) 

This means that, for different cultivars there could be different behaviour of fungicide groups 

in the control of apple scab in fruits. 

Based on the above results, we can identify the most appropriate treatments to control the 

apple scab in leaves, through the calculation of the value of smaller differences statistically 

proven. Practically, the corresponding values of the LSD (Last significant difference) to the 

factors that have had statistically proven changes on the disease index of apple scab in leaves, 

are presented below. 

For years: The LSD of 99% = 10.3. But the differences of averages for the years, are smaller 

than 10.3. There is statistically proven value, just for the LSD of 90% = 6.02. 

For fungicides: The LSD of 99% = 10.3. But the differences of averages for the fungicides 

are smaller than 10.3. There is statistically proven value, only for the LSD of 90 %=6.02. For 

cultivars: The LSD of 99% = 3.15, is provable. 
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For cultivar & fungicide interaction, the LSD of 99% = 3.15, is provable 

 

Graph 3.3. The average Indices of the disease in fruits (%) 

Statistical processing for the disease index in fruits is done as follows. 

We propound  the zero hypothesis for variants L, R (L), (A), L (A), B, AB and find tabular 

values of "F" for probability level 99%. The table for the analysis of variance is done as 

follows. 

Table 3.2. The variance analysis of disease indices for apple Scab in fruits 

 
Source 

Degrees 
of 

Freedom 

Sum of 
Squares 

Mean 
Square 

 

Practical 
Values 

(F) 

Theoretical 
Values 
(99 %) 

Years (L) 2 11.461          5.730      11.2896**    6.93 
R(L) 6 9.940          1.657       3.2638    4.82 
Fungicides   (A) 2 186.040        93.020     183.2575**    6.93 
(LA) 4 5.769          1.442       2.8412    5.41 
Error 12 6.091          0.508 - - 
Cultivars (B) 2 20.858         10.429      62.2742**    5.25 
LB 4 1.109          0.277       1.6550    3.89 
AB 4 12.278          3.070      18.3292**    3.89 
LAB 8 0.846          0.106       0.6316 3.05 
Error 36 6.029          0.167 - - 
Total 80 260.421 - - - 

Analysis of variance (Table 3.2) proved that the disease index of apple scab in fruits is deeply 

influenced by several factors. Specifically, on the percentage of the disease index in fruits 

affected by apple scab have influenced: years (climatic conditions of different years), the 

nature of the fungicides used to combat it (contact, systemic and combined), and it is also 

conditioned from the genetic characteristics of cultivars studied. 

All these factors have statistically proven changes. Likewise, it is statistically proven the 

impact on the nature of interactions of fungicides with cultivars in the study. (Table 3.4). This 
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means that, for different cultivars there could be different behaviour of fungicide groups in 

the control of apple scab in fruits. 

Based on the above results, we can identify the most appropriate treatments to control the 

apple scab, calculating the value of statistically proven smaller differences. Practically, the 

corresponding values of the LSD for the factors that have had statistically proven changes, of 

disease index in fruits from apple scab, are presented below: 

For years: The LSD of 99% = 3.07. For fungicides: The LSD of 99% = 3.07 

For cultivars: The LSD of 99% = 1.57. But differences of averages for cultivars are smaller 

than 1.57. There is a statistically proven value, only for the LSD of 95% = 1.07. For cultivars 

& fungicide interaction: The LSD of 99% = 1.57. 

Table 3.3. Indicators and average values for the three factors 
(Years, fungicides, cultivars) 

Index Years Fungicides Cultivars 

2010 2011 2012 Contact Systemic Combined Golden Starking Paragold 

Disease 

index of 

apple Scab 

in leaves 

 

10.9 

ab 

 

14.6 

a 

 

7.4 

b 

 

14.3 

a 

 

10.5 

b 

 

8.1 

c 

 

10.2 

c 

 

10.6 

b 

 

12.1 

a 

Disease 

index of 

apple Scab 

in fruits 

 

2 

b 

 

2.5 

a 

 

1.6 

c 

 

3.6 

a 

 

2.5 

b 

 

0 

c 

 

1.4 

b 

 

2 

a 

 

2.6 

a 

 

Table 3.4. Values of the interaction between factors 

Pesticide 
Groups 

Cultivars Index 
Index of 

disease in fruits 
index of disease 

in leaves 
Contact Gold 2.9        c 11.9     c 

Starking 3.4        b 14.1     b 
Paragold 4.4        a 16.8     a 

Systemic Gold 1.3        d 10.6     e 
Starking 2.7        c 9.9        f 
Paragold 3.4        b 11.1     d 

Combined Gold 0           e 8.2        g 
Starking 0           e 7.7        h 
Paragold 0           e 8.5        g 
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4. CONCLUSIONS AND RECOMMENDATIONS 

1. RIMpro program proves that the most critical period for primary infections (ascopspores) 

is after April 20 until June 16, a period with plenty of rainfall and temperature suitable for 

apple scab. Secondary infections (Conide) appeared after 5-6 May. 

2. The year with the highest disease index of leaves affected by apple scab for LSD of 90% = 

6.02, is 2011, when the disease index reached 14.6%. Between the other two years in the 

experiment, there were also significant statistical differences. The index of apple scab disease 

in leaves reached respectively 10.9% (2010) and 7.4% (2012).Table 3.3 

3. The best protection of leaves from apple scab is achieved by the combined use of contact 

and systemic fungicides (LSD for 90% = 6.02). In this case the disease index in leaves 

affected by apple scab is at 8.1%. Meanwhile, in the case of treatments where are used only 

systemic fungicides, the index of apple scab disease in the leaves, was 10.5%, and in the case 

of treatment with contact fungicides was 14.3%. Table 3.3 

4. The disease index of the leaves is also a result of significant statistical differences of 

interactions of cultivars with fungicides. However, despite the fact that we have treatments 

only with contact fungicides or system, "Paragold" cultivar, shows the highest index of apple 

scab. Its best protection, as for all other cultivars, is realized only through a combination of 

fungicides. 

5. The best protection of fruits from apple scab is achieved by the combined use of contact 

and systemic fungicides. In this case the disease index was at 0%. Meanwhile, in the case of 

treatments where were used only systemic fungicides, 2.5% of the fruits were infected. In the 

case of treatments with contact fungicides this index was lower (3.6%). 

6. It seems that the higher disease index of the fruits affected by apple scab is conditioned by 

cultivar genetic characteristics. The highest index of stability is observed in "Golden" 

cultivar, while the "Paragold" cultivar, is characterized by high sensitivity to apple scab, 

when the LSD of 95% = 1.07. 

7. The disease index of the fruits with apple scab is also a result of significant statistical 

differences of interactions of cultivars with fungicides. However, despite there are treatments 

using only with contact or system fungicides, "Paragold" cultivar shows the highest index of 

apple scab disease. The best protection, as for all other cultivars is realized only through 

combination of fungicides. 

8. Besides the current cultivars there should be planted apple cultivars resistant as Malus 

floribunda, Malus astrosanguinea, prunifolia Malus, Malus baccata, Malus prunifolia-
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microcarpa, Malus sp. MA-1255 and cultivars: Prima, Sir Prize, Liberty, I’dared, Jonathan 

and Winesap. These last three cultivars, after May 15, usually are not treated for apple scab. 
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