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Material and Methods
We screened 39 apple cultivars (Fig. 4), selected from a large 
collection of genetic resources, for their susceptibility or resistance 
to M.coronaria. 
1-year-old saplings were artificially inoculated under semi-controlled 
conditions. 
The development of disease symptoms was observed and assessed 
several times over more than two months.

Fig 3. Various types of symptom expression and disease development on leaves of dif-
ferent apple cultivars after challenge inoculation with M.coronaria. A and B: Blotch-like 
symptoms with large necrotic areas; C: spread of M.coronaria in a leaf, starting from 
necrotic areas, with abundant formation of acervuli; D: spots with chlorotic halo; 
E spots with necrotic area and few acervuli; F, G: spot-like symptoms with abundant 
acervuli and conidia production; H: Rosette leaf with typical Marssonina symptoms of 
net-like spread of the fungus and leaf yellowing.

Fig 2. Cultivars ‘Ohnegleichen’, ‘Chleisler’, ‘Elstar’ and ‘N31058’ (from left to right), 
70 days after challenge inoculation with conidia of M. coronaria, showing different 
degrees of defoliation due to disease development. 

Fig 1. Cultivars Schneiderapfel (left) and Rajika (right) under field conditions, Schnei-
derapfel with healthy leaves and Rajika with advanced defoliation due to infection with 
Marssonina coronaria. 

Introduction
The apple pathogen Marssonina coronaria (teleomorph: Dip-
locarpon mali) has recently become a significant problem in 
Central European organic apple production, causing dark spots 
on both the leaves and fruit, and early leaf fall.
Field observations and resistance testing under controlled conditions 
(Yin et al. 2013, Vorley et al. 2014) indicate that there are differen-
ces in resistance to M.coronaria between cultivars. (Figs. 1 & 2)

Results and discussion 
Symptoms varied largely between cultivars (Fig. 3), from small 
spots on which acervuli immediately developed to large round 
brown necrotic spots, often with one acervulus in the centre. Leaf 
fall often started in the middle of the shoot and in parallel on the 
lower, older leaves.
Even though important differences in susceptibility were observed 
(Fig. 4), no cultivar with complete resistance was identified.
The observations suggest that resistance to the disease is complex, 
and involves a number of mechanisms. 
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Rank Pkt 1-4 Rank Pkt 1-4 Sorte Rank-fleck 1-4 So
rt

e

Rank all Bonis 1-4 pkt 1 pkt 2 pkt 3 pkt 4

19.6.17 17.17 ACW17004 1 grün A 27 23.9 31 19.6.17 17.17 ACW17004 1 grün A 27 55.8 26 19.6.17 17.17 ACW17004 1 grün A 74.9 4.78 34 19.6.17 17.17 ACW17004 1 grün A 27 96.1 38 129 32.25 ACW17004 1 3.5 Sonnenwirts 1 3.5 Sonnenwirts 1 Sonnenwirts 1 9.5 Sonnenwirts 1 #REF! Brunnerapfel 2 Brunnerapfel 2 Brunnerapfel 2 Brunnerapfel 2
12.6.17 17.13 ACW17314 2 blau A 24 43.3 37 12.6.17 17.13 ACW17314 2 blau A 24 76.9 38 12.6.17 17.13 ACW17314 2 blau A 80.8 10.1 36 12.6.17 17.13 ACW17314 2 blau A 24 100.0 39 150 37.5 ACW17314 2 3.75 Brunnerapfel 2 6.25 Zimtapfel 3 Zimtapfel 3 11.5 Zimtapfel 3 #REF! Sonnenwirts 1 Sonnenwirts 1 Sonnenwirts 1 Sonnenwirts 1
16.6.17 17.16 ACW20280 3 B 26 11.7 15 16.6.17 17.16 ACW20280 3 Rot B 26 82.7 39 16.6.17 17.16 ACW20280 3 B 91.2 0.875 38 16.6.17 17.16 ACW20280 3 B 26 72.3 30 122 30.5 ACW20280 3 6.25 N82254 1 9.25 N103951 2 N103951 2 11.5 N103951 2 #REF! N82254 1 N82254 1 N82254 1 N82254 1
12.6.17 17.13 Batschueli 1 grün A 19 19.2 26 12.6.17 17.13 Batschueli 1 grün A 19 67.8 33 12.6.17 17.13 Batschueli 1 grün A 33.5 13.92 17 12.6.17 17.13 Batschueli 1 grün A 19 47.7 12 88 22 Batschueli 1 6.25 Zimtapfel 3 8 Süsser Zila 2 Süsser Zila 2 11 Süsser Zila 2 #REF! Süsser Zila 2 Süsser Zila 2 Süsser Zila 2 Süsser Zila 2
19.6.17 17.17 Boskoop 1 grün A 20 23.2 30 19.6.17 17.17 Boskoop 1 grün A 20 65.9 31 19.6.17 17.17 Boskoop 1 grün A 61.4 21.73 32 19.6.17 17.17 Boskoop 1 grün A 20 74.6 31 124 31 Boskoop 1 8 Süsser Zila 2 9.75 Guglielmo 1 Guglielmo 1 12.75 Guglielmo 1 #REF! Zimtapfel 3 Zimtapfel 3 Zimtapfel 3 Zimtapfel 3
13.6.17 17.14 Brienzer 3 blau A 25 36.3 35 13.6.17 17.14 Brienzer 3 blau A 25 65.4 30 13.6.17 17.14 Brienzer 3 blau A 74.8 16.73 33 13.6.17 17.14 Brienzer 3 blau A 25 88.6 35 133 33.25 Brienzer 3 8.25 Eierapfel 11 3 3.75 Brunnerapfel 2 Brunnerapfel 2 21.25 Brunnerapfel 2 #REF! Poc1402 2 Poc1402 2 Poc1402 2 Poc1402 2
19.6.17 17.17 Brunnerapfel 2 grün B 28 4.4 5 19.6.17 17.17 Brunnerapfel 2 grün B 28 3.3 1 19.6.17 17.17 Brunnerapfel 2 grün B 0.0 0 1 19.6.17 17.17 Brunnerapfel 2 grün B 28 30.3 8 15 3.75 Brunnerapfel 2 8.75 Nägelimalzer 1 18.75 Seegässler 4 Seegässler 4 11.25 Seegässler 4 #REF! N103951 2 N103951 2 N103951 2 N103951 2
19.6.17 17.17 Büppiapfel 2 weiss A 20 49.5 39 19.6.17 17.17 Büppiapfel 2 weiss A 20 64.7 29 19.6.17 17.17 Büppiapfel 2 weiss A 34.5 10.35 19 19.6.17 17.17 Büppiapfel 2 weiss A 20 37.7 11 98 24.5 Büppiapfel 2 9 N31058 4 6.25 N82254 1 N82254 1 26.25 N82254 1 #REF! Züsigärtner 1 Züsigärtner 1 Züsigärtner 1 Züsigärtner 1
16.6.17 17.16 Chleisler 2 grün A 24 41.2 36 16.6.17 17.16 Chleisler 2 grün A 24 70.9 34 16.6.17 17.16 Chleisler 2 grün A 53.1 24.27 28 16.6.17 17.16 Chleisler 2 grün A 24 85.2 33 131 32.75 Chleisler 2 9.25 N103951 2 13.5 Erdbeerapfel 2 Erdbeerapfel 2 7 Erdbeerapfel 2 #REF! N31058 4 N31058 4 N31058 4
16.6.17 17.16 Eierapfel 11 3 blau B 25 13.1 19 16.6.17 17.16 Eierapfel 11 3 blau B 25 13.9 8 16.6.17 17.16 Eierapfel 11 3 blau B 0.0 0 2 16.6.17 17.16 Eierapfel 11 3 blau B 25 14.5 4 33 8.25 Eierapfel 11 3 9.75 Guglielmo 1 11.75 Züsigärtner 1 Züsigärtner 1 17.25 Züsigärtner 1 #REF! ACW20280 3
16.6.17 17.16 Eierapfel 22 1 blau A 28 19.7 27 16.6.17 17.16 Eierapfel 22 1 blau A 22 72.7 36 16.6.17 17.16 Eierapfel 22 1 blau A 141.9 112.1 39 16.6.17 17.16 Eierapfel 22 1 blau A 22 56.8 17 119 29.75 Eierapfel 22 1 11.75 Züsigärtner 1 8.75 Nägelimalzer 1 Nägelimalzer 1 33 Nägelimalzer 1 #REF! Büppiapfel 2
19.6.17 17.17 Elstar 1 weiss B 27 21.8 29 19.6.17 17.17 Elstar 1 weiss B 27 47.9 23 19.6.17 17.17 Elstar 1 weiss B 43.8 7.459 25 19.6.17 17.17 Elstar 1 weiss B 27 50.4 14 91 22.75 Elstar 1 13.5 Erdbeerapfel 2 25.25 Poc1401 2 Poc1401 2 7.5 Poc1401 2 #REF! Batschueli 1 Batschueli 1
19.6.17 17.17 Empire 1 grün A 26 27.8 33 19.6.17 17.17 Empire 1 grün A 26 76.5 37 19.6.17 17.17 Empire 1 grün A 78.8 15.77 35 19.6.17 17.17 Empire 1 grün A 26 63.8 22 127 31.75 Empire 1 14.5 N82297 2 37.5 ACW17314 2 ACW17314 2 10 ACW17314 2 #REF! Poc1301 1 Poc1301 1
13.6.17 17.14 Erdbeerapfel 2 B 29 0.0 1 13.6.17 17.14 Erdbeerapfel 2 Rot B 29 24.0 11 13.6.17 17.14 Erdbeerapfel 2 B 41.8 8.051 23 13.6.17 17.14 Erdbeerapfel 2 B 29 57.9 19 54 13.5 Erdbeerapfel 2 14.5 Poc1402 2 14.5 N82297 2 N82297 2 8.75 N82297 2 #REF! Midonette 2 Midonette 2 Midonette 2
16.6.17 17.16 Gruniker 1 grün A 25 9.1 10 16.6.17 17.16 Gruniker 1 grün A 25 33.1 16 16.6.17 17.16 Gruniker 1 grün A 30.0 15.6 13 16.6.17 17.16 Gruniker 1 grün A 25 64.6 23 62 15.5 Gruniker 1 15 Midonette 2 22.75 Elstar 1 Elstar 1 24.75 Elstar 1 #REF! N2226 1 N2226 1
19.6.17 17.17 Guglielmo 1 grün A 28 6.0 7 19.6.17 17.17 Guglielmo 1 grün A 28 6.0 3 19.6.17 17.17 Guglielmo 1 grün A 7.1 5.051 8 19.6.17 17.17 Guglielmo 1 grün A 28 61.3 21 39 9.75 Guglielmo 1 15.5 Gruniker 1 15.5 Gruniker 1 Gruniker 1 16 Gruniker 1 #REF!

16.6.17 17.16 Gurwolfer 1 blau B 18 34.3 34 16.6.17 17.16 Gurwolfer 1 blau B 18 40.3 18 16.6.17 17.16 Gurwolfer 1 blau B 31.1 10.87 15 16.6.17 17.16 Gurwolfer 1 blau B 18 71.3 29 96 24 Gurwolfer 1 18.25 Poc1301 1 9 N31058 4 N31058 4 35 N31058 4 #REF! Erdbeerapfel 2 Erdbeerapfel 2 Erdbeerapfel 2
12.6.17 17.13 Kaister Feldapfel 1 grün A 27 11.6 14 12.6.17 17.13 Kaister Feldapfel 1 grün A 27 61.0 28 12.6.17 17.13 Kaister Feldapfel 1 grün A 53.7 2.919 30 12.6.17 17.13 Kaister Feldapfel 1 grün A 27 84.6 32 104 26 Kaister Feldapfel 1 18.75 Seegässler 4 32.25 ACW17004 1 ACW17004 1 7.5 ACW17004 1 #REF! Gruniker 1 Gruniker 1 Gruniker 1
14.6.17 17.15 Laterne 3 weiss B 24 25.5 32 14.6.17 17.15 Laterne 3 weiss B 24 46.1 20 14.6.17 17.15 Laterne 3 weiss B 51.4 11.95 27 14.6.17 17.15 Laterne 3 weiss B 24 90.6 37 116 29 Laterne 3 19.5 N105480 3 19.5 N105480 3 N105480 3 28.75 N105480 3 #REF! Guglielmo 1 Guglielmo 1 Guglielmo 1
13.6.17 17.14 Midonette 2 weiss B 22 20.5 28 13.6.17 17.14 Midonette 2 weiss B 22 32.4 15 13.6.17 17.14 Midonette 2 weiss B 32.0 37.72 16 13.6.17 17.14 Midonette 2 weiss B 22 7.0 1 60 15 Midonette 2 20.5 N2226 1 29 Laterne 3 Laterne 3 18.25 Laterne 3 #REF! N82297 2 N82297 2 N82297 2
19.6.17 17.17 N103951 2 blau B 25 9.6 11 19.6.17 17.17 N103951 2 blau B 25 12.9 7 19.6.17 17.17 N103951 2 blau B 7.2 5.595 9 19.6.17 17.17 N103951 2 blau B 25 37.3 10 37 9.25 N103951 2 22 Batschueli 1 8.25 Eierapfel 11 3 Eierapfel 11 3 38 Eierapfel 11 3 #REF!

19.6.17 17.17 N105480 3 grün A 19 17.2 25 19.6.17 17.17 N105480 3 grün A 19 28.1 12 19.6.17 17.17 N105480 3 grün A 39.6 28.15 21 19.6.17 17.17 N105480 3 grün A 19 58.7 20 78 19.5 N105480 3 22.75 Elstar 1 26 Kaister Feldapfel 1 Kaister Feldapfel 1 19.75 Kaister Feldapfel 1 #REF! Eierapfel 11 3 Eierapfel 11 3 Eierapfel 11 3
13.6.17 17.14 N2226 1 weiss A 21 12.9 18 19.6.17 17.17 N2226 1 weiss A 21 47.9 22 13.6.17 17.14 N2226 1 weiss A 30.9 18.51 14 13.6.17 17.14 N2226 1 weiss A 21 70.0 28 82 20.5 N2226 1 24 Gurwolfer 1 30.5 ACW20280 3 ACW20280 3 5.5 ACW20280 3 #REF! Elstar 1
16.6.17 17.16 N31058 4 blau B 22 13.4 21 16.6.17 17.16 N31058 4 blau B 22 12.7 6 16.6.17 17.16 N31058 4 blau B 4.0 5.657 7 16.6.17 17.16 N31058 4 blau B 22 8.4 2 36 9 N31058 4 24.5 Büppiapfel 2 20.5 N2226 1 N2226 1 16.5 N2226 1 #REF! Nägelimalzer 1 Nägelimalzer 1Nägelimalzer 1
13.6.17 17.14 N82254 1 blau B 22 5.8 6 13.6.17 17.14 N82254 1 blau B 22 21.8 10 13.6.17 17.14 N82254 1 blau B 2.6 3.626 6 13.6.17 17.14 N82254 1 blau B 22 13.0 3 25 6.25 N82254 1 24.75 Schorrenapfel 1 24.5 Büppiapfel 2 Büppiapfel 2 33 Büppiapfel 2 #REF! Gurwolfer 1 Gurwolfer 1
16.6.17 17.16 N82297 2 B 25 0.0 2 16.6.17 17.16 N82297 2 Rot B 25 30.7 14 16.6.17 17.16 N82297 2 B 33.9 15.38 18 16.6.17 17.16 N82297 2 B 25 65.9 24 58 14.5 N82297 2 25.25 Poc1401 2 15 Midonette 2 Midonette 2 31 Midonette 2 #REF! Seegässler 4 Seegässler 4
16.6.17 17.16 Nägelimalzer 1 grün B 25 13.3 20 16.6.17 17.16 Nägelimalzer 1 grün B 25 9.8 4 16.6.17 17.16 Nägelimalzer 1 grün B 1.4 2.05 5 16.6.17 17.16 Nägelimalzer 1 grün B 25 24.2 6 35 8.75 Nägelimalzer 1 26 Kaister Feldapfel 1 24.75 Schorrenapfel 1 Schorrenapfel 1 31.5 Schorrenapfel 1 #REF! Siebensüss 1
19.6.17 17.17 Ohnegleichen 1 grün B 20 13.5 22 19.6.17 17.17 Ohnegleichen 1 grün B 20 46.5 21 19.6.17 17.17 Ohnegleichen 1 grün B 53.7 10.25 29 19.6.17 17.17 Ohnegleichen 1 grün B 20 89.1 36 108 27 Ohnegleichen 1 26.25 Siebensüss 1 27 Ohnegleichen 1 Ohnegleichen 1 12.25 Ohnegleichen 1 #REF! N105480 3
16.6.17 17.16 Poc1301 1 blau B 25 10.0 13 16.6.17 17.16 Poc1301 1 blau B 25 48.8 24 16.6.17 17.16 Poc1301 1 blau B 39.2 13.35 20 16.6.17 17.16 Poc1301 1 blau B 25 55.9 16 73 18.25 Poc1301 1 27 Ohnegleichen 1 26.25 Siebensüss 1 Siebensüss 1 20.5 Siebensüss 1 #REF! Kaister Feldapfel 1
19.6.17 17.17 Poc1401 2 weiss A 19 15.1 23 19.6.17 17.17 Poc1401 2 weiss A 19 57.3 27 19.6.17 17.17 Poc1401 2 weiss A 50.5 38.79 26 19.6.17 17.17 Poc1401 2 weiss A 19 66.3 25 101 25.25 Poc1401 2 29 Laterne 3 18.25 Poc1301 1 Poc1301 1 31.5 Poc1301 1 #REF!

19.6.17 17.17 Poc1402 2 grün B 22 12.1 17 19.6.17 17.17 Poc1402 2 grün B 22 35.9 17 19.6.17 17.17 Poc1402 2 grün B 24.5 7.674 11 19.6.17 17.17 Poc1402 2 grün B 22 49.2 13 58 14.5 Poc1402 2 29.75 Eierapfel 22 1 22 Batschueli 1 Batschueli 1 30.5 Batschueli 1 #REF!

13.6.17 17.14 Schorrenapfel 1 weiss A 32 16.9 24 13.6.17 17.14 Schorrenapfel 1 weiss A 32 49.7 25 13.6.17 17.14 Schorrenapfel 1 weiss A 42.7 30.63 24 13.6.17 17.14 Schorrenapfel 1 weiss A 32 66.9 26 99 24.75 Schorrenapfel 1 30.5 ACW20280 3 31.75 Empire 1 Empire 1 23.5 Empire 1 #REF!

19.6.17 17.17 Seegässler 4 weiss B 24 11.9 16 19.6.17 17.17 Seegässler 4 weiss B 24 40.5 19 19.6.17 17.17 Seegässler 4 weiss B 39.8 8.782 22 19.6.17 17.17 Seegässler 4 weiss B 24 57.0 18 75 18.75 Seegässler 4 31 Boskoop 1 33.25 Brienzer 3 Brienzer 3 17.75 Brienzer 3 #REF!

13.6.17 17.14 Siebensüss 1 blau B 27 9.7 12 13.6.17 17.14 Siebensüss 1 blau B 27 71.9 35 13.6.17 17.14 Siebensüss 1 blau B 58.6 34.02 31 13.6.17 17.14 Siebensüss 1 blau B 27 68.2 27 105 26.25 Siebensüss 1 31.75 Empire 1 31 Boskoop 1 Boskoop 1 19.25 Boskoop 1 #REF!

13.6.17 17.14 Sonnenwirts 1 grün B 19 2.1 3 13.6.17 17.14 Sonnenwirts 1 grün B 19 4.0 2 13.6.17 17.14 Sonnenwirts 1 grün B 1.3 1.886 4 13.6.17 17.14 Sonnenwirts 1 grün B 19 19.0 5 14 3.5 Sonnenwirts 1 32.25 ACW17004 1 24 Gurwolfer 1 Gurwolfer 1 25.75 Gurwolfer 1 #REF!

19.6.17 17.17 Süsser Zila 2 blau B 28 2.6 4 19.6.17 17.17 Süsser Zila 2 blau B 28 17.1 9 19.6.17 17.17 Süsser Zila 2 blau B 26.7 16.58 12 19.6.17 17.17 Süsser Zila 2 blau B 28 25.9 7 32 8 Süsser Zila 2 32.75 Chleisler 2 29.75 Eierapfel 22 1 Eierapfel 22 1 20.25 Eierapfel 22 1 #REF!

19.6.17 17.17 Topaz 2 grün A 25 43.5 38 19.6.17 17.17 Topaz 2 grün A 25 67.4 32 19.6.17 17.17 Topaz 2 grün A 86.3 20.54 37 19.6.17 17.17 Topaz 2 grün A 25 87.6 34 141 35.25 Topaz 2 33.25 Brienzer 3 14.5 Poc1402 2 Poc1402 2 35.25 Poc1402 2 #REF!

14.6.17 17.15 Zimtapfel 3 weiss A 19 6.3 8 14.6.17 17.15 Zimtapfel 3 weiss A 19 11.2 5 14.6.17 17.15 Zimtapfel 3 weiss A 0.0 0 3 14.6.17 17.15 Zimtapfel 3 weiss A 19 36.8 9 25 6.25 Zimtapfel 3 35.25 Topaz 2 32.75 Chleisler 2 Chleisler 2 18.25 Chleisler 2 #REF!

12.6.17 17.13 Züsigärtner 1 grün A 27 7.7 9 12.6.17 17.13 Züsigärtner 1 grün A 27 29.9 13 12.6.17 17.13 Züsigärtner 1 grün A 11.7 16.5 10 12.6.17 17.13 Züsigärtner 1 grün A 27 50.9 15 47 11.75 Züsigärtner 1 37.5 ACW17314 2 35.25 Topaz 2 Topaz 2 21.25 Topaz 2 #REF!
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Sorte Rank-fleck 1-4

ACW17004 1 2.5 19 ACW17004 11.3 9 ACW17004 1 0.0 0 1 ACW17004 1 0.0 1 30 7.5 ACW20280 3 5.5

ACW17314 2 4.2 32 ACW17314 20.0 1 ACW17314 2 0.0 0 2 ACW17314 2 5.6 5 40 10 Erdbeerapfel 2 7

ACW20280 3 0.0 1 ACW20280 30.0 2 ACW20280 3 0.0 0 3 ACW20280 3 21.8 16 22 5.5 ACW17004 1 7.5

Batschueli 1 1.8 13 Batschueli 123.1 33 Batschueli 1 67.8 26 38 Batschueli 1 97.8 38 122 30.5 Poc1401 2 7.5

Boskoop 1 0.0 2 Boskoop 113.2 27 Boskoop 1 22.4 18 26 Boskoop 1 36.5 22 77 19.25 N82297 2 8.75

Brienzer 3 2.6 21 Brienzer 3 4.1 15 Brienzer 3 10.8 5.1 15 Brienzer 3 24.3 20 71 17.75 Sonnenwirts 1 9.5

Brunnerapfel 2 1.2 9 Brunnerapfel 27.1 22 Brunnerapfel 2 27.8 13 28 Brunnerapfel 2 44.2 26 85 21.25 ACW17314 2 10

Büppiapfel 2 2.9 24 Büppiapfel 242.1 37 Büppiapfel 2 55.7 11 36 Büppiapfel 2 78.2 35 132 33 Süsser Zila 2 11

Chleisler 2 0.0 3 Chleisler 2 6.9 21 Chleisler 2 16.0 16 20 Chleisler 2 61.9 29 73 18.25 Seegässler 4 11.25

Eierapfel 11 3 12.5 39 Eierapfel 11 348.8 39 Eierapfel 11 3 65.7 11 37 Eierapfel 11 3 86.9 37 152 38 N103951 2 11.5

Eierapfel 22 1 2.3 15 Eierapfel 22 13.6 14 Eierapfel 22 1 20.2 21 24 Eierapfel 22 1 45.7 28 81 20.25 Zimtapfel 3 11.5

Elstar 1 9.0 38 Elstar 1 12.9 26 Elstar 1 22.3 17 25 Elstar 1 12.5 10 99 24.75 Ohnegleichen 1 12.25

Empire 1 4.3 33 Empire 1 5.8 18 Empire 1 15.8 14 18 Empire 1 43.1 25 94 23.5 Guglielmo 1 12.75

Erdbeerapfel 2 0.0 4 Erdbeerapfel 20.0 3 Erdbeerapfel 2 1.2 1.7 7 Erdbeerapfel 2 18.7 14 28 7 Gruniker 1 16

Gruniker 1 0.0 5 Gruniker 1 5.3 16 Gruniker 1 15.9 6.5 19 Gruniker 1 40.3 24 64 16 N2226 1 16.5

Guglielmo 1 2.4 16 Guglielmo 11.2 8 Guglielmo 1 10.7 7.7 14 Guglielmo 1 16.0 13 51 12.75 Züsigärtner 1 17.25

Gurwolfer 1 1.2 8 Gurwolfer 117.0 30 Gurwolfer 1 36.9 20 32 Gurwolfer 1 71.3 33 103 25.75 Brienzer 3 17.75

Kaister Feldapfel 1 2.8 22 Kaister Feldapfel 16.0 20 Kaister Feldapfel 1 11.2 8.2 16 Kaister Feldapfel 130.2 21 79 19.75 Chleisler 2 18.25

Laterne 3 2.8 23 Laterne 3 5.9 19 Laterne 3 9.7 2 12 Laterne 3 23.5 19 73 18.25 Laterne 3 18.25

Midonette 2 3.2 27 Midonette 214.5 28 Midonette 2 38.0 2.1 33 Midonette 2 84.4 36 124 31 Boskoop 1 19.25

N103951 2 4.1 31 N103951 20.0 4 N103951 2 0.0 0 4 N103951 2 7.4 7 46 11.5 Kaister Feldapfel 1 19.75

N105480 3 3.3 28 N105480 317.2 31 N105480 3 28.0 12 29 N105480 3 45.3 27 115 28.75 Eierapfel 22 1 20.25

N2226 1 1.6 11 N2226 1 7.7 23 N2226 1 11.9 4.5 17 N2226 1 20.5 15 66 16.5 Siebensüss 1 20.5

N31058 4 6.3 37 N31058 4 27.8 36 N31058 4 49.2 11 35 N31058 4 67.5 32 140 35 Brunnerapfel 2 21.25

N82254 1 3.0 26 N82254 1 14.7 29 N82254 1 24.2 14 27 N82254 1 36.6 23 105 26.25 Topaz 2 21.25

N82297 2 1.6 12 N82297 2 3.2 13 N82297 2 7.6 8.1 8 N82297 2 0.0 2 35 8.75 Empire 1 23.5

Nägelimalzer 1 4.0 30 Nägelimalzer 124.6 34 Nägelimalzer 1 42.8 9.7 34 Nägelimalzer 1 74.7 34 132 33 Elstar 1 24.75

Ohnegleichen 1 5.9 36 Ohnegleichen 10.0 5 Ohnegleichen 1 0.0 0 5 Ohnegleichen 1 0.0 3 49 12.25 Gurwolfer 1 25.75

Poc1301 1 3.8 29 Poc1301 125.6 35 Poc1301 1 35.0 12 31 Poc1301 1 64.6 31 126 31.5 N82254 1 26.25

Poc1401 2 1.8 14 Poc1401 2 0.0 6 Poc1401 2 0.0 0 6 Poc1401 2 0.0 4 30 7.5 N105480 3 28.75

Poc1402 2 3.0 25 Poc1402 242.7 38 Poc1402 2 91.9 13 39 Poc1402 2 100.0 39 141 35.25 Batschueli 1 30.5

Schorrenapfel 1 4.4 34 Schorrenapfel 122.7 32 Schorrenapfel 1 33.6 12 30 Schorrenapfel 1 62.2 30 126 31.5 Midonette 2 31

Seegässler 4 2.4 17 Seegässler 41.4 11 Seegässler 4 7.8 3.1 9 Seegässler 4 8.5 8 45 11.25 Poc1301 1 31.5

Siebensüss 1 2.4 18 Siebensüss 18.4 24 Siebensüss 1 17.1 14 22 Siebensüss 1 22.1 18 82 20.5 Schorrenapfel 1 31.5

Sonnenwirts 1 0.0 6 Sonnenwirts 12.1 12 Sonnenwirts 1 9.6 2.4 11 Sonnenwirts 1 8.8 9 38 9.5 Büppiapfel 2 33

Süsser Zila 2 0.0 7 Süsser Zila 20.0 7 Süsser Zila 2 9.8 8.4 13 Süsser Zila 2 21.9 17 44 11 Nägelimalzer 1 33

Topaz 2 4.5 35 Topaz 2 5.5 17 Topaz 2 16.1 6.6 21 Topaz 2 15.8 12 85 21.25 N31058 4 35

Zimtapfel 3 2.6 20 Zimtapfel 31.3 10 Zimtapfel 3 8.0 4.8 10 Zimtapfel 3 6.3 6 46 11.5 Poc1402 2 35.25

Züsigärtner 1 1.2 10 Züsigärtner 111.3 25 Züsigärtner 1 18.8 6 23 Züsigärtner 1 12.8 11 69 17.25 Eierapfel 11 3 38
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Sonnenwirts 1 0.0 0 0.0 0 3.1 1.5 Sonnenwirts 1 ACW17004 1 7.9 8.6877 20 ACW17004 1 28.1 21 20.5 ACW17004 1 1.5 Sonnenwirts 1 Sonnenwirts 1 3.1 1 Sonnenwirts 1 Sonnenwirts 1 N103951 1.3 1.8 4.2 17.002331 15.2393495

N103951 2 1.3 1.81309 2.6 3.6262 4.2 4 N103951 2 ACW17314 2 1.4 2.0496 4 ACW17314 2 13.2 9 6.5 ACW17314 2 4 N103951 2 N103951 2 4.2 2 N103951 2 N103951 2 ACW17314 1.4 2 13.2 21.9870328 8.40219183

N82254 1 4.5 6.42824 4.5 6.4282 4.3 5.5 Zimtapfel 3 ACW20280 3 9.1 3.0987 24 ACW20280 3 51.1 35 29.5 ACW20280 3 5.5 Zimtapfel 3 N82254 1 4.3 3 N82254 1 N82254 1 N82254 4.5 6.4 4.3 22.8438228 18.5574725

Brunnerapfel 2 3.5 2.91822 4.7 4.4769 4.9 6.5 ACW17314 2 Batschueli 1 17.7 3.2346 31 Batschueli 1 24.6 16 23.5 Batschueli 1 6.5 ACW17314 2 Brunnerapfel 2 4.9 4 Brunnerapfel 2 Brunnerapfel 2 Sonnenwirts 0.0 0 3.1 25.5964912 8.26168646

Elstar 1 7.0 9.92431 7.0 9.9243 6.3 6.5 N82254 1 Boskoop 1 14.8 4.2784 29 Boskoop 1 39.5 31 30 Boskoop 1 6.5 N82254 1 Elstar 1 6.3 5 Elstar 1 Elstar 1 Zimtapfel 0.0 0 12.7 28.1481481 19.9862779

Seegässler 4 2.8 3.92837 2.8 3.9284 11.5 6.5 Seegässler 4 Brienzer 3 8.0 5.6795 21 Brienzer 3 45.4 34 27.5 Brienzer 3 6.5 Seegässler 4 Seegässler 4 11.5 6 Seegässler 4 Seegässler 4 Elstar 7.0 9.9 6.3 28.7376691 9.96701994

Büppiapfel 2 4.3 6.14875 7.2 10.248 11.6 7.5 Brunnerapfel 2 Brunnerapfel 2 4.7 4.4769 11 Brunnerapfel 2 4.9 4 7.5 Brunnerapfel 2 7.5 Brunnerapfel 2 Büppiapfel 2 11.6 7 Büppiapfel 2 Büppiapfel 2 N105480 1.8 2.5 22.6 32.6649958 9.86576304

Zimtapfel 3 0.0 0 1.2 1.7459 12.7 8.5 Guglielmo 1 Büppiapfel 2 7.2 10.248 19 Büppiapfel 2 11.6 7 13 Büppiapfel 2 8.5 Guglielmo 1 Zimtapfel 3 12.7 8 Zimtapfel 3 Zimtapfel 3 Brunnerapfel 3.5 2.9 4.9 35.643739 8.74754651

ACW17314 2 1.4 2.04958 1.4 2.0496 13.2 9 Süsser Zila 2 Chleisler 2 49.1 23.749 39 Chleisler 2 62.8 38 38.5 Chleisler 2 9 Süsser Zila 2 ACW17314 2 13.2 9 ACW17314 2 ACW17314 2 Züsigärtner 9.3 6.9 22.2 38.3377425 5.66428346

Süsser Zila 2 4.0 3.144 4.0 3.144 15.9 9.5 Nägelimalzer 1 Eierapfel 11 3 4.1 3.0649 9 Eierapfel 11 3 33.8 27 18 Eierapfel 11 3 9.5 Nägelimalzer 1 Süsser Zila 2 15.9 10 Süsser Zila 2 Süsser Zila 2 Schorrenapfel 4.8 6.7 17.2 39.7849462 25.0072252

Schorrenapfel 1 4.8 6.73435 7.1 10.102 17.2 10.5 Elstar 1 Eierapfel 22 1 32.8 34.954 37 Eierapfel 22 1 55.4 37 37 Eierapfel 22 1 10.5 Elstar 1 Schorrenapfel 1 17.2 11 Schorrenapfel 1 Schorrenapfel 1 Seegässler 2.8 3.9 11.5 40.2777778 5.87917952

Guglielmo 1 0.0 0 2.4 1.6836 20.2 13 Büppiapfel 2 Elstar 1 7.0 9.9243 16 Elstar 1 6.3 5 10.5 Elstar 1 13 Büppiapfel 2 Guglielmo 1 20.2 12 Guglielmo 1 Guglielmo 1 N31058 7.1 7 24.0 41.1560045 15.2193601

Züsigärtner 1 9.3 6.929 10.5 7.4587 22.2 13 N105480 3 Empire 1 8.1 5.6149 22 Empire 1 26.7 20 21 Empire 1 13 N105480 3 Züsigärtner 1 22.2 13 Züsigärtner 1 Züsigärtner 1 Eierapfel 11 2.5 3.5 33.8 41.6296296 9.90711318

N105480 3 1.8 2.48108 5.3 4.2974 22.6 14.5 Schorrenapfel 1 Erdbeerapfel 2 9.2 1.4351 25 Erdbeerapfel 2 36.8 28 26.5 Erdbeerapfel 2 14.5 Schorrenapfel 1 N105480 3 22.6 14 N105480 3 N105480 3 Süsser Zila 4.0 3.1 15.9 41.8803419 13.611631

N31058 4 7.1 7.03454 7.1 7.0345 24.0 16 N31058 4 Gruniker 1 17.1 14.204 30 Gruniker 1 31.4 26 28 Gruniker 1 16 N31058 4 N31058 4 24.0 15 N31058 4 N31058 4 Poc1301 7.7 2.9 31.0 42.5185185 13.4529613

Batschueli 1 9.0 5.43875 17.7 3.2346 24.6 16.5 Laterne 3 Guglielmo 1 2.4 1.6836 5 Guglielmo 1 20.2 12 8.5 Guglielmo 1 16.5 Laterne 3 Batschueli 1 24.6 16 Batschueli 1 Batschueli 1 Kaister Feldapfel 1.2 1.7 31.0 46.2962963 9.44262873

Siebensüss 1 10.8 8.75018 18.0 7.6372 25.3 18 Eierapfel 11 3 Gurwolfer 1 21.7 10.342 34 Gurwolfer 1 38.7 30 32 Gurwolfer 1 18 Eierapfel 11 3 Siebensüss 1 25.3 17 Siebensüss 1 Siebensüss 1 Gruniker 11.4 8 31.4 48.057971 5.69828829

Nägelimalzer 1 0.0 0 0.0 0 25.8 18.5 Kaister Feldapfel 1 Kaister Feldapfel 1 6.1 4.5974 13 Kaister Feldapfel 131.0 24 18.5 Kaister Feldapfel 1 18.5 Kaister Feldapfel 1 Nägelimalzer 1 25.8 18 Nägelimalzer 1 Nägelimalzer 1 Midonette 6.4 4.5 30.6 49.8484848 3.89838798

Laterne 3 5.3 7.44323 6.7 6.6813 25.8 18.5 Poc1401 2 Laterne 3 6.7 6.6813 14 Laterne 3 25.8 19 16.5 Laterne 3 18.5 Poc1401 2 Laterne 3 25.8 19 Laterne 3 Laterne 3 Batschueli 9.0 5.4 24.6 52.4561404 5.44142541

Empire 1 2.7 3.77124 8.1 5.6149 26.7 20 Züsigärtner 1 Midonette 2 9.5 6.7726 26 Midonette 2 30.6 23 24.5 Midonette 2 20 Züsigärtner 1 Empire 1 26.7 20 Empire 1 Empire 1 Siebensüss 10.8 8.8 25.3 52.8659612 15.6749597

ACW17004 1 4.0 5.65685 7.9 8.6877 28.1 20.5 ACW17004 1 N103951 2 2.6 3.6262 6 N103951 2 4.2 2 4 N103951 2 20.5 ACW17004 1 ACW17004 1 28.1 21 ACW17004 1 ACW17004 1 N82297 5.3 4.6 40.3 53.5661376 3.98884253

Poc1401 2 1.7 2.35702 6.7 9.4281 28.6 21 Empire 1 N105480 3 5.3 4.2974 12 N105480 3 22.6 14 13 N105480 3 21 Empire 1 Poc1401 2 28.6 22 Poc1401 2 Poc1401 2 Poc1401 1.7 2.4 28.6 55.9649123 8.27821104

Midonette 2 6.4 4.51505 9.5 6.7726 30.6 23.5 Batschueli 1 N2226 1 10.8 7.8162 28 N2226 1 43.0 33 30.5 N2226 1 23.5 Batschueli 1 Midonette 2 30.6 23 Midonette 2 Midonette 2 Nägelimalzer 0.0 0 25.8 56.173913 0.24595018

Kaister Feldapfel 1 1.2 1.74594 6.1 4.5974 31.0 24 Poc1301 1 N31058 4 7.1 7.0345 17 N31058 4 24.0 15 16 N31058 4 24 Poc1301 1 Kaister Feldapfel 131.0 24 Kaister Feldapfel 1 Kaister Feldapfel 1 Eierapfel 22 21.3 21 55.4 56.7877046 12.2850844

Poc1301 1 7.7 2.91065 9.0 3.5802 31.0 24.5 Midonette 2 N82254 1 4.5 6.4282 10 N82254 1 4.3 3 6.5 N82254 1 24.5 Midonette 2 Poc1301 1 31.0 25 Poc1301 1 Poc1301 1 Guglielmo 0.0 0 20.2 57.1428571 5.83211844

Gruniker 1 11.4 8.03299 17.1 14.204 31.4 25 Siebensüss 1 N82297 2 18.0 19.106 32 N82297 2 40.3 32 32 N82297 2 25 Siebensüss 1 Gruniker 1 31.4 26 Gruniker 1 Gruniker 1 Büppiapfel 4.3 6.1 11.6 58.4782609 10.1702582

Eierapfel 11 3 2.5 3.49189 4.1 3.0649 33.8 26.5 Erdbeerapfel 2 Nägelimalzer 1 0.0 0 1 Nägelimalzer 125.8 18 9.5 Nägelimalzer 1 26.5 Erdbeerapfel 2 Eierapfel 11 3 33.8 27 Eierapfel 11 3 Eierapfel 11 3 ACW17004 4.0 5.7 28.1 59.5061728 6.05819464

Erdbeerapfel 2 3.3 4.71405 9.2 1.4351 36.8 27.5 Brienzer 3 Ohnegleichen 1 23.7 12.594 35 Ohnegleichen 137.8 29 32 Ohnegleichen 1 27.5 Brienzer 3 Erdbeerapfel 2 36.8 28 Erdbeerapfel 2 Erdbeerapfel 2 Boskoop 9.9 4.2 39.5 62.5396825 11.3127954

Ohnegleichen 1 19.1 14.4264 23.7 12.594 37.8 28 Gruniker 1 Poc1301 1 9.0 3.5802 23 Poc1301 1 31.0 25 24 Poc1301 1 28 Gruniker 1 Ohnegleichen 1 37.8 29 Ohnegleichen 1 Ohnegleichen 1 Gurwolfer 11.8 1.3 38.7 64.2616643 19.316317

Gurwolfer 1 11.8 1.29413 21.7 10.342 38.7 29.5 ACW20280 3 Poc1401 2 6.7 9.4281 15 Poc1401 2 28.6 22 18.5 Poc1401 2 29.5 ACW20280 3 Gurwolfer 1 38.7 30 Gurwolfer 1 Gurwolfer 1 Empire 2.7 3.8 26.7 66.6845039 19.696713

Boskoop 1 9.9 4.18006 14.8 4.2784 39.5 30 Boskoop 1 Poc1402 2 48.4 12.197 38 Poc1402 2 69.6 39 38.5 Poc1402 2 30 Boskoop 1 Boskoop 1 39.5 31 Boskoop 1 Boskoop 1 ACW20280 6.6 3.2 51.1 71.5303215 5.0599989

N82297 2 5.3 4.55149 18.0 19.106 40.3 30.5 N2226 1 Schorrenapfel 1 7.1 10.102 18 Schorrenapfel 117.2 11 14.5 Schorrenapfel 1 30.5 N2226 1 N82297 2 40.3 32 N82297 2 N82297 2 N2226 4.6 3.7 43.0 72.2462722 19.9740916

N2226 1 4.6 3.71275 10.8 7.8162 43.0 32 Gurwolfer 1 Seegässler 4 2.8 3.9284 7 Seegässler 4 11.5 6 6.5 Seegässler 4 32 Gurwolfer 1 N2226 1 43.0 33 N2226 1 N2226 1 Erdbeerapfel 3.3 4.7 36.8 73.5030104 2.27291387

Brienzer 3 0.0 0 8.0 5.6795 45.4 32 N82297 2 Siebensüss 1 18.0 7.6372 33 Siebensüss 1 25.3 17 25 Siebensüss 1 32 N82297 2 Brienzer 3 45.4 34 Brienzer 3 Brienzer 3 Topaz 23.5 14 52.8 74.3549784 10.1593828

ACW20280 3 6.6 3.23059 9.1 3.0987 51.1 32 Ohnegleichen 1 Sonnenwirts 1 0.0 0 2 Sonnenwirts 1 3.1 1 1.5 Sonnenwirts 1 32 Ohnegleichen 1 ACW20280 3 51.1 35 ACW20280 3 ACW20280 3 Chleisler 34.2 17 62.8 78.7698413 17.4986052

Topaz 2 23.5 14.0539 29.7 10.143 52.8 36 Topaz 2 Süsser Zila 2 4.0 3.144 8 Süsser Zila 2 15.9 10 9 Süsser Zila 2 36 Topaz 2 Topaz 2 52.8 36 Topaz 2 Topaz 2 Laterne 5.3 7.4 25.8 79.8245614 15.2229422

Eierapfel 22 1 21.3 21.085 23.8 22.595 55.4 37 Eierapfel 22 1 Topaz 2 29.7 10.143 36 Topaz 2 52.8 36 36 Topaz 2 37 Eierapfel 22 1 Eierapfel 22 1 55.4 37 Eierapfel 22 1 Eierapfel 22 1 Poc1402 40.7 14 69.6 81.5829098 7.18428005

Chleisler 2 34.2 16.8134 49.1 23.749 62.8 38.5 Chleisler 2 Zimtapfel 3 1.2 1.7459 3 Zimtapfel 3 12.7 8 5.5 Zimtapfel 3 38.5 Chleisler 2 Chleisler 2 62.8 38 Chleisler 2 Chleisler 2 Brienzer 0.0 0 45.4 86.8205128 11.4896975

Poc1402 2 40.7 13.8804 46.8 11.875 69.6 38.5 Poc1402 2 Züsigärtner 1 10.5 7.4587 27 Züsigärtner 1 22.2 13 20 Züsigärtner 1 38.5 Poc1402 2 Poc1402 2 69.6 39 Poc1402 2 Poc1402 2 Ohnegleichen 19.1 14 37.8 91.5384615 3.32345677
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Fig 4. Percentage of Marssonina leaf drop for 39 cultivars or accession numbers of apple cultivars at three dates of disease assessment. 

 


