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Abstract - Improved prevention and control of apple scab caused by Venturia inaequalis without the use of copper is the aim of this project. Twenty potential new compounds were tested in a field trial in a single season. One compound was found to reduce apple scab infections significantly. The research continues in 2006 and 2007.

Introduction

 The disease apple scab, caused by the fungal pathogen Venturia inaequalis, is a major constraint to the production of quality fruit in organic apple growing. In the want of good alternatives, organic apple growers are still much dependent on sulphur, lime sulphur and copper-containing products to control the disease. As copper-containing products have good efficacy under cool conditions they are frequently used at the beginning of the season. Copper, however, has some negative environmental effects and the European Union (EU) is seeking to reduce the use of copper-containing products (Council Regulation 2092/91, Annex II), and has funded the work presented here, which is part of the Repco-project. New compounds are screened for the control of apple scab under controlled environmental conditions (Bengtsson et al. 2006), then examined in small scale field experiments and finally tested in a standard organic treatment schedule. This paper presents the results from the first small scale field experiment carried out in 2005.
Material and Methods

A field experiment was carried out in 2005 at the Danish Institute of Agricultural Sciences, Research Centre Aarslev, Denmark, during 5 weeks in the main period of ascospore discharge. The experiment was done on Jonagold (Malus x domestica Borkh.) on M 9 rootstock, pruned as slender spindles. The trees were planted in a single row with every 11th tree as the pollinator, Discovery. The trees were planted in 1999 at a planting distance of 3.5 x 1.3 m. Treatments were applied with a specially built tunnel sprayer mounted with 8 Tee-jet 110-02 noozles, with a volume of 1000 litre ha. Observations were made only on Jonagold, which is highly susceptible to apple scab. Experiments were done according to EPPO-Guidelines 1/5 (3). Twenty compounds were selected among the best in plant assays (Bengtsson et al. 2006), and tested in a randomized block trial with 5 replicates. Each plot consisted of 5 trees. Observations were made on the three middle trees of each plot. The bordering trees served as a buffer between neighbouring treatments. 

Treatments were carried out at 3 – 5 day intervals. A total of 10 applications were made on the following dates: 3/5 – 6/5 – 9/5 – 13/5 – 18/5 – 21/5 – 24/5 – 27/5 – 31/5 – 3/6 in 2005. For all treatments 4 kg/ha  Kumulus S (Sulphur 80%) was applied weekly for apple scab control from green tip on 1/4 until the start of the trial period (3/5)and again after the finish of the trial period (3/6) and until the beginning of September. Treatments and dose rates are listed in table 1. 

Disease assessments were made on leaves and fruits on the three middle trees of each plot. For leaf assessment, 100 spur leaf clusters from at least 10 clusters were recorded on 7th June. Leaf scab was also examined on 200 leaves on at least 20 extension shoots on 12th July. The incidence of infected leaves was calculated as the percentage of leaves diseased. The severity was expressed as the mean number of lesions per leaf. Percentage of diseased fruits was assessed on the 25th October. Incidence of diseased fruits was calculated as the percentage of fruit with scab lesions. The fruit were also assessed according to the following scale: 0 = no attack, 1 = <0,25cm2 lesions per fruit, 2 = < 1 cm2 lesions per fruit and 3 = >1cm2 lesions per fruit. The severity of the scab infection (Table 2) was expressed using the severity index of Townsend & Heubergers (1943). The amount of russeting of the fruit was measured on 25th October. The fruits were assessed according to the following scale: 0= no russeting 1= 1-10%, 2= 11-50%, 3= 51-100% russeted and cracked fruits. Russeting was expressed as % fruits with russeting (table 2).

Results and discussion
Apple scab infections were severe in 2005. The strategy of using sulphur 4 kg/ha Kumulus S (Sulphur 80%) weekly to control apple scab in the period before and after testing of the new compounds resulted in severe infections. 

Compound E73 gave the best apple scab control on leaves on spurs and extension shoots in 2005 (Table 1). Copper oxychloride, rapeseed oil, sulphur and E73a also had an effect on apple scab on leaves (Table 1).
Table 1. Effect of treatments on incidence of leaf scab and phytotoxicity in 2005.

	Treatment
	Dose

rate 

%
	Spur 

leaves

with scab 

%
	Extension 

shoot

leaves 

with scab 

%
	Phyto-

toxicity 

on 

leaves

	
	
	7 June
	12 July
	9 June

	Untreated
	.
	36.8 a
	62.3 a
	1.2 d

	Copper-

oxychloride
	0.02
	10.0 bc
	24.1 e
	1.5 bcd

	Kumulus S 
	0.4
	5.9 bc
	32.0 cde
	1.9 abcd

	Rapeseed oil
	2.0
	5.9 bc
	29.3 de
	2.1 abcd

	S 12 
	0.1
	20.1 abc
	53.0 ab
	1.8 abcd

	E20 
	2.5
	9.7 bc
	52.9 ab
	2.5 ab

	E19 
	5.0
	14.1 bc
	48.0 ab
	2.0 abcd

	E23
	2.5
	9.4 bc
	45.5 abc
	2.5 ab

	E23 
	5.0
	7.7 bc
	42.4 bcd
	2.4 abc

	E32 
	5.0
	16.8 bc
	53.3 ab
	1.4 cd

	E52 
	2.5
	9.4 bc
	43.1 bcd
	2.6 a

	E52 
	5.0
	10.2 bc
	42.3 bcd
	2.0 abcd

	E61 
	5.0
	18.1 abc
	55.3 ab
	1.3 d

	E62 
	5.0
	8.9 bc
	51.1 ab
	1.8 abcd

	E63 
	5.0
	12.2 bc
	50.9 ab
	1.9 abcd

	E66 
	5.0
	17.8 abc
	50.9 ab
	2.0 abcd

	E67 
	5.0
	27.1 ab
	50.3 ab
	1.2 d

	E68 
	2.5
	16.3 bc
	48.6 ab
	1.8 abcd

	E69 
	5.0
	10.5 bc
	53.9 ab
	1.4 cd

	E71 
	5.0
	21.8 abc
	56.3 ab
	2.2 abcd

	E73 a 
	0.75
	4.9 bc
	38.5 bcd
	2.2 abcd

	E73  
	2.5
	2.2 c
	12.3 f
	2.4 abc

	V100 
	5.0
	19.3 abc
	52.6 ab
	1.3 d


Means followed by the same letter do not significantly differ (P=0.05, Student-Newman-Keuls)
Apple scab infections on fruits were generally very severe. Untreated fruits were 100 % infected. Only treatment with compound E73 had a significantly lower percentage of infected fruits compared to the control (Table 2). Infections were significantly lower than for the two control treatments, copper oxychloride and sulphur (Table 2). Significantly more fruit russeting was only observed for compound E52 (Table 2). 

Only three out of 20 compounds showed an efficacy against apple scab comparable or better than the standard treatments of sulphur or copper. The effective materials were rapeseed oil and compounds coded E73 and E73a. In other cases a marked contrast was noted between the high efficacy of most compounds in the screening carried out under controlled environmental conditions (plant assay) (Bengtsson et al. 2006), and their efficacies under orchard conditions. It is suggested that break down of compounds by ultra violet radiation from sun light or wash off by rain might be responsible for this lost of effect. The research continues in 2006 and 2007.
Conclusions

Substantial progress is made in selection of potential compounds with good efficacy against summer epidemics of apple scab. As mentioned elsewhere (Heijne et al. 2006), a patent application is under investigation for E73.   
Table 2. Effect of treatments on incidence of fruit scab and fruit russeting in 2005.

	Treatment
	Dose

rate 

%
	Fruits
with scab 

%
	% fruits with russeting

	
	
	25 October
	25 October 

	Untreated
	.
	100.0 a
	6.1 b

	Copper-

oxychloride
	0.02
	89.3 a
	7.1 b

	Kumulus S 
	0.4
	86.9 a
	0.0 b

	Rapeseed oil
	2.0
	85.9 a
	4.8 b

	S 12 
	0.1
	99.2 a
	0.0 b

	E20  
	2.5
	100.0 a
	0.7 b

	E19 
	5.0
	99.3 a
	1.5 b

	E23
	2.5
	99.2 a
	1.9 b

	E23 
	5.0
	99.3 a
	6.0 b

	E32 
	5.0
	99.3 a
	1.9 b

	E52 
	2.5
	99.3 a
	3.0 b

	E52 
	5.0
	99.3 a
	14.3 a

	E61 
	5.0
	100.0 a
	0.7 b

	E62 
	5.0
	100.0 a
	3.3 b

	E63 
	5.0
	98.4 a
	0.7 b

	E66 
	5.0
	100.0 a
	0.7 b

	E67 
	5.0
	98.2 a
	2.6 b

	E68 
	2.5
	98.7 a
	0.0 b

	E69 
	5.0
	100.0 a
	0.7 b

	E71 
	5.0
	100.0 a
	0.0 b

	E73 a 
	0.75
	93.1 a
	6.1 b

	E73  
	2.5
	69.1 b
	1.3 b

	V100 
	5.0
	100.0 a
	0.0 b


Means followed by the same letter do not significantly differ (P=0.05, Student-Newman-Keuls)
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