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Abstract

The aim of this study was to evaluate the efficacy of old and new copper formulations to control downy mildew Plasmopara viticola (Berk. et Curtis) Berl. et. De Toni). Field trials were carried out over the years 2002, 2004 and 2005 in a grapevine  growing area in the Po Valley with a high disease pressure. Among the traditional copper formulations, hydroxide-based products gave the best results. Other new copper formulations, including foliar fertilizers, simple adjuvants and resistance inducers were evaluated. In particular, resistance inducers with a low percentage of copper gave promising results even though some of them show some phytotoxic problems.
Introduction

Due to the EU Regulation n.473/2002, the limitation of 6 kg/ha of copper that can be distributed in the environment, led to change the downy mildew (Plasmopara viticola (Berk. et Curtis) Berl. et. De Toni). control on grapevine (Vitis vinifera) in organic farming, particularly in the north of Italy where the disease pressure in some years is very high (Scannavini et al., 2000; Pontiroli et al., 2001; Cravero et al., 2002: Sancassani & Rho, 2002). The efficacy evaluation of reduced dosage of copper formulations along with new alternative copper-based products permitted in organic farming, was needed. In this paper, field trials located in a grapevine growing area with a high disease pressure, over three years, is presented. 

Materials and methods

Trials were carried out over the years 2002, 2004, 2005 in a commercial organic farm located in Castelfranco Emilia (Italy) on vines cv Lambrusco Grasparossa of 6 years old, and vine density 3.5 x 2 m. Trials were set up following a randomized block design with 4 replicates and 6 plants/plot. In 2002-2004, the first chemical was applied at 80% of disease incubation, while subsequent sprays were carried out at 7 days interval. In 2005, all the chemicals were applied preventively. Chemicals  were applied using a knapsack sprayer distributing 400-1000 l/ha depending on vine growth. Formulation’s features are summarized in table 1. Disease severity and incidence were assessed on 100 leaves and 50 bunches per replicate. Data were arcsine transformed and statistically analyzed using ANOVA. Means were separated using SNK test (p≤0.05).

Table 1: Formulations tested each year and doses of application

	Year
	Commercial name
	Active ingredient
	a.i.

% or g/l

	2002
	2004
	2005
	
	
	

	*
	
	
	Poltiglia Bord. Disperss
	Cu hydroxy sulphate
	20

	*
	
	
	Rame azzurro F2
	Cu hydroxide
	350

	*
	
	
	Cobre Nordox Super 75
	Cu oxide
	75

	*
	
	
	Peptiram 7
	Aminoacids+Cu+peptides
	89,6

	*
	
	
	Kendal
	Oligosaccarids+glutatione+vegetal extracts
	-

	*
	
	
	Fitoil
	Soybean oil
	40

	*
	*
	*
	Cuprocaffaro micro
	Cu oxychloride
	37,5

	
	*
	*
	Kocide 2000
	Cu hydroxide
	35

	
	*
	*
	Kocide 2000+molasses
	Cu hydroxide
	35

	
	*
	*
	ATO FAP 17
	Cu hydroxy sulphate
	40

	
	*
	
	Oligal rame
	Cu sulphate
	172

	
	*
	*
	Airone
	Cu hydroxide+Cu oxychl.
	272

	
	*
	*
	Heliocuivre
	Cu hydroxide+Terpenics 
	40

	
	
	*
	Fertleader rame S
	copper (sulphate) 

+ seaweed extracts
	6

	
	
	*
	Kendal TE
	Cu (23), Mn (0.5), Zn (0.5)
	23

	
	
	*
	Netram
	Cu Penta-hydrated sulph.
	60


Results

In 2002, weather conditions were favourable for disease development. Sprays were carried out on: 7/5, 14/5, 21/5, 28/5, 4/6; 12/6 20/6; 27/6, 04/7; 13/7.. Symptoms of the disease occurred on 17 may after the second spray. Results showed that all formulations and strategies applied, significantly reduced the infection compared with the check. However none of them proved to be effective in reducing the infection on bunches. Among the traditional formulations, rame azzurro F2 gave the best protection.  Plots treated with Peptiram showed symptoms of phytoxicity with necrotic spots on leaves.

Table 2: Results in 2002: final assessment on 19st july

	Commercial name
	Dose

(g or ml/hl)
	Cu ion
kg/ha

(13/07)
	% inf. leaves 
	% inf. leaf area  
	% inf. bunches 
	% inf. bunch  area 

	B.mixture Disperss
	600
	9.6
	30.3 cd
	0.8 bc
	70.0 bc
	9.5 bc

	B.mixture Disperss
	300
	4.8
	56.8 b
	2.1 c
	87.5 ab
	14.7 c

	B.mixture Disperss + Fitoil
	300+300
	4.8
	52.8 b
	1.9 bc
	83.8 ab
	14.0 b

	Rame azzurro F2
	230
	6.44
	19.3 d
	0.5 bc
	46.3 c
	3.4 bc

	Cobre Nordox Super 75 
	110
	6.6
	31.3 cd
	0.9 bc
	62.5 bc
	4.3 bc

	B.mixture Disperss +  Peptiram 7 (1)
	600+200                   
	5+ 

0,896
	36.8 c
	1.3 bc
	50.0 c
	4.0 bc

	Cuprocaffaro micro
	300
	9
	32.3 c
	1.2 bc
	62.5 bc
	6.2 bc

	untreated control
	-
	
	94.5 a
	7.3 a
	100.0 a
	65.2 a


(1) Applications with Bordeaux mixture were carried out on 7/5, 14/5, 17/5.
Table 3: Results in 2004: final assessment on 1st july

	Commercial name
	Dose

(g or ml/hl)
	Cu ion
kg/ha

(25/06)
	% inf. leaves 
	% inf. leaf area  
	% inf. bunches 
	% inf. bunch  area 

	Kocide 2000
	200
	4,48
	53,3 cd
	5,0 bc
	59,0 c
	8,6 c

	ATO FAP 17
	185
	4,736
	70,4 b
	7,4 b
	78,0 b
	18,5 b

	Oligal Rame
	100
	1,10
	63,6 bc
	6,5 bc
	68,5 bc
	18,6 b

	Kocide 2000 + molasses
	175 

 +

300
	4,48
	33,6 e
	2,0 c
	61,5 bc
	10,8 bc

	Airone
	250
	4,352
	51,5 d
	4,0 bc
	62,0 bc
	11,6 bc

	Heliocuivre
	125
	3,2
	51,3 d
	4,4 bc
	69,0 bc
	12,7 bc

	Cuprocaffaro micro
	300
	7,2
	54,3 cd
	5,3 bc
	67,5 bc
	12,9 bc

	untreated control
	-
	
	89,1 a
	22,2 a
	95,0 a
	34,9 a


In 2004, at the beginning of the season weather conditions were very favourable for the disease development and infection occurred early on bunches. Sprays were carried out on 7/5,14/5, 21/5, 28/5, 4/6, 11/6, 18/6, 25/6. This situation led to an insufficient disease control for all the formulations tested. Best results were achieved using copper hydroxide formulations, and on bunches in particular, Kocide 2000 applied alone or in mixture with molasses (Table 3). 

In the trial performed in 2005 new alternative formulations were tested. Climatic condistions were not favourable for the disease because of very few rain events. All the sprays were carried out preventively on 4/5, 10/5, 16/5, 21/5, 27/5, 8/6, 17/6, 24/6; 1/7, 8/7 before any rain event.  At the end of the trial, all the formulations adequately protected the leaves and bunches. 

Table 4: Results in 2005: final assessment on 22nd july

	Commercial name
	Dose

(g o ml/hl)
	Cu ion
kg/ha

(8/07)
	% inf. leaves 
	% inf. leaf area  
	% inf. bunches 
	% inf. bunch  area 

	Kocide 2000
	200
	5,6
	0,6 b
	0,1 b
	0,0 b
	0,0 b

	ATO FAP 17
	185
	5,9
	1,0 b
	0,9 b
	0,5 b
	0,0 b

	Kocide 2000 + molasses
	200

+

300
	5,6
	0,5 b
	0,9 b
	0,0 b
	0,0 b

	Fertileader Rame S
	300 
	1,4
	2,4 b
	0,3 b
	1,0 b
	0,0 b

	FertileaderRame S &

Cuprocaffaro micro
	150 +

150
	5,2
	2,8 b
	0,4 b
	1,5 b
	0,0 b

	Airone
	250
	5,4
	0,6 b
	0,1 b
	0,0 b
	0,0 b

	Heliocuivre
	125
	4,0
	0,4 b
	0,0 b
	0,0 b
	0,0 b

	Kendal Te
	300
	5,6
	3,3 b
	0,4 b
	0,5 b
	0,0 b

	Cuprocaffaro micro
	300
	9,0
	2,7 b
	0,3 b
	1,0 b
	0,0 b

	Netram
	150
	0,72
	2,0 b
	0,3 b
	4,0 b
	0,1 b

	untreated control
	-
	
	54,0 a
	8,4 a
	45,5 a
	6,4 a


Conclusions

When climatic conditions are very conducive for the disease and copper sprays have to be applied at shorter interval, the respect of EU limitation may lead to have damage at harvest. With this respect, promising results are given by the new formulations at reduced copper content Peptiram and Netram, even though the former showed phytotoxicity problems. Results showed that, among the traditional copper formulations, only cu hydroxide permits to contain the disease and at the same time reduce the copper distribution up to 5 kg/ha. However more investigations with higher disease pressure are needed
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� Consorzio Fitosanitario di Modena, Via Aandreoli 13, 41100 Modena (Italy)


� As Above


� ASTRA – Innovazione e Sviluppo l.t.d., 48018 Faenza – Via Tebano, 45, Italy.


� Servizio Fitosanitario (Plant protection Service) – Emilia-Romagna Region, Via Saliceto 81, 40128 Bologna (Italy),


� As Above






