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Abstract – In organic viticulture so far only copper can assure a good control of the disease but its use will be limited by the European community to 6 kg/ha/year from 2006, because of its accumulation in soil. Efficacy against Plasmopara viticola on grapes of 17 new and 10 alternatives to traditional copper formulations were compared respectively in glasshouse and experimental field, in Italy in 2005. Four products (plant extract 1, Bion® 50 WG, Tecnobiol and Elot-vis®) controlled P. viticola artificial infections under greenhouse conditions, but only one (Bion®) confirmed its efficacy under vineyard condition. None of the other tested products showed a comparable control.

Introduction

Downy mildew, caused by the obligate biotrophic oomycete Plasmopara viticola (Berk. & Curt.) Berl. & de Toni, is one of the most important grapevine disease worldwide (Wong et al., 2001). It can be extremely devastating because the fungus attack leaves and bunches with consequent high production losses. P. viticola overwinters as oospores which can provide the first source of inoculum in spring and can germinate throughout all the season, contributing substantially to the epidemic (Gobbin et al., 2005). Moreover, the rapid sequence of asexual propagation cycles is the responsible for the efficient spread of the oomycete during the growing season (Toffolatti et al., 2004). In organic viticulture the control of infection is currently based on copper fungicide but long-term use of copper may have consequences due to its accumulation in the soil. Therefore the Annex II of Regulation (EEC) No 2092/91 was modified in 2002, limiting the dosage of copper to 6 kg/ha/year, starting from 2006.
The alternative fungicides allowed in EU organic agriculture are less effective and inconsistent in controlling downy mildew, especially under high disease pressure. New disease control strategies that focus on replacing /reducing copper and on using biocontrol agents in order to limit primary and secondary infection caused from P.viticola are currently under evaluation (Pontiroli, 2001; Pertot, 2002).

Materials and Methods

Table 1. Commercial name, active ingredient and dosage of the products tested in greenhouse trials against downy mildew grape disease.

	N°
	Commercial name
	Active ingredient
	Dosage 

	1
	Plant extract 1
	confidential
	50 g/l

	2
	Elot-vis® forte
	Plant based 
	5 ml/l

	3
	KBV 99-01
	Lactoperoxidase 
	1.5 g/l

	4
	Zonixtm
	Biosurfactant
	0.04 ml/l

	5
	Chitoplant
	Chitosan
	0.5 g/l

	6
	Serenade
	Bacillus subtilis
	4 g/l

	7
	Bion® 50 WG
	Acylbenzolar-s methyl
	1 g/l

	8
	F77
	Bacterium
	107cells/ml

	9
	Fitoclin-bio
	Clinoptilolite
	10 g/l

	10
	Humixa-r
	Lumbrico Humus
	10 ml/l

	11
	Humi-clin-bio
	L.H. + clinoptilotite
	30 ml/l

	12
	(EAW)
	Electrolyzed acid water 
	drip off

	13
	Liquorice 
	Glycyrrhiza glabra
	50g/l

	14
	Phyto-vital
	Lignin derivates
	20 ml/l

	15
	X22
	Surfactant
	0.5 ml/l

	16R
	Tecnobiol
	K+ salt of fatty acid
	10 ml/l

	17R
	Labicuper
	Copper gluconate 
	3 ml/l

	18R
	Kocide 2000
	Cu(OH)2 
	1.33/0.4 g/l 


Greenhouse trial

All the products (table 1) were tested in three different greenhouse trials. In the first experiment three potential resistance inducer (Bion®, Chitoplant and Serenade), were applied once (six hours before inoculation) twice (four days and six hours before inoculation) and three times (seven, four day and six hours before inoculation). Chitoplant and Serenade were also combined with the low dosage of copper. In the second experiment 10 products were tested with an application done six hours before inoculation. In the last experiment electrolyzed acid water (EAW) with and without an experimental wetting agent was tested. The EAW applications were execute one, three and seven hours after inoculation. Copper hydroxide, copper gluconate and water were used as reference.  
Five plants (replicates) were used for each treatment. Fresh sporangia of P. viticola were used as inoculum, with a concentration of 2.5 x 105 sporangia/ml. 

Disease incidence and severity were recorded and Analysis of variance (ANOVA) was applied on “arcsine√p/100” transformed data. Significant differences among treatments were determined using Duncan’s test.

Field trial
The efficacy trial was conducted in the experimental organic farm of IASMA, in Rovereto (Italy), on cultivar Cabernet Sauvignon. The efficacy of ten products was evaluated. 

Two different strategies were carried out. In the first one (CI) two products (Labicuper and Tecnobiol) were applied during the entire season. In the second strategy (CII) the eight products (Chitoplant, plant extract 2, Myco-sin, Elto-vis®, Salix extract, Rhamnolipid, Serenade and Bion® 50 WG were alternated with three copper treatments during flowering. Two copper hydroxide treated plots were used as references. In strategy CI copper was applied during the whole season, while in strategy CII it was sprayed only three times during of flowering. An untreated plot was use as negative control.
The trials were set up in a fully randomized block design with four replicates. Two plot sizes were used, according to available amount of products: a larger one for five treatment (products available in big amounts), with a plot size of 83 plants and a smaller one with a plot size of 10 plants for the other products available in small quantities. For each plot severity and incidence were recorded scored 50 leaves and 50 bunches. ANOVA and Duncan’s test were performed on transformed data (arcsin√p/100).
 Results and Discussion

Greenhouse trials

In the first experiment only Tecnobiol and Bion® 50 WG (applied two or three times) were able to control P. viticola infections. Neither Chitoplant, nor Serenade (with or without copper) were effective. In the second indoor trial plant extract 1 and Elot-vis® forte showed the highest efficacy against downy mildew while Tecnobiol controlled the disease as well as copper hydroxide. All the other tested substances showed a disease control activity not significantly different from untreated references. 
The diseases on plants treated with electrolyzed acid water one hour after inoculation was significantly lower than on water treated plants. All the others application times (3 or 7 hours after inoculation) did not reduce disease severity. 

Field trials

Table 2. Efficacy of control agents against Plasmopara viticola on cv. Cabernet-Sauvignon plants under vineyard conditions (Rovereto, Italy, 2005). 

	
	Leaves
	Bunches

	Products
	Severityab
(%)
	Severityad
(AUDPC)
	Incidenceac
(%)

	CI

	Kocide 2000(CI)
	10.17
	b
	217.68
	ab
	13.5
	a

	Labicuper (CI)
	5.70
	a
	137.22
	a
	21
	a

	Tecnobiol (CI)
	21.20
	c
	409. 16
	b
	11.5
	a

	Untreated
	59.30
	d
	1020.91
	c
	45
	b

	CII

	Chitoplant (CII)
	24.05
	d
	464.61
	c
	26
	a

	Plant extract 2(CII)
	11.62
	b
	301.23
	abc
	12.5
	a

	Mycosin (CII)
	12.35
	b
	151.00
	a
	15.5
	a

	Elot-vis® f. (CII)
	33.62
	c
	355.04
	abc
	19.5
	a

	Salix extract (CII)
	23.55
	c
	421.26
	bc
	16.5
	a

	Rhamnolipid (CII)
	23.40
	c
	352.00
	abc
	14.5
	a

	Serenade (CII)
	23.95
	c
	518.86
	c
	12
	a

	Bion ® 50WG (CII)
	7.00
	a
	159.37
	ab
	24.5
	a

	Kocide 2000 (CII)
	14.70
	b
	242.66
	abc
	10
	a

	Untreated
	59.30
	e
	1020.91
	d
	45
	b


aNumbers with a letter in common are not significantly different according to Duncan's test (P<0.05).bSeverity on leaves was assessed on 14/09/05, dAUDPC from 1/08/05-14/09/05. cIncidence on fruits was assessed on 02/09/05. 

Disease pressure was very low during season 2005. Labicuper used as reference, although is a copper based fungicide, allows a good control of disease with total Cu2+ amount at the end of the season lower than the fixed limit (5.09 kg/ha/year). Among resistance inducers only Bion® 50 WG seems to reduce downy mildew severity. Tecnobiol, despite the excellent greenhouse results, and plant extract 2 gave a partial control of the disease under vineyard conditions. The other products cannot be considered good alternatives to copper fungicides against grapevine downy mildew.

The efficacy on bunches is not informative, because of low presence of symptoms. No phytotoxicty was detected on plants. Incidence gives similar results previously described for severity.
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