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Abstract 

A four-year field trial was run to determine the effectiveness of copper fungicides and foliar fertilizers in controlling lettuce downy mildew (Bremia lactucae Regel) in Italy’s Emilia-Romagna Region. The experimental design was randomized blocks with 4 replicates using the highly susceptible Camaro cultivar. Eleven different fungicide formulae and foliar fertilizers with low copper concentration were compared. Tribasic copper sulphate (Cuproxat S.D.I.), copper sulphate (Poltiglia Caffaro 20) and copper oxychloride (Pasta Caffaro Nc) exhibited the best control; the effects of pentahydrate sulphate (Kay Tee) and hydroxyde (Kocide 2000) were less consistent. Hydroxide sulphate (Poltiglia disperses), tribasic sulphate (Cuproxat liquido) and the Special Kopper were less effective. The action of the foliar dressings Kendal TE, Fertileader rame and Labicuper showed the most promising results. The only non-copper-based alternative product, grapefruit seed extract, or DF 100 V, proved to be ineffective. Some of the tested foliar sprays were thus as effective as some copper-based fungicides and released less copper into the environment. 
Introduction 

Downy mildew, caused by Bremia lactucae Regel, is one of the major lettuce (Lactuca sativa L.) diseases worldwide because the fungus attacks the leaves and leads to high crop losses. The control of downy mildew in organic lettuce farming is based on both, the use of resistant varieties and preventive copper-based sprays (Crute, 1992; Malezieux et al., 1993). The use of resistant varieties is not sufficient per se to prevent B. lactucae infections because of the pathogen’s ability to breach genetic barriers, hence the need for copper-based compounds (Gengotti, 2003). The alternative fungicides allowed under EU protocols for organic agriculture are less effective in controlling downy mildew, especially when disease pressure is high (Pertot et al., 2002). However, since the long-term inputs of copper may have health and environmental consequences due to soil accumulation, Commission Regulation (EC) No. 473/2002 limits the amount of copper used to 6 kg ha-1 year-1. Given that further studies of low-copper fungicides are needed, our aim was to test the effectiveness of several copper-based compounds at low dressing rates, including foliar fertilizers widely used in Italy. 
Materials and methods

Tab. 1: Main trial data
	
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	Year
	2003
	2004
	2005
	2006

	Transplant date
	15-Sep
	22-Sep
	16-Sep
	15-Sep

	Plot size (m2)
	12
	12
	14
	14

	No. of sprayings
	7
	5
	7
	6

	Application date
	25-Sept, 3, 10, 18, 25, 31-Oct, 10-Nov
	6, 13, 20, 22, 26-Oct
	26-Sept, 6, 12, 18, 24, 31-Oct, 9-Nov
	19, 27-Sept, 4, 11, 17, 23-Oct

	Spray volume (l ha-1)
	600-1000
	800-1000
	1000
	1000

	Harvest date
	20-Nov
	15-Nov
	16-Nov
	30-Oct


Tab. 2: Tested compounds and application rates
	Product
	Type of copper
	Copper content
(g l-1)
	Rate

	
	
	
	Product
(g or ml hl-1)
	Copper

(g hl-1)

	Cuproxat S.D.I.
	tribasic sulphate
	195.0
	350
	68.25

	Kay Tee
	pentahydrate sulphate
	60.0
	150
	9.00

	Kocide 2000
	hydroxide
	35.0 %
	150
	52.50

	Pasta Caffaro Nc
	oxychloride
	377.5
	375
	141.56

	Poltiglia Caffaro 20
	sulphate
	20.2 %
	700
	141.40

	Special Kopper (1)
	unlisted
	42.8
	225
	9.63

	Cuproxat liquido
	tribasic sulphate
	195
	400
	78

	Poltiglia disperss
	hydroxide sulphate
	20 %
	400
	80

	Fertileader rame (1)
	sulphate
	72.0
	150
	10.8

	Labicuper (1)
	gluconate
	67.8
	400
	27.12

	Kendal TE (1)
	oxychloride
	23.0 %
	300
	69


(1) foliar dressing
The highly susceptible cv. Camaro lettuce was tested in four randomized blocks with 4 replicates at plots in Cesena, Italy, from 2003-2006; the main trial features are reported in Table 1. Table 2 shows the products tested and their formulae. Trials 3 and 4 tested also an alternative natural product based on 2% grapefruit seed extract (DF 100 V, marketed by Agritalia Ltd) at the rate of 200 ml hl-1. The sprayer was a power Fox F320 knapsack with Teejet TX 8002 VS nozzles. Whenever possible, sprays were preventively applied 4-14 days after transplants at intervals of 3-10 days depending on weather conditions. The commercial crop and the percentage of infected leaves were assessed at harvest on 10-20 plants/plot and 10-15 leaves/plant. Data were transformed and processed by one-way ANOVA followed by LSD test (p ≤ 0.05). 

Results 

Tab. 3: Trials 1 and 2

	Treatment
	Infected leaves (%)
	Commercial yield (g/plant)
	Cu++ amount (g ha-1)*

	
	Trial 1
	Trial 2
	Trial 1
	Trial 2
	

	Untreated control
	52.8
	a
	87.8
	a
	147.3
	c
	146.1
	c
	0

	Cuproxat S.D.I.
	12.0
	cd
	79.3
	b
	210.3
	a
	203.8
	a
	3554

	Kay Tee
	23.0
	bc
	77.5
	b
	200.1
	ab
	182.6
	ab
	469

	Kocide 2000
	36.5
	ab
	80.3
	b
	176.3
	bc
	190.0
	ab
	2734

	Pasta Caffaro Nc
	16.8
	cd
	77.5
	b
	197.8
	ab
	192.0
	ab
	7371

	Poltiglia Caffaro 20
	3.6
	d
	79.0
	b
	218.1
	a
	202.5
	a
	7363

	Special Kopper
	-
	-
	79.3
	b
	-
	-
	165.6
	bc
	430


Different letters in the same column indicate statistical differences (LSD test, p < 0.05).
*Amount of Cu++ distributed (means of Trials 1 and 2)
Tab. 4: Trials 3 and 4
	Treatment
	Infected leaves (%)
	Commercial yield (g/plant)
	Cu++ amount (g ha-1) *

	
	Trial 3
	Trial 4
	Trial 3
	Trial 4
	

	Untreated control
	52.4
	ab
	79.9
	ab
	112.4
	d
	344.8
	b
	0

	Cuproxat liquido
	48.9
	abc
	68.3
	d
	117.9
	cd
	471.0
	a
	5070

	Poltiglia disperss
	44.7
	bc
	75.9
	bc
	136.8
	ab
	454.4
	a
	5200

	Fertileader rame
	45.4
	abc
	71.3
	cd
	137.2
	ab
	442.1
	a
	702

	Labicuper
	49.2
	abc
	68.1
	d
	131.0
	abc
	446.5
	a
	1763

	Kendal TE
	42.5
	c
	68.1
	d
	149.4
	a
	453.3
	a
	4485

	DF 100 V
	54.5
	a
	83.8
	a
	119.3
	bcd
	354.8
	b
	0


Different letters in the same column indicate statistical differences (LSD test, p < 0.05).
*Amount of Cu++ distributed (means of Trials 3 and 4)
Trial 1. While weather conditions were not conducive to pathogen outbreak, end-of-season rains made it possible to evaluate the efficacy of the products. Except for Kocide 2000, all the compounds differed from untreated control. Poltiglia Caffaro 20, Pasta Caffaro Nc and Cuproxat S.D.I. were the most effective (Table 3). 

Trial 2. The weather was very favourable for the disease. The first symptoms were observed 10 days after transplant (before the first spraying). The early outbreak may explain the generally poor effectiveness registered in this trial. All the fungicides reduced the disease to some extent compared to the control; Special Kopper was the least effective (Table 3).

Trial 3. Weather conditions were disease-favourable. The first symptoms appeared early in the season, soon after the transplant. Kendal TE provided the best protection and, along with Poltiglia disperss, Fertileader rame and Labicuper, resulted in the highest yields (Table 4). 

Trial 4. Weather conditions were conducive to mildew. The overall results showed relatively poor disease control; Kendal TE, Labicuper, Cuproxat liquido and Fertileader rame proved the most effective (Table 4).

Conclusions

The tested products adequately controlled the disease in 2003, when mildew incidence was low, but proved unsatisfactory from 2004-2006 despite the high number of sprayings. These results show that pronounced disease pressure makes it extremely hard to control downy mildew infections on lettuce using only copper-based sprays, although the latter proved to be the most effective among the fungicides allowed in organic farming (Pertot et al., 2002). 

The best mildew control was provided by the fungicides Cuproxat S.D.I., Poltiglia Caffaro 20 and Pasta Caffaro Nc; effectiveness of Kocide 2000 and Kay Tee was inconsistent. The foliar dressings Kendal TE, Fertileader rame and Labicuper protected the crop as effectively as, and sometimes better than, the best copper fungicides. Except Special Kopper, the amounts of copper released by the foliar dressings were lower than those from the most effective copper-based products, i.e. 2317 g ha-1 compared to 6096 g ha-1 (average of all trials) (Tables 3, 4). DF 100 V, the only natural compound tested, proved to be ineffective against B. lactucae. Thus, the foliar sprays Kendal TE, Fertileader rame and Labicuper effectively controlled the disease with low environmental impact because of their limited copper input. 
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