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Evaluation of natural active ingredients and agronomical techniques against flea beetle (Phyllotreta spp.) on open field organic garden rocket (Eruca sativa)
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Abstract
Natural pesticides and crop covering proved to be effective in containing flea beetle (Phyllotreta spp.) in a three-year trial of open-field organic garden rocket (Eruca sativa Miller) in Italy’s Emilia-Romagna Region. Although rotenone proved to be more effective than pyrethrins, it was still unsatisfactory. Crop cover with non-woven polypropylene sheets produced encouraging results in pest control. 
Introduction
Flea beetles of the genus Phyllotreta (Coleoptera: Chrysomelidae) are a serious pest of many crops in the Brassicaceae family, including cabbage and garden rocket (Subedi and Vaidya, 2003; Andersen et al., 2006). This plant family’s variability in susceptibility to attack by the flea beetle has often made chemical pesticides the only solution (Hiiesaar et al., 2003; 2006). While conventional farming uses systematic or contact insecticides, the organic farmer has had little to fall back on. Garden rocket (Eruca sativa Miller), also known as arugula or rocket salad, is a good case in point. Its short natural growing cycle and the demand for a high-quality and residue-free crop have made it difficult to treat with chemical deterrents alone (Subedi and Vaidya, 2003). The aim of our study was to determine the effectiveness of different natural active ingredients and crop covering in controlling flea beetle in garden rocket.

Materials and methods

A three-year (2005-2007) trial was set up in randomized blocks at an organic farm at Sala di Cesenatico, Forli’-Cesena Province, Emilia-Romagna Region. The main trial features are shown in Table 1, and Table 2 displays the types and amounts of pesticides used. Besides comparing the results of natural active ingredients, Trials 1 and 2 also tested whether certain management techniques could be used for pest control instead of repeated chemical treatment. In these trials, the garden rocket was covered immediately after transplant with non-woven polypropylene sheets stretched over hoops to form tunnels. Trial 3 compared two cover techniques using non-woven polypropylene sheets: one laid the sheeting directly on top of the plants and the other stretched it over hoops to form a tunnel. A third treatment contained plants that were sprayed with Tanacide 5 times, a standard organic pesticide. Diplotaxis tenuifolia (L.) DC, a widely grown species commonly called wild rocket, was included as untreated random control, to compare its susceptibility to that of the untreated garden rocket. Each trial was carried out when field plants were 2 cm in height. Given the small size of the plants and the early onset of flea beetle in many of the trials, all plots were treated with pyrethrins (Piresan Plus) pre-trial, i.e. one treatment was applied before Trials 1 and 3 and three before Trial 2. The plots with non-woven polypropylene sheets were covered immediately after the last pre-trial treatment to ensure no flea beetles would be inside; samples were taken two days after removal of the sheeting. At harvest, a sample of 50-100 leaves was taken from each plot to measure the extent (% of damaged leaves) and severity (% eaten leaf or number of holes/leaf) of damage. The data were processed by analysis of variance (ANOVA) and LSD test (P<0.05).
Tab. 1: Main trial features

	
	Trial 1
	Trial 2
	Trial 3

	Year
	2005
	2006
	2007

	Transplant date
	4-Aug
	4-Aug
	12-Jun

	Plot size (m2)
	12
	12
	12

	Crop cover date
	6-Aug
	13-Aug
	14-Aug

	Application equipment
	power knapsack sprayer ECHO SHR 150 SI

	Spray volume (l ha-1)
	600-1000

	Number of applications
	7
	5
	5

	Application dates
	8-10-12-14-16

18-20-Aug
	16-18-19

22-23-Aug
	15-18-20

22-25-Jun


Tab. 2: Compound details

	Compound
	Active ingredient (A.i.)
	A.i. content

(% or g l-1)
	Dose
	Applied in trial

	
	
	
	compound
(g or ml hl-1)
	A.i.

(g hl-1)
	

	Diractin
	azadirachtin
	32
	112.5
	3.60
	1

	Piresan Plus
	pyrethrins +

piperonyl butoxide
	150

120
	100
	12 + 9.6
	1 and 2

	Rotena 43
	rotenone
	43
	450
	193.5
	2

	Rotena
	rotenone
	62.4
	275
	17.16
	1

	Show
	pyrethrins + rotenone
	5 + 20
	700
	35 + 140
	2

	Tanacid
	pyrethrins
	36.6
	100
	36.3
	3


Results

Trial 1. The results are shown in Table 3. The leaves of the untreated control were completely riddled by the pest, the eaten leaf area being high. The leaves of plants treated with Diractin did not differ significantly from those of the control, and the protection afforded by Piresan Plus and Rotena, though reducing leaf damage, was not very effective. Plant cover proved to be the most effective measure with slight damage being found on 54% leaves.

Trial 2. The results are shown in Table 4. As in Trial 1, control leaves showed the most, but not very severe, damage. Piresan Plus reduced hole number per leaf but not the number of damaged leaves. Rotena 43 and Show proved to be more effective than Piresan Plus. Crop cover showed significantly lower damage than all the other treatments.
Trial 3. The results are shown in Table 5. The leaves of all the non-treated controls, whether garden or wild rocket, were similarly and heavily damaged. Tanacid spraying reduced the number of holes per leaf but not the percentage of damaged leaves. Crop cover, whether in direct contact or stretched over hoops, proved the most effective means of controlling the pest. 
Tab. 3: Average results of trial 1 (22 August 2005)

	Treatment
	Damaged leaves (%)
	Eroded leaf area (%)

	1
	untreated control
	100
	a
	63.2
	a

	2
	Diractin
	100
	a
	62.8
	a

	3
	Piresan Plus
	98.0
	a
	25.5
	b

	4
	Rotena
	100
	a
	19.4
	b

	5
	Cover
	54.0
	b
	0.6
	c


Different letters in the same column show statistical differences (LSD test, P<0.05)

Tab. 4: Average results of Trial 2 (25 August 2006) 

	Treatment
	Damaged leaves (%)
	Number of holes/leaf

	1
	untreated control
	96.8
	a
	6.4
	a

	2
	Piresan Plus
	71.8
	ab
	2.3
	b

	3
	Rotena 43
	52.0
	bc
	0.7
	c

	4
	Show
	37.8
	c
	0.4
	c

	5
	Cover
	8.8
	d
	0.0
	c


Different letters in the same column show statistical differences (LSD test, P<0.05)

Tab. 5: Average results of Trial 3 (29 June 2007)

	Treatment
	Damaged leaves (%)
	Number of holes/leaf

	1
	untreated control (wild rocket)
	100
	a
	144.0
	a

	2
	untreated control (garden rocket)
	100
	a
	131.5
	a

	3
	cover on hoops (garden rocket)
	29.0
	b
	0.2
	c

	4
	cover directly on crop (garden rocket)
	30.0
	b
	0.5
	c

	5
	Tanacid (garden rocket)
	100
	a
	63.0
	b


Different letters in the same column show statistical differences (LSD test, P<0.05)

Discussion

Despite the high number of sprayings and the short interval between them the chemicals never provided adequate protection over the three trial years. While our findings appear to be in contrast with those reported by Hiiesaar et al. (2003), who tested synthetic, not natural compounds, they are in line with those reported by Andersen et al. (2006), who tested the natural azadirachtin on Brassica rapa L. It is worth reiterating that Piresan Plus, Rotena, Rotena 43 and Show did reduce, albeit slightly, damage severity, the latter three showing the best results. By contrast, the most effective pest control agent proved to be the row cover, whether laid directly on or stretched over the crop, as also reported by Andersen et al. (2006). It is worth noting that the poor scores registered by the natural pesticides may in part be attributed to the small size of the test plots and the pronounced mobility of the flea beetle. Further tests are needed to clarify this point. Note too that both rocket species used in the trials are highly susceptible to flea beetle attack. 

Conclusions

No natural pesticide tested proved as effective in controlling flea beetle as non-woven sheeting. Placing the sheeting directly on the crop is obviously more practical than stretching it on hoops to form a tunnel. While removing the cover a couple of days before harvest prevented mechanical damage to leaves, questions remain with regard to both cover-induced alterations in crop flavour traits and economics. Further tests are thus required to address these questions so as to upgrade cover use in organic farming. 
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