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Abstract

The effects of a fogging system on the control of the two-spotted spider mite (Tetranychus urticae) were studied in greenhouse cultivation of eggplant, cucumber and strawberry during the period 1999-2006. At the beginning the pest and the phytoseiid predator Phytoseiulus persimilis were released on the crops and then observations were made on the development of the populations of both mites. Fogging system effects were found in terms of lowering the T. urticae population and hindering the growth of powdery mildew fungus. Furthermore there was a yield increase in the cases of strawberry and cucumber in 2001 but no negative impact on pest management was ever detected, particularly on the biological control of the melon aphid (Aphis gossypii) achieved using multiple releases of parasitoids.

Introduction

The two-spotted spider mite Tetranychus urticae (Acari, Tetranychidae) is one of the most dangerous greenhouses pests: when the climate is hot and dry, its populations increase rapidly (Crooker, 1985); while in presence of high air humidity (e.g. more than 70%) and, above all, direct contact with water (e.g. rain) the rate of increase of its populations is considerably reduced (Tulisalo, 1974; Holtzer et al., 1988). 

At present, in organic farming there are no acaricides effective on this pest and so biological control is necessary: in this case the most common technique relies upon multiple releases of the predator Phytoseiulus persimilis (Acari, Phytoseiidae). Unfortunately the rate of increase of the populations of this beneficial is restrained by a hot and dry climate: in fact, when air temperature is between 20°C and 30°C and air humidity is lower than 60% most of its eggs do not hatch and die. When temperature rises, the critical threshold of air humidity rises too (Stenseth, 1979): for this reason, in the Mediterranean regions during the summer, populations of T. urticae grow faster than those of P. persimilis. 

In greenhouses we could get over this limit using an air moisturizing system (Fogging System) which releases tiny droplets of water to hinder the growth of T. urticae populations and to favour the growth of those of P. persimilis: in order to verify this hypothesis, during the period 1999-2006, experimental trials were done at the Experimental Center ‘Po di Tramontana’ of Veneto Agricoltura (in Rosolina, 60 km south from Venice).

Materials and methods

The trials were made on different crops grown inside greenhouses of 340 m2, in different years: in 1999 on eggplant (April-September), in 2000 and 2001 on cucumber (April-July), in 2006 on strawberry (April-September). 

In each trial the greenhouse was divided in two halves by a plastic screen, giving 2 sectors of 170 m2: “fog” and “no fog”. In each sector the same species, varieties and number of plants were cultivated. In the “fog” sector only, a fogging system was assembled. The fogging system consisted of several sprinklers arranged under the roof of the greenhouse at the density of 1/m2. It was programmed to work every day from 9 a.m. until 6 p.m. only when the air humidity inside the greenhouse fell under 65%: in this case, droplets of water were sprayed upon the plant canopy for 2 seconds. The frequency of the sprinkles was regulated in order to avoid the persistence of a layer of water on the leaves and to prevent the development of fungal and bacterial diseases; in other words an alternation of wet and dry phases was accomplished on the leaf surface. 

If there was not an equal, natural presence of T. urticae in the two sectors, the plants were artificially infested so that the trial could begin with equal populations of the pest. The fogging system started sprinkling from May until the end of the cultivation in 1999, 2000, 2001 and from April in 2006. During these periods the releases criteria of the predator P. persimilis changed (tab. 1). 

Tab. 1: Releases of P. persimilis in the different trials (no of phytoseiids/m2)

	eggplant 1999
	cucumber 2000
	cucumber 2001
	strawberry 2006

	
	fog
	no fog
	
	fog
	no fog
	
	fog
	no fog
	
	fog
	no fog

	27 May
	10.3
	10.3
	8 Jun
	0
	13.2
	6 Jun
	6
	6
	27 Apr
	23.8
	23.8

	17Jun
	0
	23.5
	22 Jun
	0
	6.6
	13 Jun
	6
	6
	29 Aug
	11.9
	11.9

	24 Jun
	0
	23.5
	
	
	
	
	
	
	
	
	

	1Jul
	0
	20.6
	
	
	
	
	
	
	
	
	

	8 Jul
	0
	17.6
	
	
	
	
	
	
	
	
	

	15 Jul
	2.3
	11.8
	
	
	
	
	
	
	
	
	

	total
	12.6
	107.3
	total
	0
	19.8
	total
	12
	12
	total
	35.7
	35.7


In 1999, on eggplant, multiple releases of P. persimilis were done in order to restrict the growth of T. urticae below the economic damage threshold: this strategy allowed us to compare the costs of pest control in the presence or absence of the fogging system.

In 2000, on cucumber, no releases of P. persimilis were done in the “fog” sector in order to assess if T. urticae could be controlled by water alone; in the “no fog” sector two releases of P. persimilis were done.

In 2001 on cucumber and in 2006 on strawberry, two releases of P. persimilis were done in order to estimate the population dynamics of both the pest and the beneficial in the two sectors.

The populations dynamics were estimated counting young and adult instars of T. urticae and P. persimilis on leaves chosen from the upper, median and lower part of the plants of cucumber and on the young and old leaves of strawberry. On eggplant, instead, only the number of leaves occupied by the pest and the predator were recorded; even in this case the leaves were chosen from the upper, median and lower part of the plants. The computation was made weekly, monitoring 20% of the plants on eggplant, 40% on cucumber, 10% on strawberry.

The control of insect pests was made by multiple releases of beneficials: particularly  Aphidius colemani and Lysiphlebus testaceipes (Hymenoptera, Aphidiidae) against the melon aphid Aphis gossypii (Hemiptera, Aphididae); furthermore their activity on pest control was monitored. Every year the yields were recorded and observations were made on the occurrence of fungal and bacterial diseases. In 2000 and 2001 trials Proc GLM, Repeated Measure Analysis of Variance was done. In 1999 and 2006 trials Analysis of variance with Tukey test was done. 

Results and discussion

The results of the different trials are expressed in the figures 1, 2, 3, 4, where T. urticae population dynamics can bee seen.

	[image: image1.wmf]0

10

20

30

40

50

60

70

80

3-Jun

13-Jun

23-Jun

3-Jul

13-Jul

23-Jul

2-Aug

12-Aug

22-Aug

1-Sep

% of leaves with T. urticae

FOG

NO FOG


	[image: image2.wmf]0

10

20

30

40

50

60

70

80

90

100

4-Apr

14-Apr

24-Apr

4-May

14-May

24-May

3-Jun

13-Jun

23-Jun

3-Jul

nr. of T. urticae per leaf

FOG

NO FOG



	Fig. 1: population dynamics of T. urticae on eggplant in 1999
	Fig. 2: population dynamics of T. urticae on cucumber in 2000
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	Fig. 3: population dynamics of T. urticae on cucumber in 2001
	Fig. 4: population dynamics of T. urticae on strawberry in 2006


In all the trials the development of T. urticae populations in the “fog” sector was significantly lower than the level recorded in the “no fog” sector and it was always under the economic damage threshold. The development of P. persimilis populations always followed the one of T. urticae in both sectors (data not shown in this paper); as a matter of fact, the fogging system did not affect positively the growth of predator’s populations as expected.

In both the sectors the yields were similar, except for the cucumber in 2001 when a higher yield was obtained in the ‘fog’ sector (Chiarini et al., 2002) and for the strawberry in 2006, which had 467a and 425b g/plant yield, respectively in the ‘fog’ and ‘no fog’ sectors (p=0.04). The fogging system did not promote the spread and development of fungal and bacterial diseases on the crops; furthermore no negative effects were also recorded on biological control of insect pests.

Conclusions

1. The use of a fogging system in greenhouses, during the summer, is an effective tool to hinder the growth of T. urticae populations.

2. The repeated sprinkling of water done in the hottest hours of the day, lowers the leaf temperature below a critic threshold and so rendering the net photosynthesis value positive: this means that during the summer, the crops grow better even inside the greenhouses and give either comparable or even higher yields.

3. The repeated sprinkling of water on the plant canopy does not promote the development of fungal and bacterial diseases and does not affect negatively the biological control of insect pests.

4. In the 1999 trial we estimated that the annual amortization share of the fogging system is lower than the cost of an adequate amount of P. persimilis to keep T. urticae populations under the economic damage threshold (Conte et al., 2000).

Finally, repeated observations on pest management in small farms suggest that water can be used to control T. urticae in greenhouses even without a fogging system: in fact a cheaper system, which consists of a web of micro-sprinklers producing water droplets on the plant canopy, can be used. The farmer should then regulate the frequency and the duration of the sprinkling. The same rule used for the fogging system can be applied: the frequency of the spraying has to be regulated in order to prevent the persistence of a layer of water on the leaves; therefore an alternation of wet and dry phases is needed on the leaf surface. This system is cheaper than the fogging system but has been tested reliable enough to be used on small farms.
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