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Spider mites of the genus Tetranychus are important pests of many food and ornamental crops. The predatory mite Phytoseiulus persimilis Athias-Henriot provides excellent control of two-spotted spider mite (TSSM), T. urticae Koch, at moderate temperatures and high humidities, but at low humidity levels and high temperatures control is not up to par (Stenseth 1979).  Neoseiulus californicus (McGregor), native to the Mediterranean basin, South America, and California (deMoraes et al 2004), is relatively efficient against spider mites at lower humidities (Bakker et al. 1993; Rott and Ponsonby 2000; de Courcy Williams et al. 2004) and was therefore chosen as a potential predator to supplement P. persimilis.

Our aim was to identify an arid-adapted strain and develop an economic rearing and transport system that would allow growers to take advantage of this valuable natural enemy. As N. californicus is found in many different geographic and climatic regions we expected to find substantial intraspecific variation among strains allowing for the selection of an arid-adapted strain (Castagnoli and Simoni 2003). This study was a multi-institutional, multi-national, collaborative project that was performed as five distinct workpackages, each with a specific goal. In this summary we present an overview of the results of this project as well as reference to the manuscripts in preparation and submission resulting from each workpackage.

Workpackage 1 - The objectives were to collect and rear strains of N. californicus which would be sent to other research teams involved in the project and to search for diagnostic tools that would allow the differentiation of the populations of N. californicus studied.  Through collaborations and direct collections, 10 strains of N. californicus were obtained and reared in the laboratory at the Ecole Nationale Supérieure Agronomique de Montpellier (ENSA.M), Institut National de la Recherche Agronomique (INRA), Montpellier, France. The strains originated from arid regions of the Mediterranean Basin, Chile, Brazil, California USA and Japan (table 1). Among them, the population reared at Koppert Holland was considered as the reference strain. To develop a diagnostic tool that could allow the differentiation among the various N. californicus populations, morphological and morphometrical characters were studied. Thirty female mites of each strain were mounted on slides and measurements conducted with an image analysis station (image analysis software coupled to a Leica microscope with a high resolution digital camera). In total, 42 morphological characters were analyzed by ANOVA and Multifactorial and Discriminant analyses. Morphological typing revealed 30 characters that allowed for efficient discrimination among strains with a low rate of error. To identify molecular markers for the distinction between strains three mitochondrial (two fragments of mt-COI and a fragment of mt-12S DNA) and two nuclear (18S r-DNA and ITS r-DNA) genes were used. The sequences obtained for the five genes were aligned and a distance matrix was constructed using the Jukes & Kantor model. Genetic variation observed among the strains with the selected DNA markers was too low to be used as diagnostic tools. This result could be explained by exchange and dispersal of N. californicus and/or a low evolution of the strains after their dispersal from their original place. 

Table 1. Strain origin – collection site, host plant and year.

	
	Collection information

	
	Collection information - Country, site
	Host Plant
	Year

	1
	France, Hérault, Mauguio 
	Eggplant
	2004

	2
	Chile, La Cruz 
	bean
	2000

	3
	Italy, Tuscany, Firenze 
	strawberry
	2004

	4
	Spain, Valencia, Bolbaite 
	strawberry
	2000

	5
	Italy, Sicily,  Palermo, Paternico
	strawberry
	2004

	6
	Greece, Thessaloniki
	bean
	2005

	7
	Japan, Ibaraki
	bean
	2005

	8
	Brazil, Sao Paulo, Piracicaba
	bean
	2005

	9
	Tunisia, Tozeur
	Convolvulus arvensis L.
	2005

	10
	USA, California -> Koppert Holland 
	Mass rearing 
	2004



The differences between the levels of variation estimated by morphological and molecular markers could be due to a high morphological plasticity linked to environmental adaptation. In the future, it would be interesting to perform the morphological measurements in order to see if the morphological differences emphasized in the present study will be conserved (for the details of this workpackage see Guichou et al. 2007). 

Workpackage 2 - The objectives were to identify the most dry-adapted strain of N. californicus using life history experiments, investigate the efficacy of the most dry adapted strain under semi-field and field conditions. Initially, each research group involved received, established and then maintained two to three different strains of N. californicus collected in WP1. The life history parameters of egg hatch and development, juvenile survival and development, and adult survival and fecundity were assessed for all strains at three to four humidity levels. Altogether, the life history tests suggested that the Californian reference strain provided to the University of Natural Resources & Applied Life Sciences (BOKU) and the Sicilian N. californicus strain are superior to the other strains when considering both adaptation to dry ambient conditions and power of increase at low humidities. These strains were therefore selected to proceed to the next experimental level, at which the efficacy of those two N. californicus strains was compared with that of P. persimilis on single potted cucumber, pepper and strawberry. Synthesis of the life history tests and the experiments on single potted plants suggests that under dry ambient conditions the BOKU N. californicus strain is the best performing strain of the eight N. californicus strains tested. The superiority to other N. californicus strains is due to the combination of a well-developed tolerance to low humidities and a high reproductive potential. Whether or not the BOKU N. californicus strain is superior in spider mite suppression to the currently available commercial strain of P. persimilis under dry ambient conditions depends on the host plant, the availability of alternative food and the level of spider mite infestation. 
The results of our strawberry field trials conducted in raised beds in greenhouses and in the open fields suggest that better spider mite control would probably be achieved with sequential releases of both predators. Similarly, Rhodes et al. (2006) obtained significant reductions of T. urticae in strawberry with combined releases of these predators. In one out of the two seasons better results were obtained with release of N. californicus only. In our cucumber trials in Austria conducted in the spring, N. californicus gave better results than P. persimilis, the former seemed to prevent spider mites from moving upwards on plants. El Laithy and Sawsan (2005) found similar results; up to twice as many spider mites were found on cucumbers in which P. persimilis was released as compared to N. californicus. In peppers trials in Holland in summer and in Israel in autumn and spring conducted in this study N. californicus was a more efficacious predator than P. persimilis (Weintraub et al. 2006). Castagnoli et al. (2004) and Simoni et al. (2005) compared the efficacy of N. californicus on a number of solanaceous plants (eggplant, pepper and tomato) in greenhouses. They, too, found that N. californicus successfully controlled spider mites on eggplants and sweet peppers and reduced leaf damage. 

This workpackage is summarized in three related papers dealing with the intraspecific variation in humidity susceptibility in the different strains of N. californicus (Walzer et al., submitted), demographic parameters of these N. californicus strains (Simoni et al., in preparation) and with the efficacy of two selected N. californicus strains in spider mite control in strawberries and sweet pepper under arid conditions (Palevsky et al., in preparation).

Workpackage 3 - The objectives were: to identify Bacteria from N. californicus strains that exhibit differences in performance as determined by WP2, screen all N. californicus strains for the presence of specific Bacteria, and determine the fitness effects of various Bacteria in selected strains in which such effects are suspected. 
The Bacteria associated with six geographical N. californicus populations were characterized using molecular fingerprinting techniques, and a number of Bacteria have been discovered. Among these, Spiroplasma was detected in two populations (from Sicily and Chile). Spiroplasma-specific primers for the 16S rDNA coding gene were used for screening various mites for the presence of that bacterium. When individual mites from Spiroplasma-infected and uninfected lines were screened, 75 and 60% infection rates were found in the Sicily and Chile lines respectively. A combination of general Bacteria and Spiroplasma-specific primers was used for generating a 905bp sequence of the 16S rDNA Spiroplasma gene out of the Sicily and Chile N. californicus lines. That gene sequence is most closely related (99% similarity) to the 16S rDNA gene of the Spiroplasma found in the pea aphid Acyrthosiphon pisum (Harris), and to the male-killing agent of the butterfly Danaus chrysippus (L.). A 385bp fragment of the second gene, dnaA, also exhibited highest sequence similarity to the genus Spiroplasma. The sequences of the two genes were virtually identical in the two predatory mite strains. Fitness experiments showed no significant difference in both the fecundity of and sex ratio produced by Spiroplasma-infected and uninfected mothers. Similarly, the infection status of the mothers did not significantly influence offspring developmental times. 

While several Bacteria symbionts have been reported to be associated with predatory mites from the family Phytoseiidae, including Rickettsia, Wolbachia, Cardinium, Enterobacter and an unnamed member of the Bacteroidetes (Weeks & Stouthamer 2004; Hoy & Jeyaprakash 2005) our findings are the first published record of Spiroplasma in plant-inhabiting mites. The genus Spiroplasma belongs to the class Mollicutes, which it shares with other host-associated members such as the vertebrate-pathogenic mycoplasmas and the insect-vectored plant-pathogenic phytoplasmas. Species within the genus are known to exhibit a diverse array of relationships with their hosts, with respect to factors such as transmission modes, replication sites and number of hosts required for successful completion of the life cycle. Although the first three Spiroplasma species described were plant pathogens, most of the other species known to date have been found in insects, where the symbiotic association ranges from pathogenic to mutualistic. Within the Acari, Spiroplasma has so far been identified in three different tick genera (Burgdorfer et al. 1973; Tully et al. 1982; Tully et al. 1995) and a parasitic dermanyssoid mite (Reeves et al 2006), and generally its influence on the tick and mite host has not been determined. The low levels of Spiroplasma vertical transmission as well as the relatively high rates of horizontal transmission recorded during this study were in contrast to transmission modes previously reported for symbiotic Bacteria. The unstable infection made it impossible to establish infected and uninfected lines and compare them according to the original plan. As a results, the phenotype of Spiroplasma in N. californicus is yet unknown and currently there is no indication that Spiroplasma infected and uninfected lines differ with respect to their ability to withstand harsh environmental conditions. Nonetheless in another arthropod-symbiont system, the corn stunt spiroplasma and its vector, the corn leafhopper Dalbulus maidis (DeLong et Wolcott), it was shown that Spiroplasma-infected D. maidis have survival rates higher than non-infected individuals under conditions of starvation and cold temperatures (Ebbert and Nault 2001). 

Currently, insects are thought to be the major reservoir of Spiroplasma in nature. However, large-scale screenings and in-depth studies are required in order to determine the prevalence and phenotype of that symbiont in various mite groups. Such efforts may result in a considerable expansion of both known host range and effects of Spiroplasma in mites, and may provide insights to the use of predatory mites for pest control. For more details on the identification and characterization of Spiroplasma in the predatory mite N. californicus see Zchori-Fein et al., submitted. 

Workpackage 4 - The objectives were to develop a commercial rearing and transport system. The information and technology of this workpackage is owned by Koppert The Netherlands, therefore a detailed summary cannot be provided. Below we present briefly the main results of this workpackage. Below we present briefly the main results of this workpackage. Pollens from seven plant species (Quercus ilex, Q. ithaburensis, Pistacia atlantica, P. lentiscus, P. palaestina, P.vera and Zea mays) were found suitable as an alternative food source for N. californicus. Two small-scale mass rearing systems were developed; one on artificial arenas and the other on soy bean plants, with pollen as food source for the production of sufficient predatory mites for field trials (Argov et al., 2006). The two mite species that were found to be potentially useful as factitious host for mass rearing were identified and evaluated. At Koppert NL an economically feasible mass rearing system of the BOKU strain of N. californicus on the most promising mite species (Bolckmans et al. 2005) was developed and no negative effects of mass-rearing have been observed. A transport/storage period of 10 days at 8°C has no impact on the quality of the product. The BOKU strain of N. californicus doesn’t enter diapause under short day conditions. A simplified standard quality control procedure was developed using pollen as food and polyacrylamide gel as water source (Argov et al. 2006).
Parts of this workpackage are to made public in 2007. Three manuscripts are in preparation: I. Screening of astigmatid mites for mass-rearing of N. californicus (Castagnoli et al.); II. Demographic parameters of the selected astigmatid species for mass rearing of N. californicus (Simoni et al.); Neoseiulus californicus predation efficacy after long term mass–rearing on alternative prey (Castagnoli et al.).

Workpackage 5 - The objectives were to determine the marketing potential in Europe and identify the economic benefits of N. californicus to the growers of selected crops.  A literature survey was conducted in order to list the regions and crops susceptible to spider mites. A field study was conducted in Spain, Greece and Israel, focusing on pepper and strawberry. In addition, interviews with growers in Italy, Spain and Holland were conducted. The literature survey supports the earlier assumptions that the current use of N. californicus for spider mite control around Europe is still minimal. Currently, according to the literature survey, the IPM market share is estimated at 6% of total protected crop areas. The main reason for the small market share is the large gap between costs of biocontrol agents (integrated in a IPM program) versus acaricides (implemented in a chemical pest management program CPM). Based on these findings, as well as on the results of the field study, two main economical questions were raised: 1) What effect would this research have on the growth of IPM areas? 2) What are the expectations of additional income for growers? 

Our research focused on 3 crops with known damage caused by TSSM (rose, pepper and strawberry) and with successful experience in IPM use, in 4 countries (Spain, Greece, The Netherlands and Israel). The Spanish pepper and the Dutch rose are particularly significant due to their huge market share in Europe. According to the field study, TSSM damage is estimated at 3-5% of yield (quantity and quality). On the basis of this research and estimations by experts, 30% of this damage can be prevented, increasing income by 1-1.5%. This is significant in financial terms, and its importance increases when taking into account the importance growers ascribe, to attributes of biological treatment of TSSM within the IPM package, on their decision whether to use an IPM package. More than 30% of the CPM growers who participated in the field study claimed that an improvement of the biological treatment against TSSM would cause them switch to IPM.

A decrease of 40% in N. californicus production costs is expected as a result of this research, and an additional 40% decrease is expected due to other improvements resulting from R&D research. Overall, a 50% decrease in the price of N. californicus is expected, compared to prices in 2005, with a significant impact on the expense to the growers. The range of the reduction in expenses is between 100 euro per hectare (Spanish strawberry) and 600 euro per hectare (Dutch rose).  For most growers researched, it is estimated at 150-200 euro per hectare. This also significantly reduces the gap between CPM and IPM expenses. The IPM areas are expected to expand from the current 5,700 hectare to 16,600 hectare. This figure indicates long term potential, with a slow implementation process which will be affected by numerous other factors. The additional profit to the IPM growers is estimated at 16.6 million euro per year. In the long run, this is an expression of the total economical value of the research. 

An additional product of this Workpackage is the development of methodology for economical-quantitative estimation of IPM scientific research. The results strengthen the justification and need of expansion of the research to other countries and crops, such as Spanish Clementine, other ornamentals, especially chrysanthemum in the Netherlands, and deciduous orchards in eastern Asia. 
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 2. Dissemination and use
Exploitable knowledge and its Use

	Nr.
	Exploitable results
	Sector(s) of application
	Commercial use timetable
	Patents or other IPR protection
	Owner & Other Partner(s) involved

	1
	Techniques for identification of strains of Nc: morphometric characteristics for distinguishing strains.
	Scientific researchers

Biocontrol industry

Regulatory services
	2006
	none
	Public information

	2
	New strain of Nc which is efficacious under low humidity. Protocol for identifying arid tolerant strains of predatory mites
	Biocontrol industry

Growers


	2006
	none
	Public information

	3
	User guidelines for the Nc strain in different crops. 

Release techniques for Nc. 


	Biocontrol industry

IPM advisors

Growers

Biocontrol industry

IPM advisors

Growers


	2006

2006
	none
A patent application on a mechanical release device submitted in The Netherlands on July 3, 2006 by KNL.
	The user guidelines will be public information.

The release device will be commercially available to the public

	4
	Technique for identification of symbionts of Nc. 

	Scientific researchers


	2006
	none
	Public

	5
	Economic industrial rearing method for Nc. A new factitious host for rearing Nc
	Biocontrol industry
	2006
	A PCT patent application for using a factitious rearing host has been filed on December 31st, 2005.
	KNL



	6
	Market study. Economic benefits for the farmers.
	Biocontrol industry

IPM advisors
	2006
	none
	Consortium


1. Techniques for identification of strains of Nc
· Description: Two techniques for distinguishing strains of Nc have been evaluated: (1) the use of morphometric characteristics and (2) the use of diagnostic molecular markers. Separation of strains was achieved by  morphometric characteristics, whereas suitable diagnostic molecular markers have yet to be found.
· Exploitation method: The results can be exploited by institutes with expertise in using morphometric characteristics as a research tool.

· Further additional research: We propose that further research should focus on identifying suitable molecular markers that can distinguish strains of Nc and phytoseiid predators in general.
· Intellectual Properties Rights protection measures: none

2.  New arid tolerant strain of Nc
· Description: 

· New strain of Nc which is significantly more efficacious under low humidity conditions than other Nc strains. 

· Protocol for screening arid tolerant strains of predatory mites

· Exploitation method: 
· The arid tolerant strain will be produced and commercialized by KNL and other interested producers. 

· The protocol for screening arid tolerant strains of Nc will be available to the public (see publications in submission and preparation).

· Intellectual Properties Rights protection measures: none

3. User guidelines in different crops

· Description: 

· Release techniques for Nc: different release techniques have been developed.
· User guidelines for the Nc strain in different crops.

· Exploitation method: 

· Standard release techniques by sprinkling and blowing have been developed and made publicly available. 
· A new device has been developed for mechanically releasing predatory mites in crops which are difficult to access, such as greenhouse chrysanthemums. The user guidelines and release techniques for Nc have been made publicly available and implemented by IPM advisors at the farmers level (www.koppert.nl).
· Intellectual Properties Rights protection measures: 
· A patent application for the mechanical release device was submitted in the Netherlands on July 3, 2006.

4. Identification and usage of symbionts

· Description: 

· Technique for identification of symbionts of Nc. 

· Usage of symbionts for the improvement of predatory mites as biocontrol agents

· Exploitation method: 
· The results can be exploited by institutes with expertise in molecular techniques as a service to the biocontrol industry. Scientists can use it as a research tool.

· The symbionts identified (new to science) and identification methods have been recently submitted (see publications). 

· Further additional research: 
· Additional research is needed to investigate the possibility to use symbionts to improve strains. 
· In case of harmful symbionts additional research is needed to determine how to remove such symbionts from a culture or how to prevent them from contaminating a mass-rearing culture.

· Intellectual Properties Rights protection measures: none

5. Economic mass-rearing method and factitious rearing host

· Description: 
· Several species of astigmatid mites have been evaluated by KNL and ISZA as potential rearing hosts. One species has shown to be an excellent food source for N. californicus under laboratory conditions. Large scale rearing has shown that this species is very suitable as a mass-rearing host.

· The knowledge developed in this project towards using Astigmatid mites as factitious rearing hosts has paved the way for the development of mass-rearing systems for other phytoseiid predators, such as the recently launched product Amblyseius swirskii.

· KNL will use the technology to mass-rear Nc and make the product available to farmers through its local subsidiaries (e.g. KSP) and distributors (e.g. BH, SCH, CHAR). 
· Exploitation method: 

· Part of this research has been made public through a scientific publication.

· The results will be exploited directly by KNL and its local subsidiaries and distributors. Where appropriate, KNL will license the production technology or the production distribution rights to other suppliers and producers of biological control agents.
· This novel rearing method will allow production of Nc at a substantially lower cost which will allow to release Nc at higher quantities in different crops. Therefore, biocontrol of spider mites will become more reliable and less chemical acaricides will be needed.

· A potential obstacle could be the need to apply for release permits or registration (depending on the country) for the prey mite under the new regulations which are currently developed in several countries in the European Union. Release permit applications have already been submitted to the relevant authorities.
· Further additional research: Additional research is being conducted to: 

· determine other astigmatid mite species which are suitable as rearing hosts for Nc,
· optimize the medium, feeding strategy and climatic conditions for rearing the factitious rearing hosts; 

· Intellectual Properties Rights protection measures: A worldwide PCT patent on the use of a factitious host mite for mass rearing Nc and for a slow release breeding sachet has been submitted on December 31th, 2005. 
6. Market Study

· Description: a market study has been made about the market potential for a new arid strain of Nc and its economic benefits for the farmers.
· Partners involved in exploitation: all SME’s from the consortium will be able to exploit the results of this market study

· Exploitation method: all SME’s from the consortium will be able to use the results of this study to direct their marketing efforts for commercializing the new arid tolerant strain.

· Further additional research: none.

· Intellectual Properties Rights protection measures: none

Dissemination of knowledge
1. Patents and Publications (published, submitted and in preparation). 
Argov Y, Berkeley M, Domeratzky S, Melamed E, Weintraub P, and Palevsky E (2006)  Identification of pollens for small scale mass rearing of Neoseiulus californicus and a novel method for quality control. IOBC wprs Bull Integrated Control in Protected Crops, Mediterranean Climate 29(4):126-132
Bolckmans KJF, Houten YM van, Baal E van, Castagnoli M, Nannelli R, Simoni S (2005) Mite composition comprising Glycyphagidae and phytoseiid mites thereof, Method for rearing a phytoseiid predatory mite, rearing system for rearing said phytoseiid predatory mite and methods for biological pest control on a crop. PCT/NL2005/000899, 29 december 2005

Castagnoli M, Nannelli R, Tarchi F, Simoni S. I. Screening of astigmatid mites for mass-rearing of Neoseiulus californicus. In preparation
Castagnoli M, Nannelli R, Guidi S, Simoni S. Neoseiulus californicus predation efficacy after long term mass–rearing on alternative prey. In preparation
Guichou S, Tixier M-S, Kreiter S. Assessment of morphological and molecular variation among strains of the species Neoseiulus californicus (McGregor) (Phytoseiidae). Submitted to the Proceedings of the International Conference of Acarology, Amsterdam, 2006.

Palevsky E, Gal S, Walzer A, Schausberger P. Evaluation of arid adapted strains of the predatory mite, Neoseiulus californicus, for spider mite control on cucumber, strawberry and pepper. In preparation
Palevsky E, Weintraub PG, Zchori-Fein E, Gal S, Mozes-Daube N, Argov Y, Castagnoli M, Liguori M, Nannelli R, Simoni S, Tarchi F, Guidi S, Goggioli D, Sabbatini Peverieri G, Schausberger P, Walzer A, Enigl M, Kreiter S, Tixier MS, Guichou S, Bolckmans K, van Houten Y, van Baal E, Belda JE, Steinberg S, Shapira N, Charantonis D, Tsalis G, Holmqvist R, Gullans S, Gross M, Peternel P, van der Blom J, Mesa JCP, Rosenthal G, Goldfarb O.  Development of an economic rearing and transport system for an arid adapted strain of the predatory mite, Neoseiulus californicus, for spider mite control. Submitted to the Proceedings of the International Conference of Acarology, Amsterdam, 2006.
Simoni S, Nannelli R, Goggioli D, Castagnoli M. II. Demographic parameters of the selected astigmatid species for mass rearing of Neoseiulus californicus. In preparation 
Simoni S, Walzer A, Castagnoli M, Liguori M, Palevsky E, Schausberger P. Strain ranking of Neoseiulus californicus on the basis of demographic parameters at low humidities. In preparation 
Walzer A, Castagnoli M, Simoni S, Liguori M, Palevsky E, Schausberger P. Identification of a dry-adapted Neoseiulus californicus strain: egg hatchability, juvenile survival and oviposition at low humidities. Submitted to the Proceedings of the International Conference of Acarology, Amsterdam, 2006.

Walzer A, Castagnoli M, Simoni S, Liguori M, Palevsky E, Schausberger P.  Life history of Neoseiulus californicus at low humidities and  identification of a dry-adapted strain. Submitted to Biological Control
Weintraub P, Kleitman S, Shapira N, Argov Y, Palevsky E (2006) Efficacy of Phytoseiulus persimilis versus Neoseiulus californicus for controlling spider mites on greenhouse sweet pepper.  IOBC wprs Bull Integrated Control in Protected Crops, Mediterranean Climate 29(4):121-125
Weintraub PG, Kleitman S, Shapira N, Palevsky E.   Neoseiulus californicus:  field evaluation of an effective predator of spider mites on sweet pepper.  In preparation
Zchori-Fein E, Enigle M, Mozes-Daube N, Schausberger P. Identification and characterization of Spiroplasma in the predatory mite Neoseiulus californicus (Acari-Phytoseiidae). Submitted to Submitted to J Appl Microbiol
2. Project website

A project website was launched in June 2005, containing participant information, minutes of the meetings and relevant links www.evergrant.com/euromite.
3. Flyers, User Guidelines

The SME’s will develop and publish flyers and user guidelines. These will be made available on paper and through the websites of the SME’s, particularly through the website of KNL (www.koppert.nl).
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