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ABSTRACT

KEY WORDS

Since 2007, in Sicily, plant health protection against citrus mealybugs is taking place through
the Biofactory of Ramacca, in the Plain of Catania, a property of the Institute for Agricultural
Development of the Sicilian Region (i.e. Ente per lo Sviluppo Agricolo, E.S.A.). The
Biofactory is unique being aimed to produce industrial quantities of auxiliary insects and is
a center of European interest because it is fully organized to provide means of biological fight
imposed by the Directive 128/2009/EC, which requires, from 1 January 2014, farms to
comply with the application of general principles of integrated pest management. In this paper
we examine structural features of the Biofactory, breeding techniques empoyed and results
obtained in the period 2007-2013, which allowed many companies, from 200 to 360 ( i.e.
20% —35% of the regional surface operating in organic citrus production) to be able to employ
biological weapons against pest insects. We analyze dynamics and results of production
deriving from the approval and adoption, by the owner (E.S.A.), of a new "discipline" that
governs the assignment of insects to farmers at a very low price to balance E.S.A.'s purposes,
which is both to ensure adequate performance in order to pursue institutional support to
agriculture and, considering the Insitute’s economic nature, to partially cover the production
costs incurred to ensure the service. The continuity of the project is assured by the ongoing
program for the period 2013-2020 with an enlargement of the array of entomological
production aimed at intercepting the needs of new productions (i.e. greenhouse horticulture,
vines, ornamental and fruit trees).
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INTRODUCTION

A biofactory (or commercial insectary) is a
structure in which takes place the breeding of
arthropods on an industrial scale, aimed at the
production of living organisms to be released in
large amounts into the environment in the context
of techniques of biological control and integrated
pest management. On the contrary, the insectary is

a breeding realized for scientific purposes.

The multinationals of chemistry have never seen
welcome the birth of biofactories, because the
organic product stands as alternative to the use of
pesticides (Tremblay, 1988; Pollini et al., 1988;
Goidanich et al., 1990; Flint, 1991; Grafton-
Cardwell & Reagan, 1995; Pollini, 1998; Ferrari et
al., 2000, 2006; Masutti & Zangheri, 2001; Muc-
cinelli, 2006; Penny & Cranston, 2006).
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There are reports of a first biofactory already in
1916 in Santa Paula, California, the “Limoneira
Company”. In 1931, there were 16 and produced
especially insects antagonist to citrus mealybugs
like the coccinellid Cryptolaemus montrouzieri that
is bred and successfully launched today.

In Northern Europe biofactories are used for
biological control in greenhouses: here the chemical
control had shown its serious limitations in the
effectiveness of and compatibility with healthy
products. In fact, the glass or plastic covers are an
insurmountable physical barrier for antagonists of
harmful species, warming accelerates the develop-
ment of both plants and pests, the collection of the
products can not be reconciled with respect to the
"waiting period" fixed by law between chemical
treatment and collection and, not least, greenhouses
turn out to be "gas chambers" for the farmers who
work therein.

A careless use of chemical products in agricul-
ture with the aim to maximize the production has
led over the years to a number of disorders that have
resulted in considerable damage to the environment
and to humans. Many chemicals have been banned
and the defense of the plants has been oriented to
the use of alternative methods equally effective and
safeguarding the ecosystems (De Bach et al., 1969;
Viggiani, 1977; Chiri, 1987; Walde et al., 1989;
Celli et al., 1991; Hoffmann & Frodshan, 1993;
Luck et al., 1996; Murdoch et al., 1996; Ferrari, et
al., 2000; Vacante & Benuzzi, 2004; Sorribas et al.,
2008, 2010; Tena & Garcia-Mari, 2011).

Figure 1. Biofactory of Ramacca, Catania, Italy, Institute for
Agricultural Development of the Sicilian Region (E.S.A.).

The first biofactories in Europe born in England
and Holland around 1960 and, since then, have
always grown both in number and in quantity of
species bred and used. Today in Europe there are 26
biofactories with more than 30 species raised and
excellent qualitative-quantitative standards.

In Italy there are only two biofactories: the
first (in order of construction) is in Cesena
(1987/90) while the second is in Sicily, in the Plain
of Catania (Figs. 1, 2) in the territory of Ramacca
(2001/03) (Greco 2014a, b). The latter is mainly
distinguished by the quality and quantity of its
products supplied aiming more at the diffusion of
breeding techniques rather than for commercial
purposes. Both biofactories serve an agricultural
area which is considerably increasing in size, and
achieve agricultural productions with the least
possible impact on the territory, sustainable for the
planet, whereas in other parts of the world, biolo-
gical control has totally replaced chemical poisons.

Yet here, in the Mediterranean, people are not
deeply aware of the benefits of this resource and the
many solutions it offers, but the products of a
biofactory are going to become even more relevant
in the light of Directive 128/2009 / EC establishing
a framework for Community action to achieve a
sustainable use of pesticides.

This Directive was transposed into Italian law
by Legislative Decree 150 of 14 August 2012. Since
1 January 2014, professional users of phytosanitary
products (art. 19) should apply the general prin-
ciples of integrated pest management required

Figure 2. Biofactory of Ramacca, Catania, Italy:
biofactory corridor.
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among which is reported, as technical and funda-
mental element, the use of biological means of
struggle.

EXPERIENCE IN SICILY, AT THE CENTER
OF THE MEDITERRANEAN: THE BIOFACT-
ORY OF RAMACCA

In 1996 the Sicilian Region has commissioned
the Institute for Agricultural Development (i.e.,
Ente per lo Sviluppo Agricolo, E.S.A.) to study the
possibility of implementing attive interventions of
biological control. From that date until today
E.S.A. carried out:

1) a preliminary plan for measures of biological
control of Ceratitis capitata (Mediterranean fruit
fly) at regional scale, prepared in collaboration with
the FAO / IAEA Agriculture and Biotechnology
Laboratory.

2) the planning of a biofactory alternative to the
first one, to be built in Ramacca (Catania), aimed
at the production of 3 species of insects beneficial
to citrus cultivation (Aphytis melinus, Cryptolaemus
montrouzerii, Leptomastix dactylopii) and 1 insect
to be employed in horticulture. Digliphus isaea
Walker, 1838 (Hymenoptera: Eulophidae).

Actually, it was funded and implemented only
the second project in which the biofactory of
Ramacca is designed to be a flexible pole of pro-
duction of material (insects) to be used in agricul-
ture for most programs of biological or integrated
control. For its start-up phase of production, have
been considered, as reference, those crops that,
more than others, are susceptible to these kinds of
initiatives for their technical and economic charac-
teristics: citrus and protected horticulturals. There-
fore the biofarm has been designed and equipped
for the production of:

a) 3 insect species beneficial to biological
control programs for citrus cultivation (Aphytis
melinus, Criptolaemus montrouzerii, Leptomastix
dactylopii);

b) 1 insect used for integrated pest management
of vegetables and flowers grown under cover
(Diglyphus isaea).

The factory is located in the territory of
Ramacca (Catania), Margherito district, on a total

area of approximately 3.5 hectares that can be
potentially increased and improved in case of
changed conditions of the market.

The biofactory is composed of:

a) 1 shed of 2,500 sqm (72 ml, 10.00 ml x 34,30)
which houses cells in a controlled and conditioned
environment;

b) 6 greenhouses, each of 100 sgm ca. (10.00
ml x 10.00 ml), five of which are used for the
production of Diglyphus isaea and one for Lyri-
omiza (guest of Diglyphus), this latter room is
placed at a safe distance to avoid contamination
between competitors since both species are raised
in purity.

The 6 greenhouses are heated, to prolong the
production season even in the coldest months
(January and February), and equipped with an
adequate irrigation system to allow the cultivation
of bean plants in pots placed on anti-algae cloths;

¢) 1 office building of 350 sgm (ml 34.30 ml x
10.00 ml).

The shed is composed of 36 rooms including
cells, work rooms, service corridors, warehouse,
workshop, toilets and trasformer room, central
cooling and boiler. Cold storage and processing
rooms are 28, divided as follows:

9 for Aphytis melinus;

6 for Criptolaemus montrouzerii

4 for Leptomastix dactylopii

9 in common for Criptolaemus montrouzerii
and Leptomastix dactylopii.

BREEDING TECHNIQUES OF INSECT
PRODUCTS IN BIOFACTORY

Aphytis melinus De Bach, 1959
Hymenoptera Aphelinidae

Aphytis melinus (Figs. 3, 4) is a parasitoid of
Aonidiella aurantii Maskell, 1879 (Rhynchota
Homoptera Diaspididae), or California red scale, a
major pest of citrus, but it can also parasitize other
species such Diaspididae Aonidiella citrina
(Coquillett, 1891) and Aspidiotus nerii Bouché,
1833 (Flanders, 1953; De Bach & Argyriou, 1967,
Abdelrahman, 1974; Rosen & Eliraz, 1978; Rosen
etal., 1979; Luck et al., 1982; Orphanides, 1984;
Yu et al., 1986; Opp & Luck, 1986; Reeve, 1987;
Yu & Luck, 1988; Rodrigo & Garcia-Mari, 1990,
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Figure 3. Aphytis melinus
(Photo by “Centrale Ortofrutticola of Cesena, Italy).

1992; Hare & Luck, 1994; Heimpel & Rosenheim,
1995; Tumminelli et al., 1996; Gottlieb et al., 1998;
Pekas et al., 2003; Pasotti et al., 2004; Rodrigo et
al., 2004; Pina, 2007; Pina T. & Verdu M.J., 2007,
Vacas et al., 2009; Vanaclocha et al., 2009).

Agricultural use of the insect: A. melinus is
launched at the adult stage and disperses easily in
all the citrus grove, possessing excellent research
skills. In citrus infected is good practice to make a
winter treatment with white oil at 2-2.5%; this
allows to reduce, albeit only partially, the wintering
population of the cochineal. The parasitoid is
launched following a pattern that includes a series
of consecutive launches after the flight detection of
cochineal males in late April-early May. When the
plan of biological control is set up, in the first year
are expected about 10-12 launches, 2/3 of which to
be carried out in April-May-June until mid-July,
while the remaining 3 or 4 launches take place from
mid-September to throughout October. In the
months of April, May and June, launches can be
made every two weeks, moving on to a weekly
frequency when temperatures increase. 8,000 to
12,000 parasitoids per hectare, for a total of 100 to
150,000 / ha for production season are launched. In
2-3 years the intensity of the pest is reduced so that
is possible to reduce proportionally the number of
lauches, limiting them exclusively to the spring-
summer period. It is very important to pay attention
to chemical treatments performed before and to
those that will take place.

Breeding techniques and production cycle in
biofactory: breeding of Aphytis melinus is made in

Figure 4. Climate cabinets with Aspidiotus nerii bred on
pumpkins for developing of Aphytis melinus.

climate cabinets, using the parthenogenetic strain
of Aspidiotus nerii bred on pumpkins.

Pumpkins are kept in cells furnished with metal
shelves; the environment of the cells is adjusted so
as to have 13 + 1 °C and 50 £ 5% RH; pumpkins
are previously washed and disinfected.

The production process has a duration of about
60 days, breeding is carried out in two areas: one
for the multiplication of the host and one for the
production of the parasitoid. Even the Aspidiotus
nerii (host) is reared in cells whose furniture is
made of metal shelving with lozenges. The nymphs
of Aspidiotus are then collected and placed in a jar
before inoculating other pumpkins. The environ-
mental conditions for the breeding of Aspidiotus are
the following: temperature 26 + 1 °C, RH 50% + 5.

At the 45th day, before the spill of nymphs, 10%
of pumpkins are brought in the cells for develop-
ment of Aspidiotus for harvesting nymphs to be
used for the inoculation of pumpkins, whereas the
remaining 90% is iplaced in plastic bins for
the production of A. melinus. Pumpkins are put in
contact with A. melinus for 24 h.

The adults are taken after 24 h, blowing carbon
dioxide to saturation. After inoculation, pumpkins
can be placed in the two cells intended for the pro-
duction dell'’A. melinus, air-conditioned to 26 + 1
°C and 50 + 5% RH. After 10-15 days, A. melinus
newborn are collected after release of carbon dio-
xide. Insects fall to the bottom of the cabinets and
are put within cylinders where are measured volu-
metrically. Adults collected are packaged in trays
of 10,000 or 25,000 insects containing honey as
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(Photo by “Centrale Ortofrutticola of Cesena, Italy).

Figure 5. Leptomastix dactylopii

feed. Packages can be stored for a few days in the
refrigerator ventilated at 15 °C. The production
ratio is 1: 3.

Leptomastix dactylopii Howard, 1885
Hymenoptera Encyrtidae

Parasitoid (Fig. 5). Endophagous of Planococ-
cus citri Risso, 1813 (Rhynchota Homoptera
Pseudococcidae) (Fig. 6) (Chandler et al., 1980;
Tingle & Copland, 1988, 1989). The United States
are its country of origin and its cycle in nature takes
place on mealybugs, P. ficus Signoret, 1875, P. vitis
Ezzat et McConnell, 1963 and, in laboratory
conditions, spread also over other hosts.

Natural cycle and agricultural use of the insect:
at 25 °C, and 75% humidity, the cycle of L. dac-
tylopii takes about 21 days. Adults, 12 hours after
the flicker, begin to mate. Females move on the
pseudococcid colony seeking - measuring them by
antennas - for the nymphs with appropriate shape
and age where to inject the eggs (one for each
victim). From each egg comes out a larva that, in
13 days, making three mutes and through four larval
stages, becomes pupa, at first light in colour, then
darker. After a week from ‘pupation, the adult
flickers. Particularly remarkable it is that the larva
produces chitin and hardens the outer wall by an
aeroscopic plate from which it breathes atmospheric
oxygen. At the end of metamorphosis, by the
chewing apparatus severs an operculum placed in
anal position of the host and flickers. L. dactylopii

Figure 6. Planococcus citri
(Photo by “Centrale Ortofrutticola of Cesena, Italy).

is an insect yellow honey with three simple eyes.
Its sizes range from 0.5 to 6 mm (11 antennomeres).
Males have longer and silky antennae with 10
antennomeres, females shorter and hairless (11
antennomeres). L. dactylopii is marketed at the
adult stage and can be used on citrus fruits in com-
bination with Criptolaemus montrouzieri and on
ornamental plants infested by Planococcus citri.

Breeding techniques and production cycle in
biofactory: the production cycle of L. dactylopii
takes place entirely in climate cabinets. The host is
P. citri (mealybugs) which is bred on potato sprouts
etiolated in areas separate from those of the para-
sitoid. For storage of potatoes are used cells condi-
tioned to 5 °C and 50 +/- 5% relative humidity. The
breeding cycle of the parasitoid lasts 9-10 weeks.
In the first stage, are produced etiolated shoots of
potato which, after 2-3 weeks, are infested with the
citrus mealybug. When nymphs are ready, L.
dactylopii is inoculated. After 20 days the adults
are collected with aspirators and packed in jars of
100 individuals. Insects can be stored at 15 ° C, if
well fed with appropriate diets.

Cryptolaemus montrouzieri Mulsant, 1850
Coleoptera Coccinellidae

Polyphagous predator (Hodek & Honek, 1996.
Milan Vargas, 1999) that can live at the expense of
several Pseudococcids or even other insects (Figs.
7, 8). The adult measures about 5-6 mm has
black elytra, while the head, chest, abdomen and
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Figure 7. Cryptolaemus montrouzieri
(Photo by “Centrale Ortofrutticola of Cesena, Italy)

extremities of the elytra are orange. At a constant
temperature of 25 °C females live about 60 days
and, during this time, lay 60 to 120 eggs.

Eggs are located close to the cottony ovisacs of
the prey so that and the young larva, just shelled,
can easily reach its preferred food: eggs and young
nymphs of the pest.

The Coccinellidae larva goes through four
stages before pupating (by attaching to a support)
after which it becomes an adult. It has a waxy
coating to camouflage itself onto the colonies of P.
citri, but cannot be mistaken for its larger size and
its mobility. The cycle from egg to adult lasts, at 25
°C, 35 days. It is an insect native to Australia and
therefore sensible to harsh winters; it has already
acclimatized in many areas of southern Italy and, in
the islands, winters as an adult.

Agricultural use of the insect: Cryptolaemus is
sold at the adult stage. On citrus fruit it is used in
association with Leptomastix dactylopii especially
in the hotbeds of infestation, which are out of
control of the parasitoid. In the field, it is employed
from June up to August (3 months). Cryptolaemus
could be used also on ornamental crops in green-
houses or in potted plants; on this item, it is devel-
oping an interesting market in northern Europe.

The production cycle of Cryptolaemus takes
place entirely in climate cabinets. The host is P.
citri (mealybugs) which is bred in purity on
etiolated shoots of potato in a separate room. As
P. citri is used as host also by Leptomastix, rooms
designated for P. citri production are used for both
insects.

Figure 8. Larvae of Cryptolaemus montruozierii on
potato sprouts infested by Planococcus citri.

In particular, in a section of the biofactory, there
are cells for the storage of potatoes (at 13 °C and
60% RH); and in another section, cells for the
development of the tubers and, still, other cells for
the development of P. citri (at 25 °C and RH of 60
+ 5%) that will serve to feed both the auxiliaries
(Leptomastix and Cryptolaemus).

In another area of the building there are cells
for development of P. citri, cells for collection of
Cryptolaemus and processing rooms. The breeding
cycle of predator lasts 10-13 weeks. In the first
phase P. citri is bred in purity on etiolated sprouts
of potato. In breeding cells, potatoes are made
germinate in the dark for 2-3 weeks; the shoots are
infested with P. citri and the infestation is let to
develop for 3-4 weeks; finally there is the inoculum
with Cryptolaemus. Adults, collected after 35 days
with vacuum cleaners, are packaged in cans from
100 to 200 units. They are then counted volumet-
rically. Insects can be stored at 15 ° C, even up to a
month if well fed with an appropriate diet.

MANAGEMENT BIOFACTORY

In 2006, the managing of the biofactory of
Ramacca began with the finding of the head-
breeding strains (Aphytis melinus, Cryptolaemus
montrouzieri, Leptomastix dactylopii and Diglyphus
isaea) and of intermediate entomological materials
(Aspidiotus, Planococcus, Liriomyza, etc.) of which
such insects are parasitoids or predators. As
planned, entomological breeding aimed, from the
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beginning, at the production of Aphytis melinus,
Leptomastix dactylopii and Cryptolaemus mon-
trouzieri. At first it was even started a production
of Diglyphus isaea (greenhouse parasitoid on Liri-
omyza trifolii, L. bryoniae and L. huidohernsis) then
abandoned because of the uneconomic production
cycle.

Until 2011 the entomological material was
distributed free to farmers through peripheral com-
panies belonging to E.S.A. (i.e. SOPAT, Offices for
the Antiparasitic Fight) and to the Department of
Agriculture and Forestry (SOAT, OMP).

The criteria developed by the Administrative
Department of biofactory included a distribution of
the product to farmers cultivating citrus, to organic
or converting to organic farms, and to farms that
apply and implement criteria of integrated pest man-
agement, according to a programming technique

agreed with local Institutes that provide agricultural
technical assistance (ESA, SOAT and the Office of
Agriculture and Forestry).

The reaching of full production was expected by
the third year (29 March 2009), during which it has
been programmed the full activity of the building
with the following annual production levels:

Aphytis melinus 67,200,000 individuals;

Cryptolaemus montrouzieri 350,000 individuals;

Leptomastix dactylopii 1,000,000 individuals;

Diglyphus isaea 1,900,000 individuals.

Data management in the period 2006-2011

During the period 2006-2011 (Fig. 9), insects
have been distributed free to regional farms and
other applicants who had a purpose in the public in-
terest, including regional and national Universities,

Trends observed in citrus treated with insects of the Biofactory of Ramacca in 2006-2011

orange groves

Number of farms, by size classes, that used
Leptomastix dactylopii in 2011
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Figure 9. Data management in the period 2006-2011 (Source E.S.A.).
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Regional Departments, Development Services,
Institutes or Development Agencies of other Italian
regions.

Maximum productions were distributed in 2010-
2011, mostly to citrus farms, for a total of more than
4,300 hectares distributed in 325-355 entities.
Noteworthy, as for the 2010-2011 data, there is a
significant increase in production (+ 50% compared
to 2010), correlated with a stabilization of the
“protected” area, amounting to 4,361 hectares (-28
hectares compared to 2010); the maintenance of the
substantial number of seasonal launches can be
explained by a kind of loyalty of the users who, in
manifesting an appreciable degree of satisfaction,
show confidence in using alternative means of
organic production.

Data management in the period 2012-2013

In 2011, it was suggested to apply a reduced
price to Sicilian farms. This is to contribute to the
costs of production that, every year, E.S.A. supports
to ensure its performance. So it was approved and
put into effect a new "Discipline™ which regulates
the sale of insects to farmers at a "price of contri-
bution”, in order to proceed, gradually, to com-
pensate production costs. The "price of contribu-
tion", which ranks, by definition, below the values
of the free market, reconciles the needs of the
Istitute, which has to ensure adequate performance
in providing institutional support to agriculture,
with its financial nature aimed to partially cover the
costs of production. This regulation does not
exclude the transfer of beneficial insects also in
favor of other subjects, in different places (extra-
regional) and, possibly, for different purposes
(agricultural as well as commercial or public). In
this case, the above mentioned constraints do not
apply, so that E.S.A. can set the products at different
prices (to be considered net of shipping), commen-
surate with market values.

Application of new "Rules"” recorded a drop in
distribution in 2012-2013, and, during a period of
6 years of free distribution, it obviously resulted in
a big change of the demand of the three species. A
first effect of the new regime can be seen in the
production levels of 2012-2013. In particular (Fig.
10), the amount of Aphytis melinus, Leptomastix
dactylopii and Cryptolaemus montrouzieri -
although often reached high profiles above those of
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feasibility - stood at levels significantly lower than
those of 2011, i.e. 139-149 million, 672-1766 thou-
sand and 233-277 thousand individuals, respect-
ively. In 2012, production reached 119% of what
expected in steady-state conditions,(i.e. +19% ).
Briefly, these results can be explained with a
production trend that had to take into account users’
requests, which resulted in a change of strategies
and productive quality (when possible) that af-
fected, for example, the extent and availability of
traditional raw materials to be acquired (potatoes,

Observed production of Aphytis melinus compared
with expected production
250.000.000
v
S 200.000.000
-
E 150.000.000 —a— observed production
§ 100.000.000 —#— expected production
50.000.000
2006 2007 2008 2009 2010 2011
years
Observed production of Cryptolaemus montrouzieri
compared with expected production
700000
2 600.000
2 500.000
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s 300.000 —8— expected production
E 200000
100.000
2006 2007 2008 2008 2010 M
years
Observed production of Leptomastix dactylopii
pared with expected production
6.000.000
g 5.000.000
= 4.000.000 —a— observed production
S 3.000.000 —u— expected production
£ 2000000
1.000.000
2006 2007 2008 2009 2010 2011
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Figure 10. Development of production of Aphytis melinus,
Leptomastix dactylopii and Cryptolaemus montrouzieri than
expected feasibility (Source E.S.A.).
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var. “Spunta” and “Desiree” and pumpkins var.
“Butternut™). Another cause is to be found in distri-
bution fees, which were fixed in the absence of
solid experience of huge productions and, therefore,
of necessary and useful market information. Finally,
the price of each insect certainly influenced the
users’ choise. For example the price / effectiveness
or cost/utility ratio for Aphytis melinus was con-
sidered, by the regional users, more convenient
than those fixed for Cryptolaemus montrouzieri and
Leptomastix dactylopii.

Profile of user companies in 2012-2013

Quantitative aspects of each entomological
entity distributed to regional farms are of course
also reflected on land statistics. In fact, Users (i.e.
farms), primarily engaged in citrus cultivation, were
more than 200 (213 to 298), for an area of at least
2,300 Ha. Just to quantify, 2,152 Ha of orange
groves, 313 ha of lemon groves, 91 Ha of mandarin
groves and 51 of clementine groves took advantage
from the service provided by E.S.A.

The new payment system had a negative impact
not only on the lemmon groves of Syracuse: also
other citrus groves suffered a regression of land
extensions which reached its peak in the areas
planted with orange trees. It also follows, that the
biological defense against the citrus mealybug, (P.
citri) and red scale (A. aurantii) by Aphytis melinus,
Cryptolaemus montrouzieri and Leptomastix dac-
tylopii, decreased to 2,441, 1,027 and 540 Has, re-
spectively, Siracusa and Catania remain the
provinces where biological fight is mainly per-
formed, followed by an increasing number of farms
in Agrigento province. Hence it is indirectly con-
firmed that the location of the Biofactory (Ramacca,
Catania) is in line with the geographical distribution
of its real users.

The profile of the more than 298 farms that, in
2012, took advantage of the service of the Biofact-
ory of Ramacca is best represented in figure 11.
Companies that follow programs of integrated
biological defense or integrated fight in citrus and
benefit of the insects provied by the biofactory have
predominantly a size less than 5 hectares (161, 48
and 27 farms can be listed for A. melinus, L. dac-
tylopii and C. montrouzieri, respectively). Medium-
sized companies were those that, in 2012,
performed more seasonal launches of Aphytis

melinus with an average of about 3.8; but also the
other companies showed average values (3-4
seasonal launches).

For C. montrouzieri the number of launches is
inversely proportional to the company size, ranging
from about 1 for small farms to 0.6 for larger ones.

Asimilar pattern was confirmed for Leptomastix
dactylopii with about. 0.8 launches for companies
under 5 Ha and. 0.4 launches for larger ones.
Average launches < 1 reveal a partial use of insects
(for organic control) that, in these cases, are not
employed on the entire surface of the citrus grove.
The new payment system had an impact also on the
number of launches that, with reference to 2006—
2011 data, appear in decline. This could be due to
a more parsimonious use of the “organic product”
but also to a kind of “users’ loyalty” (i.e., farmers
despite the new regulation, continue to show a
certain degree of satisfaction).

EVOLUTION OF SERVICE AND PRO-
SPECTS FOR SEVEN YEARS FROM 2013
TO 2020.

The last items briefly discussed in the previous
paragraph, led E.S.A. to review the current huge
production and proceed, after an initial experi-
mental phase, to the diversification of production,
to improve the bouquet offered. In this contest
E.S.A. has already started a project that will be
developed in the period 2013-2020. In particular,
the service aimed at breeding and producting huge
quantities of Aphytis melinus, Criptolaemus
montrouzerii and Leptomastix dactylopii is con-
firmed, re-thinking of new production levels, based
on all the variables mentioned before. Moreover,
seven additional experimental activities have also
been designed one for each year, to be held simul-
taneously with the aforementioned base production,
aimed at increasing the entomological list to be
employed in other contests, as viticultural, orna-
mental and floricoltural. Each experiment involves
the development of procedures for the breeding of
the following auxiliaries (see below) to be per-
formed, in proper conditions, for the production of
huge quantities of insects.

1) Cryptolaemus montruozierii larvae (predators
of P. citri, citrus mealybug);
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Figure 11. Number of companies, sorted by size classes, that used Aphytis melinus,
Criptolaemus montrouzerii and Leptomastix dactylopii in 2011 and 2012 (Source E.S.A.).

2) Chrysoperla carnea Stephens, 1836 (Neurop-
tera Chrysopidae) predator of aphids (Benuzzi &
Nicoli, 1988; Osservatorio agroambientale di
Cesena, 1991; Nicoli & Galazzi, 2000);

3) Anagyrus pseudococci (Girault 1915) (Hy-
menoptera Encyrtidae) parasitoid of Planococcus
vitis and ornamental mealybugs, P. ficus, Pseudo-
coccus longispinus, Ps. affinis, Rhizoecus falcifer
(Avidov et al., 1967; Rosen & Rossler, 1966; Islam

& Jahan, 1993a, b; Blumberg et al., 1995; Islam &
Copland, 1997, 2000).

4) Encarsia formosa Gahan, 1924 (Hymenop-
tera Aphelinidae), parasitoid of whiteflies as Trialeur-
odes vaporarorium (Westwood, 1856) (Hemiptera
Aleyrodidae);

5) Lindorus lophantae (Blaisdell, 1892) (Cole-
optera Coccinellidae) (generic predator of mealy-
bugs, also active against Aonidiella aurantii);
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6) Orius laevigatus (Fieber, 1860) (Hemiptera
Anthocoridae) predator of thrips (Tawfik & Ata,
1973; Tavella et al., 1991; Villevieille & Millot,
1991; Chatnbers et al., 1993; Vacante & Tropea
Garzia, 1993a-b; Meiracker van den, 1994; Alauzet
etal., 1994; Tavella et al., 1994; Frescata & Mexia,
1995; Tommasini & Nicoli, 1995);

7) larvae of Chilocorus bipustulatus (Linnaeus,
1758) (Coleoptera Coccinellidae)(predators of
Coccus esperidum (brown soft scale), Ceroplastes
sinenesis (Chinese wax scale), Ceroplastes rusci
(fig wax scale), Saissetia oleae (Black scale),
Carnuaspis bekii (Purple scale), Aspidiotus blacks
(Oleander scale), Chrisomphalus dictyospermi
(Morgan’s scale), Aonidiella aurantii (California
red scale).
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