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1. The monitoring network

In recent years numerous and sometimes severdidedéfs have been reported in Europe and in
other countries. The investigations conducted te tave shown that the most likely risk factors
include bee diseases, pesticide treatment, beegearant practices and climatic trends. Pesticide
treatments play a particularly critical and infltiahrole, above all if carried out in the spring-
summer season in areas devoted to intensive duttivalhe majority of the active ingredients
utilized in pesticides exert some degree of toxiom bees, and the effects can be immediate and
extremely evident if the bees are directly affectdt in the case of products used in seed coating
(eg. neonicotinoids), microencapsulated formulatiand growth regulators (IGR), the effects may
be more insidious and difficult to link specificatio the cause.

Action designed to monitor hive depopulation are lbbsses has been or is being undertaken in
various European countries. In Italy, after thelyasolated phenomena that began to be described
as from 2000, the need for a monitoring and dier@orting system became particularly urgent in
2008, when the severity of events that occurredhi spring of 2008 was highlighted. This
prompted awareness of the importance of creatimgiteon-wide monitoring system in order to
acquire knowledge on hive health and to deternhieeektent and possible causes of bee losses.

In the framework of the Italian APENET Projecthational monitoring network has been set up
in Italy, composed of surveillance modules, with least one module for each Region and
Autonomous Province. Every module consists of Bata (apiaries), each of which is in turn made
up of 10 hives, located in representative geograpteas of each Region. To date, the network is
composed of 20 modules, 94 apiaries and 940 hiMes.function of the monitoring network is to
gather information on the health status of the faeglies contained within the modules, by means
of periodic surveys and subsequent laboratory aealyperformed on the different matrices
collected (dead bees, live bees, brood, wax, ppllenaddition to routine analyses at the pre-
established dates, the programme also specifiespleaial surveys, sample collection and analyses
should be carried out at any time if abnormal miibytés reported.

Periodically (4 times a year: at the end of wintedate spring, during the summer, before winter)
the hives of each station are inspected by an tgresaith careful recording of all data concerning
bee health status (presence of parasites and gathpgqutritional status (abundance of pollen and
honey) and family status (number of bees and bramdber, age of the queen, etc.). To record the
data gathered during these periodic inspectiomspgerators fill in purpose-designed report forms;
subsequently, the data are entered on a web witevzsvenezie.it/apengetequipped with a
dedicated software program for collection and manant of the monitoring network data. The
website can be accessed by the persons in chatiye siéirveillance modules, in order to obtain real
time knowledge of the status of the hives undeentagion.

During the inspections, samples of bee matricemddbees, live bees, brood, honey, wax or
pollen) are collected for laboratory (chemical ,hymddgy and palinologic) tests. In order to compare
the data obtained from the different modules anoidagubjective evaluation of the findings, the
operators in charge of the modules have attendeairang course designed to ensure that proper
procedures are observed in data gathering, filimthe forms, utilising the IT platform, sampling
and sample management (cataloguing, storage appliisg).

The activity of the national network is furthermpgorted by the work of other local monitoring
activities, some of which are already active, willeers are currently being activated, including:

the monitoring network of protected nature areasdéd by the Ministry of the Environment
and managed by ISPRA, activated in 4 areas (VeBebija Romagna, Tuscany, Lazio);

the regional monitoring networks active in Lombardyscany, Friuli Venezia Giulia and
Piedmont, together with further regional moduleg. (&mbria, Calabria) which will
supplement those already in existence. The regiovieaeto supports its own module with
direct funding.




During the first year one module per region watsvated. Each of these modules was composed
of 5 apiaries of 10 hives each, with the exceptdrthe following regions, which activated a
monitoring programme of their own: Lombardy (50&aafés), Friuli Venezia Giulia (10 apiaries)
and Piedmont (10 apiaries).

In 2009 no cases of bee die-off or losses wererteg, except for station CLB 2 of Rossano
Calabro, which borders on the citrus-growing arethe Plane of Sibari. At this station an elevated
die-off of bees was recorded concomitantly withusttree flowering. For winter 2009-2010, the
mortality percentage recorded by the APENET momgpnetwork was 17.6% (113 dead hives out
of 753). This figure is comparable with the natibrdata obtained by the use of specific
guestionnaires, which gave a mortality percentdd®®% (2.437 dead hives out of 12.933) for the
same period.

Analyses conducted to identify any pathogenic tggeoncentrated olNosema apis, Nosema
ceranae and viruses. Results showed endemic spread of uhgu$ (Microsporidia)Nosema
ceranaethroughout all Italian regions. This fungus ham@dt completely replaced the species
previously presentNosema apis)with the exception of one apiary in the provirafeBolzano,
where both species were detected. Thus the inedistig which is still on-going, confirmed the
first reports that date back to 2007 indicating pinesence oN. ceranadan ltaly as well. Findings
obtained so far have allowed a clearer picturenefdpread of this pest over the different areas of
Italy.

Among viruses, the presence of Deformed Wing V(2/V), Black Queen Cell Virus (BQCV),
Sacbrood Virus (SBV), Chronic Bee Paralysis Vir@BPV) and Acute Bee Paralysis Virus
(ABPV), either individually or in varying combinatis, was confirmed by the analyses referring to
the 2009 samples. In none of the hives on whicllyaea were performed was the presence of Apis
Iridescent Virus (AlV), Kashmir Bee Virus (KBV) olsraeli Acute Paralysis Virus (IAPV)
detected. Our findings show that the main bee gswse present in Italy, similarly to their presenc
throughout Europe, but the presence of DWV and BQ€\Warticularly marked in Italy. It is
important to note that this is the first nation-eichvestigation based on biomolecular techniques
undertaken in Italy to examine the presence ofuresses. Previous studies, which date back to a
considerable number of years ago, were not onlitdainto just a few regions, but were also based
on electron microscope and serologic methods, wihichhat time were the only techniques
available to test for the presence of these patiggéhe new knowledge acquired on bee virus
distribution is of considerable interest and repnés a valid starting point for further research.

The data obtained from the winter 2009-2010 inspes were used as the basis for chemical
analyses on bee and wax samples, to test for essidfi organophosphate, organochlorurate,
carbamate and neonicotinoid pesticides, but noifgignt presence of these substances was
detected. These findings indicate a favourableasdn for the bee-keeping sector, apart from the
acute die-off phenomena that occurred in speaiitividual situations, and which were brought to
attention through the reporting system.

1.1 The reporting system

The monitoring network is further supported by timportant tool of the reporting system, which
makes it possible to notify the authorities of atonal events occurring in hives even if the hives in
guestion do not form part of the network. By meahshe reporting system, bee-keepers send a
notification of any abnormal mortality to the Veterry Service of the Health District that exercises
authority for their area. The Veterinary Servicehen responsible for conducting a site inspection,
collecting samples, ensuring appropriate stora2@°() and shipping the samples to the laboratory
of the Istituto Zooprofilattico Sperimentale delle VeneZi@SVe), where analyses will be
performed in cooperation with the APENET network.

In the past, above all in the spring of 2008, réq@orts on population losses or hive mortality sent
in by bee-keepers were of fundamental importancedntification and quantification of bee die-
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offs attributable to coated maize seed sowinghéndpring of 2008 all 185 of the reports proved to
have been concomitant with maize sowing, and ofi32 samples gathered and analyzed, 57.5%
tested positive for the neonicotinoids used in maized coating. In 2009 three cases were reported,
two of which were official and were submitted te tWeterinary Service during the maize sowing
period, while the third was not submitted by thiocadl route but reported directly to CRA-API. Al
three of these cases were found to be linked teamimorized utilization of coated maize seed.

During the spring of 2009, in connection with repdhat were not associated with maize sowing,
another 7 samples were submitted to the VeteriBaryices. Of these seven, 5 tested positive for
neonicotinoids, but in contrast to the previousesathese events proved to have been caused by
improper use of neonicotinoid sprays in orchards. the other 2 samples the analyses did not
detect the presence of residues.

With regard to the spring of 2010, reports (tablelid not involve maize-growing areas. It should
also be noted that in 16 out of the 21 cases regpthe Veterinary Services of the Local Health
district (ASL) in charge of the given local areakaction.

Table 1 —Number of reports submitted to the veterinary sewiin the spring of 2008, 2009 and
2010 in maize-growing and non maize-growing ar&amsi(ce 1ZSVe, in the Veneto regions).

N. of reports in maize-growing | Reports in non maize-growing areas
Region Sprin Sarﬁﬁs Sprin

2%089 2%099 2%109 Spring 2009 Spring010
Lombardy 40 1 - nd
Piedmont 8 - 2 nd
Emilia-Romagna 7 1+1* - 2%* + 3*
Veneto and Trentino 20 - 3 8r**x
Bolzano - 2
Friuli Venezia Giulia 110 - 1 1
Calabria 0 - 1 1+ 2*
Basilicata - 1
Sardinia 1
TOTAL 185 2+ 1* 0 7 16 + 5*

* Unofficial reports

** One of the 2 reports concerned a station ofApenet network

*** |n two cases, we detected presence as follofusBees: Thiametoxam, Penconazole; 2. Bees:
Acetamiprid; Leaves: Acetamiprid, Iprodione, Tebogrole; the analyses of the other samples are in
progress.

nd = following direct contacts (2/7/10) with IZSPLYAst)) and IZSLER (Brescia) no official
communications of die-off were submitted.

1.2 Conclusions

The results outlined above, which highlight theulslong of the number of reports in 2010 as
compared with 2009, indicate that the integrateditoang-reporting system, configured according
to the description presented here, is capable @figing adequate information on the health status
of bee hives present in Italy, with particular refece to specific disease agents and residues of
pesticides that may cause hive mortality. The stgveonducted so far have shown that in the
absence of pesticide residues, the presenoes#gmaand bee viruses did not cause bee population
decline or die-off of bees and hives. By contreggports of acute bee die-offs were associated with
marked presence of pesticide residues.



2. Dust dispersal during coated maize seed sowingdestimated effects on bees

This research line focuses on:

- dustiness of maize seed coated with the 4 astiyedients investigated;

- guantification of dust and active ingredient dapexrl at ground level and dispersed in the air
during sowing with the modified and unmodified pm&ic seeder;

- evaluation of the effects induced in bees by éusitted during sowing;

- assessment of the productive and agronomic utifitpyaize seed coating;

- evaluation of persistence of active ingredientsail and their translocation into plant parts.

Seed dustiness was evaluated by subjecting sequlesata the Heubach test.

Quantification of abrasion-induced dust dispersednd sowing was performed both at fixed
points and during field tests, utilizing a pneuroateder equipped with a deflector pipe system.
Observations on bees were carried out during Belding trials, by placing test cages around each
trial field.

These activities are described in detail below.

The results on assessment of the productive arahagnic utility of seed coating, soil persistence
of active ingredients and translocation of theggeadients into plant tissues are reported in clmapte
4,

2.1 Seed dustiness test

According to the Heubach test ProtodDEeécription of the Heubach method for the detertnoma

of the fine dust quantity of corn seeds treatedh witecticides, Author: JKI Institute for Plant
Protection in Agriculture and Grassland, BraunsciyyeDecember 2008 coated seed must be
sampled at the source, from the direct flow up dokaging, and subsequently conditioned for at
least 48h at constant temperature and relative dityniThe aim of the test is not to check whether
the coated seed corresponds to the specificatiedsred by the manufacturer, but to provide data
on the evolution of the product during its normalite from the manufacturing plant to the seed
merchant. Such data are of use to the manufactimihggtry itself.

In this context the 2010 dustiness test was repdailowing the procedure adopted in 2009, on
hybrid maize seed PR32G44 supplied by Pioneer ded®r coated with the same four active
ingredients as used in 2009. Seed was deliver&R#&-ING on 3° March 2010. The seed samples
to be subjected to the Heubach test were immeglitkén out of the package and stored according
to the instructions given in the above Protocole Test was performed on " March 2010. The
results are shown in Table 2, where a comparisdh thie manufacturer’s specifications is also
shown.

The fine dust quantity (Table 2, column with btdttering) , i.e. the dust retained by the Heubach
cylinder filter and on which the evaluation wasfpaned, was found to be lower than that declared
by the manufacturer. The coarse dust fraction wss guantified. This fraction, not trapped by the
filter, falls to the bottom of the Heubach cylindgass filter, and it represents roughly 90% of the
total dust extracted.

As a rough estimate, by associating quantity ok fdust and doses/seed (multiplying the
corresponding values in Table 2), a ranking scal®hbtained according to which the greatest
guantity of abrasion dust-dispersed active ingmdis observed for clothianidin (with which a
greater amount of dust is produced and a highee desapplied), followed by imidacloprid,
thiamethoxam and fipronil, in this order. Althoutjtese observations refer to laboratory conditions,
which are likely to differ from operating conditisnthey proved to be helpful in subsequent
evaluation of the results obtained in the sowiradr



Table 2 —Dustiness of seed coated with the 4 active ingresli@s measured with the Heubach cylinder.

Name of t_he D;t: nSuL:‘ggifrderby Data detected by CRA-ING
commercial
product (active | Fine dust Acive Fine dust.
ingredient) (Heubach ingredient (Heubach Coars/e dust- | Total dust. a/q
filter) g/g | dose. mg/seed filter) g/q 99
Gaucho
(imidacloprid) + 1.100 1.000 0.875 10.83 11.71
Celest
Poncho
(clothianidin) + 2.430 1.250 1.833 19.16 20.99
Celest
Cruiser
(thiamethoxam) + 1.200 0.600 0.950 5.00 5.95
Celest
Regent (fipronil) 4 4 7g9 0.500 0.723 9.08 9.81
Celest

Finally, the Heubach test was also carried outaosample of trial seed from the 2009 trials,
coated with clothianidin and taken from an intaathage. The test gave a dustiness value of 1.248
g/q, analogous to that obtained in the test pertorny CRA-ING during the 2009 trials (May
2009). This testifies to the stability of the semmhting over time, as was already noted in the
conclusions to the report on 2009 activity. The sawed batch from which the above described
2009 sample was taken was also used for a “fixeat’psowing test, which allowed the seed to be
collected in vessels placed beneath the seedimgeaks; the seed was then submitted again to the
Heubach cylinder. In this case the result was 3@@§8In a possible future study on this issue, the
difference between the two values could represegpérameter to estimate both the type of “ill-
treatment” the seed suffers as it passes throughséeder and coated seed resistance to such
damage.

2.2 Fixed point Tests

The first experiences with fixed point seeders begeabe carried out by CRA-ING at the beginning
of 2008, on the assumption that these experimemsidvprovide greater knowledge on the
behaviour of the seeders and the above describgel ¢&f damage inflicted on seed. Thus
development of a fixed point system and evaluabbmachines and devices designed to abate
dispersal of abrasion dust constitutes part of dbgvities specified in the APENET research
project. During the first year of the project, thistivity could not be given top priority on accoun
of the emergency conditions in which the networlunid itself operating. However, some
procedures were developed for subsequent use settend year of the project.

2.2.1 Aims

The main aim is to devise a system capable ofngetip controllable and repeatable test
conditions for conducting observations on the b&havof pneumatic seeders equipped with or
lacking modifications designed to abate the quamtitabrasion dust dispersed in the environment.
This test system pursues the following goals:

- Determination of the concentration of the diff@ractive ingredients at ground level and in thie ai
at various distances from the seeder, testing thehme both in standard conditions and also with
any modifications that have been applied;



- Objective comparison among different machineedint modifications, etc., as the premise for a
possible certification system concerning such nraehi

2.2.2 Materials

A Gaspardo Magica six-row precision pneumatic seéglanting layout 0.75m x 0.18m, 75000
seed /ha) (Figure 1-A), was used. The seeder waippef with a system of 4 deflector pipes
which, coupled two-by-two, channel the air expelfeaim the ventilator posteriorly to the two
central coulters (Figures 1-B and C). Here the ,dagseened by the two moldboards of the coulters,
is channelled into the furrow and partially coverda soil after passage of the machine. This
system was supplied together with the machine leynianufacturer. In contrast to a universal
machine, this is a dedicated type. It is importantnote that the very cumbersome dual pipe
deflector supplied by Syngenta in 2009 could notmmeinted on the Gaspardo Magica seeder, due
to the particular structure and shape of the lafibe seeder was transported to the trial aresedai
off the ground and coupled to a tractor, in oradedfive the depressor by means of power take-off.
The power take-off regime was regulated in suchaamar as to obtain a depression of 45 mbar.

Figuré' 1 -A) Seeder utilized in the trials; B detail of vigitor with air vent orient ownwards, on which
the modification is applied; two of the four detiecpipes visible on the modification; C) two o&tfour
deflector pipes that terminate behind the coulters.

Coated maize seed as described in point 1 wagadili Prior to use, seed was subjected to the
Heubach dustiness test. To power the seed distibstystem from stationary, simulating field
seeding speed, an electric engine coupled to tive dhaft that transmits motion from the drive
wheel to the distribution organs was used (Figupg.2l'he speed of rotation of the drive wheel can
be regulated as desired, by means of an invertesrder to obtain the required peripheral speed
(corresponding to working speed). The speed of éhkwas adopted. A trial surface made of
concrete was used. For tests carried out with tbdifination, the screening effect of the coulter
and the field soil conditions were simulated bycpig plastic vessels, lined with wet jute sacks,
immediately beneath the two central coulters ineortb trap any dust dispersed by possible
turbulence (Figure 2-B).

The trial area, represented diagrammatically irufég3, necessarily had to be protected. A long
wide portico situated within the CRA-ING complex svased for this purpose, after carefully
placing drapes to close the external side. Figwslkotvs a modified atomiser (in the lower left-hand
corner) used to create controlled air speed candifi with the seeder pointing downwind. Petri
dishes and air samplers were placed at varyinguist in the monitored area. Wind, temperature
and humidity conditions were sampled continuousigjpecific instruments placed in the trial area.



Figure 2 —A) Electric motor to start up and drive the seediegice from stationary with the machine raised
off the ground; B) a container lined with a wegjsiack was placed beneath the coulter in ordemteqt the
dust against turbulence, simulating real field ¢bons.
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Figure 3— Schematic of the layout of the fixed point tridlte Petri dishes were placed to the right of the
seeder (pneumatic drill), at distances represemtinigiples of the sowing width (4.5 m, 9 m, 13.518,m
22.5 m) along three rows spaced 1.5 m apart. Tiee thir samplers were positioned along the cerdvakt
5m, 10 m and 20 m. The yellow area indicates dinepding zone. Its width of 4.5 m was determinedhsy
distance of 1.5 m between the three rows. Thessunements are important for processing the data.
Ventilatore= ventilator; Seminatrice= seeder.
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Figure 4 —Fixed point test zone. A) visualization of the smredised off the a_round , and in the lower left-
hand corner the atomizer utilized for wind genergtB) View from the opposite end of the portico,
showing the Petri dishes placed on the ground la@ait samplers at the various distances.

2.2.3 Methods
Preliminary tests were conducted in order to:
Identify the distance between the ventilator an@ theeder that can most
satisfactorily guarantee uniformity of air speerbtighout the trial area.
Define the most suitable sampling distances froenséreder.
Carry out an air speed mapping (gradient) in tia area.
Check repeatability of trial conditions.

Tests conducted

Seeder with and without air deflectorsin order to conduct observations on abrasion duf in

the two conditions (seeder with and without airlegbrs), for the controlled environment we
adopted a procedure paralleling the framework psegddor field trials both in the work carried out
by APENET (2009 Report) and also by Syngenta angeBéhe latter makes reference to the
document:BBA Drift Guideline, Part VII, 2-1.1, 1992, “Measng direct drift when applying
liquid plant protection products outdoory However, we introduced some modifications
concerning the controlled conditions. Thus in addito a series of three Petri dishes, containing a
solution of acetonitrile and water, placed at eddtance (for determination of active ingredient
concentration at ground level in the area downwinch the seeder), a series of three air samplers
was placed near the Petri dishes, along the cemval The purpose of the air samplers was to
determine active ingredient concentration in the (ppb) at various distances. The details are
shown in Figure 3. The sampling distances adopteditfe Petri dishes were multiples of the
seeder’s working width. The rationale for this ad®ivas to simplify data elaboration, by using a
form of computation capable of estimating the patt# active ingredient concentration that would
be obtained in the field under conditions (workspeed, wind speed and direction) corresponding
to those of the fixed point simulation.

Utilization of the air samplers The purpose of the air samplers is to providermation on dust
drift in the air. There is no specific reference theelology for this type of sampling in an
agricultural context as such tests are generatgnohed for air quality assessment in other work
environments, in particular industrial environmeritsthe 2009 field tests, the capsules with the
filters were placed at a sampling height of 1.7 bove the ground: this height was chosen on the
basis of the specificatiodNI CEN TR 15547:200%¢orresponding to the average air intake height
of an operator breathing in this kind of environmdn 2010, to achieve greater correspondence
with the typical conditions of bee flight, samplitgight was raised to 2 m. Air filtration was
carried out by means of 0.2n PTFE Millipore filter discs, with 37 mm diameté&ior the sampling
procedure, the three instruments were set at dloairof 5 I/min.
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The tests were conducted on the four active ingrediimidacloprid, clothianidin, thiamethoxam
and fipronil. The seeder was tested with and withthe dual pipe deflector modification.
Furthermore, as stated in 2.2.2, the seeder wasdaff the ground in order to allow the drive
wheel to rotate at the speed of 6 km/h. Three itepet were carried out for each test conditiorr. Fo
each repetition, the quantity of seed distributed & dose (25000 seeds) corresponding to 3333 sq
m. Sampling began at the start of sowing and caatlrfor an additional 5 minutes after the end of
sowing in order to allow dispersal/deposition ofsdpresent in the air (in the field trials this
additional time was 15 minutes). After each repetitresidues of dust and active ingredients were
carefully cleaned away from the trial area by asjpon.

Sample treatment and analysisThe Petri dish samples were treated accordirigeanstructions
provided by the industry at the beginning of theEAREET project. The acetonitrile solutions
containing the dust deposited after the sowing tmere preserved in the freezer and away from
light. Samples were analyzed at CRA-PAV of Romeoadiag to the HPLC MS/MS method,
applying the methodologies devised by the manufaxgucompanies for Imidacloprid and for the
other active ingredients at the time of producistegtion. An analogous method was adopted for
analysis of the air sampling filters.

Elaboration of the test result§ he results of the analyses provide data on adieal seeded area
measuring one-third of a hectare; the data areerdrated in a sampling area 4.5 m wide and 22.5
m long. Thus the expected quantities of activeadgmnt are very elevated. This partially explains
why no observations on bees were set up duringttieds, as the situation does not correspond to
real exposure conditions.

Analyses were also conducted on the Petri dishetetermine the quantity of active ingredient
contained in each dish d/dish). The quantity was measured firstly in rielatto surface unit
( g/m2). Active ingredient concentration curves wénen plotted on the basis of the means
obtained for each sampling distance, showing tmeeatration trend with increasing distance from
the sowing line, in the two trial conditions.

Through calculations based on (simulated) worlspged, width of the sampling zone (yellow
area in Figure 3) and trial duration, the theostimumber of runs performed by the seeder in front
of the sampling area can be determined. Dividirggdbncentration per surface unit by this value,
we obtain the quantity of active ingredient permsgand per run @/m2 run), at the various
distances that are multiples of 4.5 m. Since at sabsequent run the seeder moves a further 4.5 m
away from the sampling area, the theoretical digtron in the field obtained after a certain number
of runs can be reconstructed. Accordingly, samptiiggances that were multiples of 4.5 m were
adopted. For example, after three runs the expéctablquantity of active ingredient at 4.5 m from
the initial sowing line will be obtained from the&is of three values, referring respectively to
concentration calculated at 4.4 m (first run), ah9second run) and at 13.5 m (third run). In the
present case, the number of runs (8) corresporidiag36 m wide plot was taken as the reference.
(It is worth noting that th8BA Drift Guideline, Part VII, 2-1.1, 1992, “Measng direct drift when
applying liquid plant protection products outdoorptescribes that trials should be conducted on
3600 m plots having a width of 36 m. On the basithis method, if only five sampling distances
are available (up to 22.5 m), it is possible toorestruct the distribution for no more than five sun
However, given the availability of the series ofefimean values which describe the variation along
the sampling area, utilizing the regression funiof each series, it becomes possible to calculate
the probable concentrations referring to runs syt to the fifth, in order to obtain a picture of
active ingredient distribution over a width of 50downwind from the sowing area, deriving from a
total of 8 runs. Theoretically, this procedure banapplied to any number of runs and any distance
from the sowing line.

The values obtained from this type of calculatiogrevcompared with those of the 2009 field trials
in which wind conditions (direction and speed) wesenparable to those of the fixed point tests.

12



Analyses were also performed on the air samplergyrder to determine the quantity of active
ingredient intercepted by the filterd/filter). Taking into account the duration of sdmg as well

as air flow and density, active ingredient concatiin in the air can be calculated ig/lkg (= ppb).
The data from the three sampling points can be t@sgaot curves showing the pattern of air
concentration with and without seeder modificatimthis case, application of a method similar to
the one just described for estimation of conceiatnaat ground level in field conditions was not
considered to be feasible.

2.2.4 Results

The arrangements adopted in setting up the trgtbay gave satisfactory results both as regards the
facilities and the equipment utilized. Protectidntlve external side of the portico with movable
drapes in order to block out the wind proved tdurectional. Use of the atomizer modified in such
a manner as to direct air exclusively towards tgetthand side made it possible to create constant
and repeatable conditions of wind speed and daectlhe only precaution required was a few
minutes’ wait prior to the simulated sowing testg allowing the air flow to become stabilized
throughout the length of the tunnel.

Direction of the air flow was found to be consistgrperpendicular to the direction of sowing.
Table 3 shows the wind speed values recorded etugneights in various points of the tunnel.
Downstream from the seeder it was observed thad gfieed at 2 m above the ground initially had
a value of 2.5 m/s fairly close to the seeder, sgbently stabilizing at around 1.7 m/s along the
whole sampling area. Greater variability was obséiin the vicinity of the Petri dishes, close te th
ground, due to the presence of the seeder itself @move all, of the rear wheels of the tractor
which, in particular, screened the dishes placetzam, 9 m and 13.5 m of row nr. 3 . Wind speed
at ground level was roughly 1.5 m/s. However, thki® indicated was recurrent in the 2009 field
trials.

Table 3 —Wind speed at various points and heights of thadln

Position at which .
: Wind speed
data were acquired .
. . at1l m from Wind speed at ground
[right-hand side of notes notes
the ground level (m/s)

the seeder assumed (m/s)

as origin (=0) (m)]
On the left-hand
side of the seeder

-4.5 3.75 towards the -
ventilator
On the right-hand
side of the seeder Near the extremity
0 2.9 towards the trial 1 of the right-hand
area deflector pipe
- _ Wind speed at ground

Position at which level near the Petri dishes

data were acquired | Wind speed (m/s)

[right-hand side of | at2 m from notes notes

the seeder assumed| the ground

as origin (=0) (m)] (m/s) rowl row2 row3
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4.5

135

18

22.5

2.5

1.75

1.75

1.55

1.7

At the centre of
the trial area

Row 2 is central an
corresponds to the
position of the

seeding organs. Row

3is located in a
position
corresponding to th
rear wheels, by

which it is screened:

at the lower
distances wind is
absent and this
affects the quantity

of active ingredients

recorded.

D

D

Results of the analyses

The results deriving from analysis of the conteftthe Petri dishes are given in Table 4, in terms
of g/ Petri dish, showing the percentage of abateroértoncentration following use of the

modification. Air concentration was analyzed throw similar procedure. Mean values of active
ingredient content in the air were decidedly lowsren the modification was used, except for the
case of fipronil, in which an increase was deteeieithe distance of 20 m from the sowing line.

Table 4 —Comparison of the quantities of the different axiingredients intercepted by the Petri dishes
using the modified and unmodified seeder (meamgadsird error, n = 9).

Concentration ofmidacloprid at
ground level (g/ Petri dish) Reduction in
Distance from the sowing concentration
line (m) (mean * standard error) at ground leve
Ung(;?j'gfd Modified seeder (%)
4.5 282 + 056 (| 099 =+ 0.15 65%
9 1.88 + 0.34| 035 = 0.05 82%
135 1.06 = 0.13| 0.25 = 0.06 76%
18 085 + 0.15| 0.31 =+ 0.07 63%
22.5 0.72 + 0.12| 0.09 + 0.01 87%
Concentration o€lothianidin at
ground level (g/ Petri dish) Reduction in
Distance from the sowing concentration
line (m) (mean + standard error) at ground leve
Unmodified Modified seeder (%)
seeder
4.5 574 + 1.00 | 2.74 = 0.63 52%
9 320 + 030 110 =+ 0.15 66%
135 219 + 022 | 096 =+ 0.16 56%
18 145 + 0.07| 0.86 = 0.08 41%
22.5 1.00 = 0.07| 0.81 =+ 0.06 20%
Distance from the sowing| Concentration ofhiamethoxamat | Reduction in
line (m) ground level (g/ Petri dish) concentration
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(mean * standard error) at ground leve
— (%)
Unmodified Modified seeder
seeder
4.5 275 £ 057 | 195 =* 055 29%
9 227 * 0.26| 128 = 0.12 44%
13.5 120 + 0.26 | 0.53 =+ 0.10 56%
18 156 + 0.14| 052 = 0.04 66%
22.5 041 =+ 0.06| 025 =+ 0.03 39%
Concentration ofipronil at ground
level ( g/ Petri dish) Reduction in
Distance from the sowing concentration
. (mean + standard error)
line (m) at ground leve
— 0
Unmodified Modified seeder (%)
seeder
4.5 430 * 068 | 154 =+ 0.32 64%
9 256 + 0.25| 099 + 0.12 61%
13.5 128 + 0.11 | 0.67 = 0.05 48%
18 048 + 0.03| 0.27 =+ 0.04 44%
22.5 0.28 + 0.03| 0.14 =+ 0.02 50%

The data used in compiling Table 4 were submitedatctorial analysis of variance for each

sampling distance. Factors of variation includegifpan (row 1. 2.3) of the Petri dishes at each
distance (Table 3). presence or absence of motidicaf the seeder and the interaction between
these two factors. The results of the analysestawan in Table 5.

Table 5 —Results of the analysis of variance carried outhendata acquired at ground level in the fixed
point tests. Translation of text within tabl&nalisi della varianza — Grado di significativitale varie
distanze= Analysis of variance — Degree of significancehat various distancesause variazione causes
of variation; F tavole = tabular value of FRis = Result;Ripetizioni= RepetitionsPosizioni= Positions;
Sem M= Modified seederSem NM= Non modified seedeinteraz. Sem (Macch) / PesiInteraction Seeder

/ Position. Pink: not significant; Light green: sificant at p=0.05; Dark green: significant at gD.
Commas indicate decimal separation.

15



Analisi della varianza - Grado di significativita alle varie distanze

45m 9m 135m 18m 225m
cause variazione
F tavole F tavole F tavole F tavole F tavole
F calc Ris. | F calc Ris. | F calc Ris. | F calc Ris. | F calc Ris.
p=005p=0,01 p=005(p=001 p=005|p=001 p=005p=001 p=005p=001
Ripetizioni (3) 0,24 | 19,39 | 99,40 276 | 19,392 | 2940 246 | 19,39 | 9940 293 (19,39 | 99,40 1,19 | 19,39 | 99,40
i
-g Posizioni (3) 964 | 410 | 756 2209 | 410 | 756 903 | 410 | 756 096 | 410 | 756 083 | 410 | 756
i
g SemM - Sem NM 1382 | 496 | 965 17159| 496 | 9,65 5092 | 496 | 9,65 3663 | 496 | 9.65 451 | 496 | 965
o
Interaz. Sem./Pos. | 219 | 4,10 | 7,56 639 | 410 | 7,56 715 | 410 | 7,56 020 | 410 | 7,56 014 | 410 | 756
ripetizioni 024 | 1939 | 9940 276 | 19,39 | 9940 246 | 1939 | 99.40 293 (19,39 | 8940 1,19 (19,39 | 99,40
=
‘g- posizioni 964 | 410 | 756 22,09 | 410 | 756 9,03 | 410 | 7,56 096 | 410 | 756 083 | 410 | 7,56
o
.'t'é MM | MNM 1382 | 496 | 965 17159| 496 | 965 5992 | 496 | 965 3663 | 496 | 965 451 | 496 | 965
int. Macch./Pos. 219 | 410 | 756 639 | 410 | 756 715 | 410 | 7,56 0,20 | 410 | 756 014 | 410 | 756
ripetizioni 1,18 | 19,39 | 99,40 131 | 1939 | 99,40 087 | 19,39 | 99,40 0,20 | 19,39 | 99,40 248 | 19,39 | 9940
£
g posizioni 814 | 410 | 7,56 785 | 410 | 756 17,28 | 410 | 7,56 178 | 4,10 | 756 026 | 410 | 7,56
-
@
E MM/ MNM 288 | 496 | 965 27,26 | 496 | 9,65 1543 | 496 | 965 5068 | 496 | 965 637 | 496 | 965
]
int, Macch./Pos. 056 | 410 | 7,56 476 | 410 | 756 569 | 410 | 7,56 085 | 4,10 | 756 0,09 | 410 | 7,56
ripetizioni 214 | 19,39 | 99,40 117 | 19,39 | 99,40 0,88 | 19,39 | 99,40 0,42 | 19,39 | 99,40 092 [19,39 | 99,40
T | posizioni 12,90 | 4,10 | 7,56 686 | 410 | 7,56 397 | 410 | 7,56 055 | 410 | 756 025 | 410 | 756
)
& MM / MNM 4404 | 496 | 9,65 56,01 | 496 | 965 3496 | 496 | 965 1431 | 496 | 965 1165 | 496 | 965
int. Macch./Pos. 210 | 410 | 756 067 | 410 | 756 0,16 | 410 | 7,56 022 | 410 | 756 072 | 410 | 7,56
Legenda
non significativo
 significativo per p=0,05
_ significativo per p=0,07

The results shown in Table 5 have the followinglications.

Firstly, variability linked to the repetitions wasever significant, thereby confirming the
robustness of the test as regards the actualdeditons;

Secondly, the position of the Petri dishes wasnaportant factor of variability (often being
responsible for differences that were 99% signifit.alhe weight of this factor tended to decrease
with increasing distance, confirming the descriptigiven above on the screening action of the
seeder itself and above all of the tractor.

Finally, the differences attributable to the preseof the modification were almost always highly
significant. The exception was the case of thiamam at 4.5 m (in which very elevated
variability was observed, linked to position, whiphoved to be only scantily affected by the
modification). With increasing sampling distandee differences gradually faded, and thus were
non significant for clothianidin at 22.5 m, althduthey were 95% significant for thiamethoxam,
again at 22.5 m.

It can therefore be concluded that from a staaoint of view as well, the modification applied
to the seeder proved to be a significant factdu@rfcing active ingredient concentration levels on
the ground.

Air concentration data were processed accordirthesame procedure as previously adopted for
concentration on the ground. Results are giverainlds 6 and 7. In virtually all cases the quarttitie
of active ingredients in the air were found to lexidedly lower when the modified seeder was
used, except for fipronil, which, at 20 m from sewing line, showed an increase (Table 6). From
the statistical point of view, differences werersfigant (analysis of variance, Table 7) only ireth
case of clothianidin (5 m and m) and thiamethoxaén), probably on account of the low number
of values available.
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Air concentration ofmidacloprid
_ (ppb)
Distance from the (mean + standard error) Abatement
sowing line (m) - percentage
Unmodified Modified seeder
seeder
5 231+ 065|158+ 0.28 32%
10 1.39+ 0.08 | 1.00+ 0.35 28%
20 1.25+ 0.30 | 0.99+ 0.30 21%
Air concentration otlothianidin
(ppb)
Distance from the + standard Abatement
sowing line (m) (mean + standard error) percentage
Unmodified Modified seederr
seeder
5 5.17 + 0.27 | 1.16+ 0.44 78%
10 3.18+ 0.39 |1.03+ 0.05 68%
20 1.63 + 0.12 | 1.12+ 0.27 32%
Air concentration ofthiamethoxam
(ppb)
Distance from the¢ + standard Abatement
sowing line (m) (mean + standard error) percentage
Unmodified Modified seederr
seeder
5 294 +0.45 2.12+ 0.29 28%
10 2.67 +0.55 1.80+ 0.57 33%
20 1.92 +0.29 1.35+ 0.20 30%
Air concentration ofipronil (ppb)
Distance from the + standard Abatement
sowing line (m) (mean + standard error) percentage
Unmodified Modified seeder
seeder
5 6.80 =+ 0.40 5.96+ 0.08 12%
10 6.45 +0.12 6.34+ 0.87 2%
20 5.03 +0.33 5.88+ 1.10 -17%

Table 7 —Results of analysis of variance performed on am@ing filter data in the fixed point
tests. Translation of text within tablanalisi della varianza — Grado di significativitdle varie
distanze= Analysis of variance — Degree of significance tia¢ various distances;ause
variazione = cause of variationF tavole = tabular value of FRis = Result;Ripetizioni =
Repetitions;MM = Modified seederMNM = Non modified seeder. Pink: not significant; Ltigh
green: significant at p=0.05; Dark green: significaat p=0.01. Commas indicate decimal
separation.

Table 6 -Comparison of the quantities of the different aefivgredients intercepted by the air samplers with
the modified and unmodified seeder (mean * stanglaicd, n = 3).
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Analisi della varianza - Grado di significativita alle varie distanze
5m 10m 20m
cause variazione F tavole F tavole F tavole
F calc Ris. | F calc Ris. | F calc Ris.
p=0,05 p=0,01 p=005| p=001 p=005 p=001
f=
S |ripetizioni 17,56 |200,00 | 4999,00 1,52 |200,00| 4999,00 1,11 |200,00| 499900
c
._;:f
8 MM MNM 554,30 18,51 | 9849 38,29 | 18,51 98,49 3,22 | 1851 98,49
&
‘S |ripetizioni 0,18 |200,00| 4999,00 1,82 |200,00| 499900 1,00 |200,00| 4999,00
'E MM/ MNM 063 | 1851 | 9849 161 | 1851 98,49 10,65 | 1851 98,49
E
g ripetizioni 0,05 |200,00| 4999,00 27,33 |200,00| 4999,00 3,32 |200,00( 4999,00
: :
2 MM/ MNM 1,23 [18,51 | 9849 39,51 | 18,51 98,49 16,71 | 18,51 98,49
™
= ripetizioni 0,70 |200,00| 4999,00 0,57 |200,00| 4999,00 1,75 |200,00| 4999,00
bd
o
MM I MNM 3,71 | 18,51 | 9849 0,01 | 1851 98,49 0,74 | 1851 98,49
Legenda

non significativo

significativo per p=0,05
I significativo per p=0,01

The values shown in Tables 4 and 6 were computeddier to plot the diagrams describing ground
level and air concentration trends in the differtesst conditions.

In Figure 5, for all the active ingredients invgated, with or without utilization of the seeder
modification, the content of the Petri dishes weangined in relation to surface unitg/n). As
stated earlier (section 2.2.3), values refer tee@dsquantity corresponding to 1/3 hectare, with
seeding concentrated in the sampling area. Consdguective ingredient values were very
elevated, a result that serves to highlight theaut in the area downwind from the seeder, in our
test conditions. In particular, the differenceswssn the quantities observed with and without the
seeder modification were clearly noticeable. Thaeduction in active ingredient concentration
observed along the entire sampling distance waaverage 50% with the seeder modification (>50
% for imidacloprid and fipronil; <50% for thiametkam). Details of the values are as shown in
Table 4.

The precision curves of ground level active inggatidistribution in field conditions were plotted
on the basis of the data of Figure 5, and subsglyuglso of the analysis of variance as described
in the previous section (2.2.4). According to ouwatad elaboration, Figure 6 shows a good
representation of the results that would be expeote plots similar to those described in the
Agrofarma trials (surface area: 3600;mide: 36 m; number of runs: 8) at the same wigad
working speed.

In all cases, the pattern of concentration catedlgroved to be more regular than appears from
Figure 5, as the various runs are overlaid on onethar in the figure. The reduction in
concentration with use of the seeder modificati@s wlearly noticeable, maintaining around 50%,
as indicated in Fig. 5. Comparing the values oles®for each active ingredient, the dose/seed and
dustiness values reflect the trends shown in T&bldhese two parameters were higher for
clothianidin, followed by imidacloprid and then ke other two active ingredients, which
presented values similar to each other. The same&ing was found for calculation of
concentration values (Figure 6).

With regard to the reliability of expected coneatibn values, the results were clearly of the same
order of magnitude as the 2009 values, althougly tlvere generally higher above all for
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imidacloprid (5.8 g/m’as against 4.2g/m? in 2009 at 5 m) and clothianidin (9.8/nm" as against

4.5 g/m‘at5 m in 2009).
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Figure 5 -Results of the fixed point test: quantity of actimgredient in the Petri dishes at the various
distances from the seeder, in relation to the sariait (nf). Translation of text within the figur&enza
modifica= Without modification [red line]Con modifica= With modification [black line]Concentrazione

= Concentration.
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Figure 6 -Results of the fixed point test: expected grounglleoncentration in field conditions, evaluated
on the basis of the data shown in Figure 5 upttearetical distance of 50 m from the sowing fi€ldirves
refer to 8 runs of the seeder (corresponding tan3§owing width) at 6 km/h sowing speed, with a mean
wind speed of 1.5 m/s at ground level and 1.85ah/a m above the ground. Translation of text witthie
figure: Senza modificae Without modification [red line]Con modifica= With modification [black line];
Concentrazione Concentrationpistanza= Distance.
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However, it is reasonable to assume that the coratems observed in the field trials of the
previous years, which were obtained in less favaleraircumstances than the fixed point trials in
terms of wind speed and direction, may have beedenastimated as compared to real
concentrations. This is particularly likely to happf wind conditions change while the field tngl
on-going: in such a case, the single side submittexhmpling may effectively not be the side most
greatly affected by dust.

The possibility of controlling and repeating thgefl point test conditions not only allows a
reliable estimate of ground level concentrationg,diso leads to a more objective and more precise
comparative evaluation of active ingredient conrans. In this perspective the results obtained
in 2009, which suggested a roughly 50% abatemettteofjuantity of active ingredient dispersed,
were substantially confirmed.

Finally, Figure 7 shows the trend of active ingeatl concentration in the air. A reduction in
concentration was observed concurrently with wtlian of the seeder modification. The extent of
reduction was variable, being very marked for chotidin (80% at 5 m) and roughly 30% for
imidacloprid and thiamethoxam. For fipronil a véa pattern was found. These different trends
could be attributed to factors such as differemcadtive ingredient content in dust generated by
each active ingredient, and the possible diffeggahulometry of dust generated. (For example, the
four active ingredients may interact differentlythvihe seed coating process and this could favour
the formation of coarser or finer dust, in whiclsedhe different grades of dust could be deposited
with a difference in time lag, or closer or furtheway.) Such factors may influence drift dust
behaviour, and a specific study on these aspeotsditherefore be conducted. The values shown
in Figure 7 were on average 10 times higher thagaicentrations detected in the 2009 field tests
at 5 m and 10 m. In the case of the results oattadyses of the air samplers filters, we did notyca
out a computation designed to obtain air concdotratin field conditions, similarly to the
procedure described for ground level concentrationgigure 6, as the presuppositions were
different. In this respect, the fixed point tesstg®yn once again constitutes a sort of amplifiethef
effects and differences between the modified anchadified seeder, and it therefore provides
helpful information.
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Figure 7 —Results of the fixed point test: pattern of activgredient concentration in the sampling zone at
different distances from the sowing area. Trarmtatf text within the figureSenza modifica Without
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modification [red line];Con modifica= With modification [black line];Concentrazione nell’aria= Air
concentration.

2.3 Field sowing trials

The setup used in this series of trials mirrord #y@plied in trials conducted by the agricultural
industry in agrobusiness field trials, which inrtwere taken over from a methodology designed to
study liquid pesticide driftBEBA Drift Guideline, Part VII, 2-1.1, 1992, “Measng direct drift
when applying liquid plant protection products oatds). The modifications introduced compared
to this model were due to the need to minimize itifience of environmental factors and to
complete the tests in as short a time as possihbkthus to limit the number of analyses required
without compromising the significance of the resulh order to furnish the project details within
the deadline specified by the Ministries resporesibl this sector (MiPAAF, Ministry of Health).

On the basis of the 2009 experiences, the followorgsiderations can be put forward:

» Rigidity of the test system conducted in a singberation (hives + Petri dishes) , given the
potential variability of meteorological conditiand/ith the hives placed around the trial plots, it
is not possible to orient the plots themselves #redsowing direction on the basis of wind
direction, and it is not always feasible to posgpdme trial.

» Study of drift without the presence of hivesoves the need to sow in periods and zones that
are significant for the presence of floweihus in this case the study can be carried out
theoretically at any time provided the temperattmeditions are compatible with the biology of
the caged and appropriately fed bees.

« All tests onabrasion dust driftconducted in 2009 were carried out on small p{@&00 nf).

We believe this size is insufficient for a studytioé effects on bees (both bees housed in cages
and colony bees), and that to conduct this tesptbesize should be significantly increased.
The increased surface area may also be helpfstdioly of drift (better quality of data on active
ingredient concentration at ground level and indhg which would be examined in conditions
closer to real sowing circumstances.

2.3.1 Aims

- Evaluation of the extent of dust abatement aft@lieation of modifications to the machine, in
field conditions (validation of the fixed point tes/stem);

- determination of ground level distribution of thetige ingredients at different distances from
the sowing field;

- determination of active ingredient uptake by beestrained in monitoring cages positioned
close to the Petri dishes, and the relation betwgake and active ingredient concentration in
the vicinity of the dishes.

- individuation of the corresponding active ingredieancentration in the air.

2.3.2 Materials and methods

With regard to the seeder and the seed batchedgneare referred to the description concerning
the fixed point tests (row spacing 75 cm, and spgaat 18 cm along the row: 75000 seeds/ha). .

The effects of modifications applied to the seedere evaluated in field trials, in which ground
dispersion of abrasion dust (with the correspondictiye ingredient content) was studied after field
sowing trials. The effects induced in bees housetthé monitoring cages and exposed to the same
substances were also studied.

Since the drift effect is influenced by the preseof wind (speed and direction), the layout shown
in Figure 8 was adopted in order to limit theske@t. Thus for each active ingredient, a single
large field measuring 3-4 ha was used for sowirigs &rrangement was chosen because the size in
guestion was felt to give more significant resuitsletermining ground-level active ingredients and
possible contamination of the surrounding arean thas the case with the previous plots. The
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sampling area for determination of ground-leveivacingredient concentration was represented by
a 20 m band surrounding the large plot. With regtrdinvestigation of active ingredient
concentration in the air, only three air sampleerevavailable. These were placed at the same
distances as the Petri dishes, on the side whadhdewnwind at the moment of performing the
trial. The air flow setting on the samplers wasutated to an air flow of 4.5 I/min. The trials were
partly (4 out of 8) conducted on land made avadahy CRAF-PCM, bordering on CRA-ING of
Monterotondo. Maize cropping on the plot in questieas carried out by the CRA-PCM farm in
accordance with normal operations; the farm opesaitso ensured that irrigation and normal crop
management practices were applied.
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Figure 8 -Example of trial plot. The sampling area was exéehtb all sides of the seeded plot, the surface
area of which was extended in order to observearturation levels deriving from real sowing operasio

Each trial field had an area of 3 ha and measud8d2in length by 150 m in width.

Sowing speed was 6 km/h. Data acquisition and samplegan at the start of sowing, which on
average took 80 min. Acquisition then continued doiurther 20 min after the end of sowing to
allow dust deposition /dispersal. During this oVWetanme period of roughly 100 minutes, the

samplers filtered an average of 450 | of air. Témulting air flow, equal to 4.5 I/min, was the same
as applied in the 2009 trials, in which roughly 106f air were sampled over a time span of
approximately 22 minutes.

The Petri dishes were positioned on all four side®e samplers were used for each of the three
distances (5 m, 10 m, 20 m) from the sowing fidddother two Petri dishes containing known
solutions of active ingredient and maintained aafe distance from the sowing field were used as
controls. Thus a total of 38 Petri dishes weraagil. Management and analysis of the samples was
entrusted to CRA-PAV of Rome, similarly to the pedares described for the fixed point tests
(section 2.2). During each test, and with due aersition of temperature, wind and the
considerable duration of the test, the Petri dist® carefully topped up with acetonitrile solatio
in order to prevent them from drying out in cons&ee of evaporation.

For the analysis of the content of the Petri dssheaders are referred to the earlier descrigtfon
the fixed point tests. (section 2.2.3).

To conduct observations on bees, small cagesioomaadult bees were placed at the four sides
of the sowing area. The cages were sampled andiggdaaccording to the following criteria:

- choice of a colony presenting good health and dgwveént status;
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- for each small cage, insertion of 30-40 adult feragees of the same age, collected from the
frames of the supers;

- the cages were placed on the 4 sides of the tvailng) area at the pre-established distances of 5-
10-20 meters, next to each Petri dish. For eacth@f4 sides, 3 cages were placed at each
distance (for a total of 9 cages per side); dutivggobservation period the bees restrained inside
each cage were fed with 1:1 sucrose syrup contauitb¢h a small dispenser (Figure 9);

- 9 control cages were placed in the same conditeangdescribed for the test bees in the trial
sowing area, but sufficiently distant to prote@rthfrom contact with sowing dust;

- roughly 20’ after the end of sowing the cages wmigected and placed in a climate-controlled
environment at 25°C with adequate relative humjdity

- bee mortality inside the cages was evaluated w8tb after sowing. Mortality percentage was
then calculated and subjected to the Mann-Whitneg-parametric test and, after angular
transformation, to analysis of variance using Stiat® Software.

Figure 9 —From the left:cage with feeder dispenser, containing roughly &&sbsmall cage on
the ground beside a Petri dish during one of thd@rgptrials; anemometer recording wind speed
and direction, and air sampler capsule contairheditter.

At the end of the 48-h period, the bees were placdte freezer pending the analysis testing for
active ingredients.

For each trial condition (machine with and withagubdification; four active ingredients) the
pattern of active ingredient deposition around #Hemded field was investigated, taking into
consideration wind speed and direction. The negatifects of wind speed and direction can be
partially limited by the availability of data peiteng to all four sides of the sowing field, with
particular attention to the downwind side.  Grodenel concentration was expressed in
microgrammes of active ingredient per square ntiemd ( g/n?).

The starting date for the trials was originally &e the beginning of March. Due to unfavourable
climatic conditions, access to the fields was matstble until April 18, 19 and 20. Subsequently,
rain caused a further suspension of activity uhtile 8. The field stage then terminated on June 16.

2.3.3 Results
Active ingredient concentrations detected at grolevel and in the air
Table 8 shows the mean values of the main envieoah parameters recorded during the field

trials. Similarly to 2009, wind was found to be thest variable factor, both in direction and speed.
Thus it was found to be useful to perform groungtlesampling on all sides of the trial field.
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Table 8 -Main environmental data during the sowing trialatwing the four active ingredients. Data were
obtained from the central meteorological unit of ACRIG integrated with field anemometrical
measurements. All data refer to the actual condtia the trial fields.

Active Modification | Sowing Mean R.H.. Wind Wind
ingredient (yes/no) date temp. (%) speed direction Note
) (m/s)
Wind
19-Apr- from N direction &
yes 10 208 85 1.4 and NW | speed fairly
o constant
clothianidin Wind
20- Apr - from N direction &
no 10 217 5 1.6 and NNW | speed fairly
constant
Wind
21- Apr - from S and direction &
no 10 214 65 224 SSE speed fairly
thiamethoxam CF’”Stf"‘”t
Direction
07-June- from S and fairly
yes 10 243 67 1.03 E constant. low
wind
from S. Wind
yes 08:1J0une 27.9 63 1.47 | SW.NE | direction
and NW | very variable
imidacloprid Wind
14- June from SSE.| direction
no 10 29.67 56 2.05 S SSW fairly
constant
Wind
15- June from S and direction &
no 10 25.31 80 2.5 SO speed
finronil constant
P Wind
16- June from S and direction &
yes 10 28.4 60 2 SW speed
constant

The results of analyses on the content of the Bisties, in g/, are shown in Table 9 in terms
of means  standard error of the values observedach side, and as a general mean * standard
error for each sampling distance. The columns ire bypeface correspond to the downwind sides
that are most exposed to drift. The results arggbas some analyses are still in progress.

The first noteworthy finding is that the downwisiles did not always receive a greater quantity
of active ingredient. For example, in both trialghwclothianidin the Northern side, which was
facing upwind, received the greatest concentrafits could be explained by the fact that if wind
speed is low, and possibly also if certain typesafing practices are adopted (depending on the
shape of the field, the type of manoeuvres to iéopred, sowing the side of the field, etc.), the
wind may be unable to disperse the dust that has teesed around the sampling area.

In the case of imidacloprid, the drift pattern wa®re in line with expectations. Although
generalizations on distribution in relation to wikdection are unreliable, due to the marked
variability of wind variation, general means deniyifrom observations on the four sides gave
useful information. The values shown in Table 9avalso used to plot the diagrams pertaining to
each active ingredient, in order to given an imratdidea of the pattern of concentrations in
relation to use of the deflector.
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According to the data available so far, percefiedinces associated with the presence or absence
of the modification were analogous to those reabrfibe the fixed point tests performed on the
same active ingredients. These results confirmotlieome of the 2009 field tests and of the above
described fixed point tests (section 2.4), whicbveid that the deflector pipe modifications reduced
the quality of dispersed active ingredients by aarage of 50%, although this value was also
dependent on seed quality, which in turn was imft@el by the coating treatment.

Table 9 -Results of field trials: mean values and correspandtandard errors of concentrations along the
four sides, at the three sowing distances, andativerean and standard error for each distance. The
diagrams show the pattern of the means. Columium typeface refer to the downwind sides of tied tr
field. In the fields sown with thiamethoxam andrdipil-treated seed, some mean values are showedin r
typeface: taking into account that the results ertain analyses were lower than LOQ (namely 0.0ib a
0.001 g/dish for thiamethoxam and fipronil respectivelit)was decided that merely eliminating such
values would not constitute a correct procedursteld, they were assigned the value of the LO(f.itse
Translation of text within the figuretirezione vente wind directionyvelocita= speedgon modifica= with
modification; Distanza da bordo campe Distance from field borderConcentrazione lato Nord:
concentration on the Northen sid€oncentrazione lato Sud concentration on the Southern side;
Concentrazione lato Est concentration on the Eastern si@@ncentrazione lato Ovestconcentration on
the Western sidenedia generale= overall averagemmedia= mean valueErr. St. = Standard Errorsenza
modifica = without modification; Concentrazioni medie= average concentration§oncentrazione=
concentration. Commas indicate decimal separation.

direzione vento  daMNO p—— ’
velociti (mfs) 1-15 clothianidin con modifica Concentrazioni medie
concentrazione lato Nord |concentrazione lato Sud| concentrazione lato Est | concentrazione lato media generale . 140
Distanza da bordo (.Hg,"mz) (#g,fmg) (#g,fmg) Ovnst(,u.gfm;) @:g’mg) z 12,0 —=— con modifica
campo () 3 10,0 4 —=—senza modifica
media + B 3t media + Emr 3t media + Emr 3t media + Em St media =+ Em 3t z 8.0
B 60 '——g——ﬁh_j__.
5 8979 & 1828 4875 = 0564 6770 = 0379 4384 + 0672 6252 + 0332 g 4,0
T
0 7752+ 1248 5121 = 0624 7312 = 0215 5437 + 0246 6313 + 0547 2 ﬁ'g
] A T T T T
20 4490 &£ 0414 | 3788 & 04m | 533 0+ 1094 | 4735 = 0425 | 4718 & 0416 < 0 5 0 15 220 25
Sresione vento el < HE — - Distanza da borde campo (m)
2 clothianidin senza modifica
welocitd (') 1-1,5
concentrazione lato Nord |concentrazione lato Sud| concentrazione lato Est | concenirazione laio media generale
Distarza dal (g (e’ (pgfm®) Ovest (ugfm?) (g™ differenza con
fsenza mdoifica
bordo campo ()
media % ErSt | media + ExSt | media + EwSt | media + EmSt | media * EmSt %)
3 15223 & 1875 9085 3962 1055 = 08483 11435 & 0335 11,575 = 1355 4598
i} 7050 o+ 1264 7752 = 1,281 103523 = 1125 7226 + 0702 8138 =+ 0735 230
20 8342 £ 1821 6068+ 0371 4480 = 0351 6349 = 0699 6314 = 0653 25,28
ditezione vento dall e NO . . .
velocith (m/s) 113 imidacloprid con modifica Concentrazioni medie
concentrazione lato Nord |concentrazione lato Swd | concentrazione lato Est | concentrazione lato media generale 20,0
Distanza da bordo (ug/m?) (gfm’) (pg/m") Ovest (pg/m’) (ugfm’) z —=— con modifica
s T 150 4 —=— senza modifica
o (1) s
media = Er 3t media * Em St media * Em St media * EmS5t media * Em St g 100
-~ Ll
5 3367 £ 0,530 3613 & 0405 3122 & 0609 4525 & 2648 3657 & 0713 £ 5.0 |
1 2,506 £+ 0928 2385 + 0448 3728 o+ 0701 192 +£ 1011 2740 + 0450 § i Lj__"—————_h.
e 2 T T T T 1
a0 1,998+ 0379 1,894 + 0,182 0526 + 0263 1333 + 1,070 1438 + 0355 < 0 5 1 15 20 25
Themons verto 425250 — ) Distanza da bordo campe (m)
e imidacloprid senza modifica
weloeitd (m/s) F
trazione lato Nord |co azione lato Sud| concentrazione lato Est | concentrazione lato media generale
Distanza dal bordo (wafm?) (ugim?) (rg/m?) Ovest (ug/m’) (gim?) Sifienns con
/senza mdoifica)
campo ()
media = Em 5t media & Em St media * Em St media % EmSt media % Em St 8
3 46685 = 10,767 5402 & 0405 3z o= 1913 8173 = 1,231 16012 = 7894 77,16
10 11961 = 5025 10,277+ 5473 39 =+ 0,195 4262 + 2001 7607 + 2265 63,98
20 4490 + 1,387 6,489 £ 1924 3964 = D436 1368 % 1,105 4098 = 0918 64,73
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direzione vento da 3 e 3W T st ot A

velociti (m/s) 1 Concentrazioni medie
concentrazione lato Hord |concentrazione lato Sud| concentrazione  lato done lato media generale . 80
Distatza da bordo Ggfm) Gighm?) Est(ug/m’) Ovest (g/m’?) (g/m®) £ =— Con modifica
campa (m) ?_- 6.0 1 —=— Senza modifica
tedia + Er 3t media = Emr 5t media * Em St media * Em5L media * Em 5t g 0 4
2 4+
5 7541 o+ 33593 1824 = 0153 1624 + 0105 1613 = 005 3166 & 1249 £ sl
: 2
0 2,701 + 0873 1824 + 0246 1,578 + 0,000 1572 * 0000 1920 + 0375 (L i
s 0 T T T T
20 3858 & 1666 1578 = 0000 1578 = 0000 1613 = 0000 2157 & 0534 Qa o i it i S 5t
G —p TS ok Distanza da bordo campo (m)
\ Thiametoxam senzamodifica
velocita (mfs) 24
concentrazione lato Mord |concentrazione lato Sud| concentrazione lato Est | concentrazione lato media generale
3 2 2 7 i
Distanza dal bardo (i) (ughm) (a/m?) Ovest (ug/m’) (egfm’) diffinsima ton
fsenza mdoifica
Campo (i)
media % Bt | media * EmSt | medis * ExSt | media + ExSt | media + EmSt 8
5 0768+ 4224 3577 = 1318 5016 = 1703 6173 = 2131 6384 *= 1506 5401
10 5472 + 4137 1929 + 099 1578 =+ 2385 + 0,153 2841 + 0,790 3241
an 3016 + 0827 3087 = 1,508 1,578 = 0000 1572 + 0000 2315 % 0495 6,32
direzione verito dalde 30 i : 2
velocita (im/s) 25 Fiprondl con modifica Concentrazioni medie
concentrazione lato Nord |concentrazione lato Sud| concentrazione lato Est |  concentrazione lato media generale 1.4
Distanza da horda (‘ug'{mz) (#gfmz) (#g‘rmzj Ovest (#g.rmE) (‘“Q;mz) = 1.2 con modifica
catnpo () etrote errore efrore . efrore etrore g e i
+ + + + + 5
media standard | 7% s standard iteiia standard Ll standard media standard % o5
= 06
5 0105+ 0000 0351+ 0246 0165 + 0000 0544 = 0167 0276 =+ 0097 2 i \
£ 0
10 038 = 0035 0140 £ 0035 0281 + 0126 0281 = 012 0272 &+ 0055 E oo '——-——j_j__ﬁk.
0 0,105 o+ 0,000 0105 & 0000 0140 + 0000 0105 = 0,00 0114 = 0010 8 o0
L] 5 10 15 20 25
ditezione vento dade R0 Fipronil senza modifica Distanza da bordo campo {m)
relocitd (nfs) *
concentrazione lato Nord |concentrazione lato Sud| concentrazione lato Est |  concentrazione lato media generale
24 2 v
Distaszs dal batdo (i) (pgir) (uf’) Ovest (ugi’) (ugin’) Sifetnmn o0
sampo () Ysenza mdoifica
etraote errore errore emore errore
i+ a + ia + iz + (5
e standard | T da standard Gl standard media standard media standard
5 2140 = 2094 0246 + 0035 0456 + 0300 1789 & 0895 LI57 = 0612 84,35
10 0421 = 0316 0316 + 0,105 0421 + 061 073 & 0316 0474 = 0132
20 0,105 £ 0,000 o105 £+ 0,000 0105 + 0000 0105 + 0,000 0,105 <+ 0,000

The concentration levels observed, independentlsidd, were on average double as compared to
the 2009 values recorded on small sized plots (18)0This confirms the predictions put forward
in the 2010 experimental plan, which suggested\lidt increasing seeded plot size (3 ha in 2010)
there is likely to be an increase in contaminatminthe surrounding area, albeit less than
proportionately.

Finally, the data on imidacloprid show an appdyeabnormal value of 46.685g/m? (printed in
red typeface) as the mean of three values recardén Petri dishes, two of which were 7d/n?
and 56 g/n’. These two values were due to the presence offdughents in the corresponding
Petri dishes, visible to the naked eye. This testifo the fact that in the absence of defleceren
coarse fragments of dust can be dispersed in th& surrounding the sowing field. If the two
“accidental” values are disregarded, the final meanld be 6.47 g/n¥ rather than 16.012g/n?,
and the reduction would thus amount to 43.48%.

This finding is confirmed statistically by the &ms of variance conducted on the concentration
values recorded (Table 10). With the exceptionimfohil, differences attributable to the presence
or absence of the modification applied to the seedwe almost always significant, despite the
variability due to the field side, which itself wadluenced by the wind factor.

The diagrams in Figure 10 show active ingrediemicentration in the air at the various distances.
Due to the small amount of data available, on actad the type of trial organization and the
availability of only three air samplers, statistiaaalysis could not be carried out. The diagrams a
included here purely to show a trend. The trendferéid from one another, probably due to the
different environmental conditions and the speaiharacteristics of the dust. Thus for clothianidin
no information could be derived on the effect oé tteeflector, while for the other two active
ingredients a reduction clearly emerged from the,dalbeit with different trends. It is worth nagin
that for fipronil, concentration increased with ri@asing distance when the unmodified machine
was used.
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Air concentration levels were measured, and wevad to be decidedly higher for clothianidin
than for the other two products, reflecting theatee dustiness for clothianidin in the Heubach; test
thus levels were on the same order of magnitude #s 2009 tests. This is plausible and can be
explained by noting that greater contaminationratigd level is not necessarily due to greater air
concentration. It may also be caused by contanwnafiom a larger air mass, in which the
concentration, in ppb, may actually be the samia &sals that involved more limited surfaces and
smaller air masses.

This is exemplified by Table 11, which lists theaqtities of active ingredient found in the filters
( gffiltro), instead of listing the concentrations. dan be seen from the Table that the 2010
guantities were much higher than those recorde@0@9. The apparent contradiction can be
explained by the fact that, as mentioned earliect{sn 2.3.2), in 2010 the air samplers were in
function for a longer duration (100 minutes), imoection with the greater duration of sowing:
consequently, they trapped a volume of roughly B&0Dair over 3-ha fields; in the 2009 trials, on
the other hand, the air volumes sampled were rgutfpd | over a much shorter duration, in which
plots with a smaller surface area were seeded.

The values shown in the last columns on the rightTable 11 indicate that: 1) with the
unmodified machine the ratios between the conceorsdetected in the two trial years at 5 m and
at 10 m, respectively 6.43 and 5.24, were clodbdoralue of 4.5 (ratio between the volumes 450 |
and 100 ), confirming the statement just abovewigh the modified machine, the ratio at 5 m was
found to be very elevated (14.12), whereas at 10was reduced to 1.88. This was probably due to
the effect of the deflector, which, by deflectirge tdust downwards, partly removes it from the
sphere of action of the wind, so that the dust resneoncentrated close to the sowing field.

An interesting aspect linked to these two poimiscerns determination of the persistence of the
active ingredients in the air after sowing. Air gistence is affected by highly variable and
uncontrollable environmental factors. A preliminamyestigation was carried out during sowing of
thiamethoxam-coated seed, placing the three aipksasnat 20 m from the border of the field after
more than two hours had elapsed since the end wingowith the modified seeder, and then
sampling for a further 100 minutes (450 I). In@dkes, analysis of the filters showed a quantity of
active ingredient lower than LOQ. However, this exgpdeserves further study given that
environmental variability is not the only factor twe taken into consideration: the dustiness
characteristics of the different active ingrediesutsl the doses applied in seed coating may lead to
divergent levels of concentration in different eoniments.

Table 10 — Analysis of variance of concentrations detecte@raund level in field trials at the various
distances and on the four sides or each plot @le for fipronil are partial). Translation of texithin table:
Analisi della varianza — Significativita delle difenze alle varie distanzger i quattro principi attivi=
Analysis of variance — Significance of differenadsthe various distances for the four active ingnets;
cause di variazione= causes of variationf tavole = tabular value of FRis. = Result;Ripetizioni =
Repetitionsjato campo= side of field;Sem M= Modified seederSem NM= Non modified seedeinteraz.
Sem / Pos= Interaction Seeder / Position. Pink: not sigaifit; Light green: significant at p=0.05; Dark
green: significant at p=0.01. Commas indicate datseparation.
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Analisi della varianza - Significativita delle differenze alle varie distanze per i quattro principi attivi
5m 10m 20m
cause di variazione F tavole F tavole F tavole
F calc Ris. | F calc Ris. | F calc Ris.
p=005p=1001 p=0005p=001 p=0,05|p=0,01
< |ripetizioni (3) 2,06 | 19,39 | 99,40 067 | 19,39 | 99,40 017 | 19,39 | 99,40
E lato campo (4) 383 | 329 | 542 . 081 3,29 | 542 128 | 3,29 | 542
% Sem M/ Sem NM 2175 | 454 | 868 729 | 454 | 868 763 | 454 | 868
© int. Sem/ Pos. 071 | 410 | 756 329 | 410 | 756 538 | 410 | 756
- ripetizioni (3) 1,22 | 19,39 | 99,40 0,80 | 19,39 | 99,40 0,29 | 19,39 | 99,40
& |lato campo (4) 449 | 329 | 542 | 101 | 329 | 542 273 | 329 | 542
[
-.g Sem M/ Sem NM 6,59 | 454 | 868 6,36 | 454 | 868 1259 | 454 | 8,68
g |
= |int. Sem/Pos. 6,93 | 410 | 756 | 2,00 | 410 | 7,56 255 | 410 | 7,56
£ ripetizioni (3) 2,16 | 19,39 | 99,40 0,66 | 19,39 | 9940 4,01 | 19,39 | 99,40
m
:_é lato campo (4) 369 | 329 | 542 340 | 329 | 542 307 | 3,29 | 542
L)
g Sem M/ Sem NM 668 | 454 | 868 218 | 454 | 868 010 | 454 | 868
s int. Sem [ Pos. 007 | 410 | 756 159 | 410 | 7,56 145 | 410 | 756
ripetizioni (3) 0,76 | 19,39 | 99,40 057 | 19,39 | 99,40 1,0714| 19,39 | 99,40
§ lato campo (4) 079 | 329 | 542 0,81 3,29 | 542 10714 329 | 542
E Sem M/ Sem NM 251 | 454 | 868 243 | 454 | 868 10714 454 | 868
int. Sem /Pos. 1,10 | 410 | 7,56 072 | 410 | 756 16071 410 | 7,56
Legenda
non significativo
| significativo per p=0,05
- significativo per p=0,01
Clothianidin Imidacloprid
0.60 0.06
_ —— con modifica —=— con modifica
B —— senza madifica = e —=— senza modifica ||
T o E 0.04
§ 0.30 E 0.03 -
B ooms 'E 0.02
S o0 E 0,01
& S
0,00 T T T 0.00 T T T T d
0 5 10 15 20 25 0 5 10 15 20 25
Distanza {m) Distanza (m)
Thiametoxam Fipronil
0.06 0.06
_ —— Con modifica —=— con modifica
-ﬂé 0,05 —e— 8enza modifica Z 0054 —=—senza modifica | |
% 0,04 - ; 0.04 1
T 2 o0 B
H T : e
g 002 — T o002 ——
% 0,01 4 E 0,01 4 B
S S
0,00 T T T 0,00 T T T 1
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Figure 10 —Trends of active ingredient concentration in threah2 m above the ground, at varying distances

from the sowing field on the downwind side. Tratiska of text within the figureCon modifica= With
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modification [black line];Senza modifica Without modification [red line]JConcentrazione nell'aria= Air
concentrationpistanza= Distance. Commas indicate decimal separation.

Table 11 - Quantity of clothianidin intercepted by the air sden filters in the 2010 trials compared to 2009
findings.

2009 2010 Ratio 2010/2009
(m) modification | modification | modification | modification With Without
i ] i ] modification | modification
my/filter my/ filter my/ filter ny/ filter
5 0.017 0.028 0.24 0.18 14.12 6.43
10 0.032 0.021 0.06 0.11 1.88 5.24
20 - - 0.10 0.10 - -

Observations on bees

During the sowing operations, wind speed was yfdiolwv (on average 1.8 m/sec) and wind
direction was often variable. It was therefore dedi not to take the orientation factor into
consideration for data processing, and to consitlerages as placed at the same distance from the
seeded field,

As stated earlier in point 2.3, the smaller-siezggerimental plots were not suitable for study of
acute toxic effects on bees. Therefore the cages placed around the seeded field essentially in
order to determine the quantity of dust trappedhgybodies of bees restrained in the cages on the
ground next to the Petri dishes (analyses are agydror these reasons, and also because the trial
was stopped at 48 h, mortality linked to acutedibxiwas not observed (but at 72 h, in the trials
described in point 6.1, mortality continued to tiserved, with peaks precisely on tHéday with
clothianidin, Figure 27).

Thus when analyzing the mortality percentage ¢f380 cages used in the trials (4 active
ingredients, two seeders, 4 orientations, 3 digisand 3 replications, as well as the control dages
it can be noted that in the majority of cases ntibytdid not exceed 1% (Table 12). If the cases in
which mortality was lower than 1% are disregardid@, majority of cages nevertheless showed
mortality ranging between 2 and 5%.

Table 12— Number of cages for each mortality class, in @lgr

Mortality class Number of cages
>=20% 1
10.00-19.99% 5
5.00-9.99% 9
2.00-4.99% 77
1.00-1.99% 9
<1.00% 259

However, if an overall assessment of the 4 acitiggedients together with the two types of
machine (with and without modification) is madegddhe mortality percentage at 48 h in the cages
placed at the different distances is compared & dbntrol, then some statistically significant
differences emerge (Table 13). In particular, @& %1 13 cases the mean value for the cages was
significantly greater as compared to the contrdijlevin 6 cases the opposite was true, but the
difference was neutralized at the greater distantieis suggests that the difference between cages
exposed to coated seed versus the control wasuatezhwith increasing distance from the seeded
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field. Therefore the subsequent computations tod& consideration only the cages placed at 5
meters.

Table13 — Number of cases in which the mean of the replioatiplaced at the various distances showed a
significantly greater or lower mortality rate théime control, as an overall assessment for all #ect
ingredients and the two seeders. ANOVA followedlokey’s HSD test, on angular transformed data.

Statistical comparison Distance from field
5m 10m 20m
coated > control 13 11 12
coated < control 6 8 11
No significant difference coated vs contr. 13 13 9

Table 14 —Bee mortality percentagén cages placed at 5 m from the seeded field, agpaced to
control cages. Significant values of p are indidatered. Student’stest on angular transformed data

Active . % mortality

ingredient Modified 5m control T test
seeder 1.41 0.26 p<0.05

Clothianidin
unmodified 0.75 0.73 n.s.
modified 4.40 3.93 n.s.

Imidacloprid
unmodified 0.87 0.33 p<0.05
modified 1.74 0.25 p<0.05

Thiamethoxam
unmodified 0.63 1.56 p<0.05
modified 0.26 0.40 n.s.
Fipronil

unmodified 0.82 0.72 n.s.

Table 14 shows a comparison, made separatelyafch active ingredient and type of seeder,
between mortality (at 48 h) recorded in the cagested at 5 meters from the trial field and cohtro
cage mortality. It is clear from the table that3rcases mortality was significantly greater in the
treatment as compared to the controls, while iy onke case was the opposite observed.

Finally, in a comparative assessment of bee miyrtedtes, corrected with the Shneider-Orelli
formula’, obtained after sowing with the two types of seefirodified and unmodified), no
generalizable pattern was found (Figure 11). Foo tactive ingredients (clothianidin and
thiamethoxam) mortality was greater with the maudifiseeder, whereas the opposite result was
obtained for the other two active ingredients (iasldprid and fipronil).

! 9pcorrected mortality = [(% mortality associateithwcoated seed- % control mortality) / (100 - %izol
mortality)]*100.
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Figure 11 —Mortality percentage, corrected with tBaneider-Orelli formula, recorded in the cages gafac
at 5 m from the trial field, with a comparative essment based on use of the two types of seedem-Ma
Whitney’'s U Test (p=0.05).

These observations in no way solve the problenkedirto the effects of sublethal doses, which the
active ingredients in question have already beemnvsho exert on non target insects such as bees.
Such effects cannot be evaluated through this &iridal typology (see Chapter 6).

2.4 Testing for active ingredient residues in soénd in maize plants at different phenologic
stages

The 2010 activity also includes a second experiaieyear for evaluation of residues of
imidacloprid in soil and in maize plant tissue. $tuplots measuring 1000°reach were set up. To
eliminate variability due to possible divergenteirsiction between the active ingredient and the
metabolism of the different hybrids used in theear period, the same seed as in 2009 was used,
with a modified seeder (sowing carried out by CRGI).

The experiment was conducted to evaluate the smisigience of imidacloprid during crop
development. Additionally, translocation of the iaetingredient into plant tissue during the
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different phenologic stages was investigated, \pdfticular attention to sampling pollen at tassel
emergence, in order to test for the possible prEsehimidacloprid.

Activity involved :

- soil characterization (granulometry, texture, ptd,)e

- quantification of the presence of active ingredieithin the seeded field,;

- meteorological and climatic measurements;

- sampling of soil, coated seed-grown maize plantscamtrols at different phenologic stages of
the crops, performed in triplicate for each plot;

- analysis of sampled plants (gathering a sufficniber of samples to allow analysis of the
different plant tissues: roots, stem, leaves, podlad grain) in order to assess presence of the
product and possibly of its metabolites;

- determination of plant fresh and dry weight.

2.5 Conclusions

Dispersal of the active ingredients was foundepehd on a number of factors. Firstly, the seed
coating procedure: if the seed coating treatmerf igood quality, only limited amounts of dust
(and of active ingredient) are released. The tdstcribed in recent years by manufacturers of
these substances not only were based on the wamweéntional (unmodified) seeders but they also
involved less recent and less efficient seed cggtimcedures compared to the systems currently
available. Thus the earlier tests showed much higbecentration values (roughly 10-fold higher)
than detected in the most recent trials. From ploisit of view the 2009 results are substantially
confirmed by the findings in 2010: under equal dbods of seed dustiness (Heubach cylinder
test), although the 2010 concentrations obtaindtarfixed point tests (prediction, Figure 6) and i
the field (over a more extensive area, Table 8eweore than twice as high as in 2009, they were
of the same order of magnitude as the 2009 findibgth for the conventional and the modified
seeder.

The second factor concerns use of the modificgtefiector). The deflector used in 2010, which
differs both in size and shape from the type wdizn 2009, is based on a similar principle and
provided results in line with the 2009 findings,thban the fixed point and the field tests, with a
marked reduction in concentration as compared & dbnventional machine. Looking at the
diagrams of the results, both with regard to tixedipoint (Figs. 5 and 6) and the field (Table 8)
tests, the reduction for the four active ingredergn be summarily quantified as 50%.

Research into more efficient solutions for abateina abrasion dust dispersal is currently in
progress. It is considered that the target to a@nshauld be the absence of any abrasion dust
dispersal during use of the seeders. This woulgdssible by trapping the dust in some manner
inside the seeder itself, and postponing its dialptts a phase subsequent to sowing, in line with
procedures analogous to those adopted for allg@stresidues. This would allow the problem of
dust to be transferred from a poorly controllabteation (the field, with all the operational and
environmental variables mentioned repeated inghjger) to one in which the possibility of control
is maximized (a circumscribed area of the CRA caxplthereby ensuring compliance with all the
required precautions for operator health safeguards

The third factor concerns meteorological and emnnental conditions. These are not controllable
and it is therefore difficult to obtain perfectlpraparable trial conditions. In our view, sampling
conducted on all the sides of the trial field cdnites to bypassing this difficulty and certainly
provides a better description of the phenomenoh wagard both to individual tests and also to
comparison between the modified and the conventimaghine. However, the comparison remains
affected by the elevated environmental variability,also testified by the statistical analysishef t
field trials (Table 9). From this perspective, theed point system proposed in order to normalize
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trial conditions can provide more reliable indiocas. This system confirmed the findings of the
field trial concerning the abatement percentage.

Once the method proposed for predicting field emtiations from data obtained in simulated
tests has undergone further verification, finesignand validation, it may become possible to avoid
the field phase, thus making operations for thdua®mn of a machine or a modification much
more practical and faster. Thus if devices desigiwededuce dust dispersal are introduced in a
generalized manner on pneumatic seeders, it withdmessary to set up a trial system capable of
“validating” the performance of the device. Thisulwbbe carried out by using a system analogous
to that described in the present report. In thigtext, it should be noted that CRA-ING is entrusted
with the “ENAMA performance and safety certificatiaests for seeding and transplanting
machines”.

All trials have so far been conducted using semater with the four active ingredients under
study according to the normal seed coating proesduif the (field or fixed point) trials are
broadened into a more systematic monitoring proghamwill be fundamental for the tests to be
conducted using seed deriving from the normal seating procedures, but taking care to replace
each active ingredient with a substance havinglaimbehavioural characteristics (in terms of dust
production, analytical characteristics) but totafigocuous.

In the field trials on 3-ha plots, concentratimisserved in the sampling areas were on average
twice as high as those recorded in the 2009 tcal4600 M plots. This confirms the hypotheses
put forward as the basis for the 2010 activity, apnthat extension of the seeded area influences
the level of contamination of bordering areas. €fae, in order to obtain reliable data on the leve
in question, it is necessary to approximate reafajng conditions.

Furthermore, it should be borne in mind that dyrimork in 2009 on the 1600 ‘mplots the
characteristics of the seeder available at the timade it necessary to adopt a very elevated seed
density. If normal seed density had been adoptB(D seeds/ha), the area corresponding to the
quantity of seed distributed would have measuregty 2700 ri. Therefore, with an increase in
seeded area ranging between 12 times greater fretticeen 30,000 frand 2700 1f) and 19 times
greater (ratio between 30,0007 mnd 1600 1), a doubling of ground level concentrations was
observed. On the basis of these data it is reat®talassume that the further increase in seeded
area may increase the concentration of active dignés in the surrounding areas. However, in the
absence of further experiences, it is not possibthis stage to give a reliable estimate of therex
of the phenomenon.

As far as observations on bees are concerneah ibe said that overall the bees were unaffected —
in terms of acute effects — by exposure to the eotmations recorded around each cage, even
though such concentrations were twice as high #seiprevious year. However, it was pointed out
earlier (point 2.3) that when there was an increagbe seeded area, an increase (albeit less than
proportional) in concentrations was also obsendghresent, no information is available to suggest
how and to what extent bees would be affected bgnsive sowing of a very large area, a practice
frequently adopted in maize-growing zones. Thugh&rrresearch into this issue is required, taking
into account that utilization of these active irdjemts has been suspended for the past two years,
and that during this two-year ingredient-free pértbe number of reports of problems affecting
bees in maize-growing areas has substantially mitl{Table 1). There remains the issue of the
effects induced by sub-lethal doses, which caneo¢\aluated in the cages. This question will be
addressed in chapter 6.

In conclusion, the manner in which seed coatimeiformed and the type of modification applied
to the seeder constitute fundamental elementstimeaingredient drift abatement. To date, despite
careful attention to these aspects, a certain degfrenvironmental dispersal of insecticidal cogtin
dust is still observed.
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3. Effects induced in bees by contact with dust durg flight over a field sown
with coated maize seed

3.1 Premise

The purpose of this study was to evaluate theeffedirect exposure of bees, during flight, te th
dust emitted by the seeder during the process wingocoated maize seed. The argument put
forward here is that when a bee makes repeatdddligwards flowering plants and flies over plots
sown with coated maize seed, it may suffer lettaégning as a result of the dust it comes into
contact with during flight.

Preliminary trials with bees restrained insideetutetting cages and directly exposed to dust
emitted by the seeder showed a toxic effect oftiype of exposure. However, in these conditions
the bees could not avoid contact with the dustdmaging from the cage. To simulate conditions
closer to field conditions, a trial was set up ihieh bees were trained to visit a feeder and were
obliged during the journey between the feeder dmedhive to fly over a field sown with coated
maize seed.

A number of experiments were carried out in 2008 2010. The majority of the data thereby
obtained are in press; therefore only the res@dtsaming to two experiments carried out in spring-
summer 2010 are given here.

3.2 Materials and Methods

The trials were performed at the Experimental Farinthe Agricultural Faculty, located in
Legnaro (Province of Padua), where 4 beehives mpply the Bee-Keepers’ Association of Padua
were made available. The bees of the 4 trial hiwwexe trained to visit a feeder having a diameter of
25cm and containing sucrose solution. The feederlwawn in order to merge with the colour of
soil so that it would not attract bees from othprages. It was situated at progressively spaced
distances from the hives, up to a distance of ruB0 m. When the bees started out from the
apiary (45°20'39.45"N; 11°57'16.05"E) to fly towartthe feeder, they had to rise up for at least 2-3
m in order to fly over the top of a screen-houkentfly over a small vineyard, and cross a road and
70 m of ploughed land. During observation of ttkght, they could be seen flying at around 2 m
of height, and a count of the number of bees ghflio and from the food source gave a figure of
roughly 100 bees a minute.

Sowing was carried out on the first portion oflat pneasuring 50m x 70m, at a distance between
35 and 65 m from the hives, and at least 35 m ftoenfeeder. A 4-rov MONOSEM NG-Plus
(Monosem, Largeasse-France) seeder was utilizethjsas the most widely used seeder for maize
growing at the University farm. Roughly 73,000-@0QGeed/ha were sown. The working speed of
the machine was 6-7 km/ha: at this speed, withff@actese sowing width of 3m, the machine would
theoretically take 30 minutes to sow 1 ha, althotlghactual time required was 45 min. The air
exhaust vent (150 I/sec), placed on the right-rede of the seeder, discharged at a height of 1.8 m
at an angle of 45° to the horizon.

The seed was supplied by A.l.S. (Associaziongaltal Sementi); the hybrid utilized was X1180D
964890 produced by Pioneer Hi-bred Italia in 200@ 2010, and coated with Celest XL®,
Poncho® and Gaucho 350FS®.

Whenever the bees, having become accustomeding fbywer the plot on their way towards the
feeder, caught sight of the shape of the seedey,dtoided it either by flying over it or by moving
aside while in flight or passing a few meters aweym the machine. Observations on this
behaviour were possible by looking at the seedeadtion with the sun behind the observer’s
shoulders.

At the beginning of sowing and subsequently atbBute intervals, bees were captured near the
feeder with a test-tube, placed individually in %>m tulle netting cages and fed with a drop of
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honey, which was placed on the netting of the soedle and periodically replaced. 24 samples of
bees were captured for each time interval, beggqiith the moment of starting up the tractor and
subsequently at 15 minute intervals during the sgvyprocess.

The samples of 24 bees were then transported dncéiyes to the laboratory in controlled
temperature conditions of 22+1.5°C. Subsequendlyefch time interval, one half (12 cages) of the
samples, randomly chosen, were maintained in latigréaumidity conditions while the remainder
(12 cages) were placed in plastic boxes with humicbnditions approaching saturation (> 95%).
The elevated relative humidity was obtained by ipla¢he cages inside transparent plastic boxes:
these were non hermetically closed with plexiglkds and the interior bottom was lined with a
sheet of damp paper. The interior sides and thevéick sprayed with water, and the cages were
raised off the bottom of the box by means of gsifi polystyrene, to avert the risk of the bees
getting wet with water that could accumulate atlib#om of the box.

A total of 120 bees were assayed for each a.4. H@es at 5 time intervals) apart from

thiamethoxam in which 72 bees were assayed (24di€&8me intervals).
Each test had an overall duration of 60 minutesallriests, dead bees in front of the hives were
counted at one hour after the end of sowing andl#élyeafter; additionally, in some tests, samples of
bees from in front of the hives and from aroundfdezler were collected and submitted to chemical
analysis.

3.3 Results

Mortality among bees that were captured at therwals of time after sowing and were
maintained in the laboratory in different humiditynditions is shown in Tables 15, 16 and 17.

Bees captured at the beginning of sowing showeslyngtom of poisoning and no mortality was
recorded in either of the two humidity conditionsees captured at subsequent intervals and
maintained in elevated humidity showed 100% madytakithin 24 h, some even within an hour
after the end of sowing, whereas those maintainezbnditions of laboratory humidity showed a
lower mortality rate.

The short-term results are sufficient to show siieergy between exposure to dust and elevated
humidity.

Table 15 —Mortality of foraging bees captured in the field need the feafter flying over the seeder during
sowing of fipronil-coated maize seed.

Minutes after Number of dead bees /Total number of bees in the ga
beginning of HUMID DRY
sowing with
fipronil- 1 h after 2 hafter 24 h after 1 h after 2 h after 24 h after
coated seed | sowing sowing sowing sowing sowing sowing
0 0/12 0/12 0/12 0/12 0/12 0/12
15 12/12 12/12 12/12 4/12 9/12 11/12
30 12/12 12/12 12/12 1/12 6/12 10/12
45 10/12 12/12 12/12 8/12 9/12 11/12
60 9/12 12/12 12/12 0/12 3/12 8/12

Table 16 -Mortality of foraging bees captured in the field need the feafter flying over the seeder during
sowing of thiamethoxam -coated maize seed.

Minutes after Number of dead bees/Total number of bees in the cag
beginning of HUMID DRY
sowing with
thiamethoxam-— 2 h after sowing 24 h after sowing 2 h after sowing| 24 h after sowing
coated maize seed
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0 0/12 0/12 0/12 0/12

15 12/12 12/12 6/12 12/12

30 12/12 12/12 6/12 10/12

Table 17 —Mortality of foraging bees captured in the fielcan¢éhe feeder after flying over the seeder, in the
various tests, according to the kind of coating,tfoment of capture and humidity conditions.

Sowing date Coating agent and Humidity Time of capture from beginning of sowing (min)
year 0 15 30 45 60

14/07/2009 | Clothianidin 2009 |22 012 | 012 | 02| 012] 012
>95% 0/12 | 12/12 12/12 12/12 12/12

23/07/2009 | Imidacloprid 2009 (1) 0% | 02| 212 | OA2 | 112| 312
>95% 0/12 | 12/12 11/12 12/12 12/12

0,

15/10/2009 | Imidacloprid 2009 (2)—0% | 0121 02 | 012 | 112] 4/12
>95% 0/12 | 10/12 12/12 12/12 12/12

02/09/2010 Fludioxonil + 70% 0/12 0/12 0/12 1/12 0/12

Metalaxil-M 2010 >95% 0/12 0/12 1/12 0/12 1/12

02/09/2010 |  Clothianidin 2010 |— 2% 012 | 112 | 112 | sM2] SA12
>95% 0/12 7/12 12/12 11/12 12/12

The first results of chemical analyses on dead hbeethe laboratory cages indicate mean
contamination levels exceeding 500 ng/bee of adtigeedient.

In the trials with fipronil and thiamethoxam, sealehundred dead or dying bees were observed in
front of the hives, expelled during the hours imraggly following the test or on the subsequent
day, with a maximum of 1000 dead bees in front @he of the hives. This was observed in
particular when the tests were conducted on dayslefated relative humidity in the air. An
average of more than 100 ng/bee was found in timples of bees collected in front of the hives on
the day after the test. However, evaluations wese performed to determine the effects on
colonies, which apparently showed no marked redostin flights of foraging bees.

In the trial with clothianidin 2009, 400 dead b&esre observed in front of the hives 3 hours after
the test, while the number rose to 1490 the folhmgnday.

In the trial with imidaclorprid 2009 (1) bee moitalwas lower (less than 50 dead bees in front of
the 4 hives) while in (2) 300 dead bees were olesen the day of the trial and 500 on the
following day.

In the trial with clothianidin 2010 about a hundidehd bees were observed in front of the 4 hives
on the day following the test.

The results of the chemical analyses on the dead t@lected during the trials with imidacloprid
2009 and clothianidin 2009, from in front of thevés and from around the feeders, are reported in
Table 18.

Table 3 —Residues of neonicotinoids in samples of dead bekscted in front of the hives and near the
feeder at the end of the two over-flight tests.

Time interval N. of
Sowing Coating agent and Collection between sowing ' Quantity of
analysed .
date year place and sample b a. i. (ng/bee)
. ees
collection
14/07/2009 Clothianidin 2009 feeder 30 min 7 674
hive 3h 7 161
hive 24 h 7 118
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15/10/2009| Imidacloprid 2009 (2 feeder 30 min 4 663
feeder 45 min 8 442

hive 3h 8 500

hive 4 h 8 53

3.4 Conclusions

The results of these trials indicate that wherea travelling towards a food source flies over a
seeder that is sowing insecticide-coated maize, sbedbee may be exposed to a lethal dose of
active ingredient, probably even in a single flighite results also demonstrate that the dust einitte
by the seeder is sufficient to kill the bees withthe poisoning effect being mediated by ingestion
of contaminated food. In contrast, previous exgiana of bee die-offs following coated maize
seed sowing were consistently based on the hypetbésontaminated food. It was suggested that
contaminated dust drifted onto vegetation borderihg seeded field, and since the active
ingredients present in the seed treatment proceswater soluble and have systemic activity, they
can penetrate into vegetation and enter into @t in plant tissues, thereby affecting nectat an
pollen and consequently poisoning the bees thalt deethese substances. Although this hypothesis
appears credible and is not without foundatiodp#s not suffice to explain the death of beesgust
few hours after sowing operations.

A further interesting aspect to emerge from tha is the effect of humidity on bee death. Bees
maintained in laboratory humidity conditions showaedhuch lower mortality rate, despite having
been subjected to the same dust exposure as béetsined under elevated humidity, given that
the two groups had been randomly divided. This ¢@uiggest that even quantities of 500 ng/bee
may not necessarily be lethal under low R.H.

The sequence of events can thus be depictedlas/$olwhen bees encounter the seeder, in their
attempt to avoid it they become dusted with a paiy lethal dose of neonicotinoid; if R.H. is
elevated, the bees die within a few hours, buthié air is dry, they generally survive, so that the
association between pneumatic seeder, maize ses¢eboaith neonicotinoids and bee die-off is no
longer clearly evident. Once their bodies have lsested with the product, the bees may die close
to the food source (as observed near the feedeny &heir flight path or upon their later retum t
the hive. In the latter case, they are expelledheyother bees, who may in their turn have been
contaminated by the dust.

The elevated toxicity of the dust emitted by teeder, as compared to the toxicity of the active
ingredients themselves when delivered in spray @itaition, requires an explanation that considers
not merely the variations in humidity. Examinatiohthe quantity of active ingredient in the dust
fragments collected at the exit from the seedewslahat the active ingredient constituted 20%, in
weight, of the particulate. The use of neonicotilsoin spray formuation in orchards requires the
active ingredient to be diluted in water for clathidin, around 75 ppm, (Dantop® 50%
clothianidin, utilized at 15 g/hl), which in comjmon to 20% is at least 2.600 times lower. And in
addition to the extremely elevated concentratioaative ingredient detected in the dust in out,tria
a further problem concerns the shape of the integiraf bees. As the integument is specifically
adapted to collecting pollen, it is extremely ljkab trap dust. Moreover, the quantity of active
ingredient on the seed (1.25 mg of active ingretdien seed, each seed having a weight of 0.3 g) is
greater than 3500 ppm, which in itself represents@logical problem directly correlated with the
phenomenon of guttation (Girolarei al. 2009).

Other problems arise in connection with the pattfrmaize-growing areas. In certain traditional
maize-cropping areas, maize occupies vast areagxtmple, in the Province of Padua maize is
grown on 30% of the total area (> 65.000 ha ou&6.000 ha ) and on roughly 50% of the SAU
(Superficie Agraria Utile [Usable Agricultural Ared, namely 136,000 ha (data from the region of
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Veneto Direzione Sistema Statistico Regionale, 20B6@t to a considerable extent, maize is also
grown on innumerable small plots intermingled watiher crops and green belt areas of various
kinds, as can easily be observed by consultingtii@e land use registry for the Veneto Region,
where the die-off and related phenomena describddsenulated in this experiment were detected
more frequently in previous years. It is interegtio note that other countries (eg. Germany) have
likewise experienced die-off phenomena in mixedoping areas (Nikolokigt al. 2009), whereas
in monoculture maize cropping areas, as in Fratn@ephenomena are less marked, since the bees
are less likely to fly over the sown fields, givitre absence of blossoms. Therefore the problem of
spring mortality affecting bees can be seen asetinto the fragmentation of crops and to the
habitual foraging flights by bees, which in alldlkhood involve flying over mixed cropping areas
that include fields sown with maize.

The results of the trials described here thusrdmrie to shedding light on the problem of bee
mortality in areas sown with maize, with particulaference to the period of sowing between
March and mid May, especially in conditions of ead humidity.
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4. Evaluation of the productive and agronomic utilty of maize seed treatment
and persistence in plant tissues of the active ingdients used for seed coating

4.1 Evaluation of the productive and agronomic utity of maize seed coating

Evaluation of the productive and agronomic utibfymaize seed coating was performed by means
of several trials, carried out by the CRA-Maize &ash Unit of Bergamo (CRA-MAC) (paragraph
4.1.1) with the collaboration of Veneto Agricoltui@ entomological aspects; by the DiSTA of the
University of Bologna and by the DIVAPRA of the Warsity of Turin (paragraph 4.1.2); by
Veneto Agricoltura (paragraph 4.1.3) and partlythg regional network of Lombardy, Piedmont
and Veneto in the framework of the project “Majan@s” (paragraph 4.1.4 and 4.1.5).

4.1.1 Agronomic trials

The trials conducted at the CRA-Maize Research tinRergamo (CRA-MAC) aimed to compare
the production yield of materials deriving from deeeated only with fungicide (Celest) versus
materials deriving from the same seed coated nigtwith fungicide but also with one of the four
active ingredients under study, utilized againstugd-dwelling insects and phytomyza species in
general (imidacloprid, clothianidin, thiamethoxanddipronil).

The agronomic trials were set up in 20 localitresstly situated in traditional maize-growing areas
(Lombardy, Piedmont, Veneto, Friuli, Emilia Romagaad in Tuscany (Table 19).

Table 19- List of the 20 localities in which the Apenet 20dgronomic trials were set up.
A list of the symbols of the Italian provinces damfound on the website:
http://www.tuttocamere.it/files/varie/Province Sigidf

Region Locality

Lombardy Bergamo

S.Angelo Lodigiano (LO)

Luignano (CR)

Caleppio di Settala (M)

Castenedolo (BS)

Pudiano (BS) * NO HARVEST

Ostiglia (MN)

Piedmont Vigone (TO)

Chivasso (TO)

Castelceriolo (AL)

Veneto Lonigo (VI)

Montagnana (PD)

Villadose (RO)

Noventa Vicentina (VI)

Emilia Romagna Ambrogio (FE)
Parma
Friuli Mortegliano (UD)

Palazzolo della Stella (UD)

Codroipo (UD)

Tuscany Marciano della Chiana (AR)

Materials and methods
For the 2010 experiments, as agreed in the framewthe APENET Project, materials supplied
by the Italian Seed Association - ASSOSEMENTI watikzed. A different hybrid compared to the
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2009 trials was provided, although the same onebead asked for: thereby the commercial Maize
hybrid PR32G44- FAO 600 instead of PR31N27- FAO W@8 used. The materials were prepared
starting from a batch of homogenous seed, accotditige following 5 treatments:

TREATMENT Fungicide Insecticide active ingredient
1 - Control *Celest none

2 - Cruiser *Celest thiamethoxam

3 - Gaucho *Celest imidacloprid

4 - Poncho *Celest clothianidin

5 - Regent *Celest fipronil

* The fungicide Celest contains fludioxonil and adakyl.

The 5 treatments under study were assayed in #@meefvork of each agronomic trial, in a
randomized block plan with 4 repetitions; 30 sq lmtgowere used for the trials, in which seed of
each treatment was sown at a density of 7 plafts/m

For each agronomic trial, standard measurementsagrahomic evaluations were performed for
each of the 5 treatments under study, as listesl heow:

- production (g/ha-15.5% R.H.)

- grain humidity (R.H. %)

- hectolitric weight (kg/hl)

- plant height (cm)

- ear insertion height (cm)

- percentage broken stalks (%)

- percentage lodged plants (%)

The mean data for these parameters, measured agrb@omic trials (data from the Pudiano-BS
trial was not collected) are reported in Table 20.

Results

Statistical analyses of the data, conducted byyaaalof variance to compare the treatments object
of the study, assuming treatment as a fixed faamak locality as a random factor, showed that the
mean values of the measured parameters do notr diffmificantly (treated vs non-treated).
However, as reported in Table 20, a tendency tosvardjreater yield in insecticide-coated seed
compared to non-coated (control) was evident. Mpexifically, in the case of clothianidin-treated
maize (treatment 4-PONCHO) the average crop yieas \about 6 g/ha-(15.5% R.H.) higher
compared to control, showing a marked effect ofaleon production levels.

As mentioned above the commercial hybrid suppligdssosementi for the 2010 trials is different
compared to the one supplied in 2009. The hybrebua the 2010 trials (PR32G44- FAO 600)
may have determined a different genotype-envirornngeraction, also in relation to the seed
coating with insecticide, not comparable to whas whserved in 20009.

Table 20 —Mean values from 19 agronomic trials — APENET 2010

Insecticide Yield Grain Hectolitric plant heiahtl Ear insertion % plants
Treatment (active (g/ha humidity weight (cm) 9 height (cm)) w. broken
ingredient) 15.5%r.h.) (r.h. %) (kg/hl) 9 stalks

% lodged
plants

1 - CONTROL none 132.15 23.59 73.11 260.0p 129.25 8.11 502

2 - CRUISER thiamethoxanr 134.90 23.50 73.12 260.64 129.44 6.153 5.2




3-GAUCHO | imidacloprid | 134.60 23.29 72.85( 262.19 129.56 7.78 414

4-PONCHO | clothianidin | 138.17 23.28 72.96 264.6P 131.73 7.05 5.03

5 - REGENT fipronil 135.99 23.48 72.88[ 262.7p 131.94 8.04 5.5

DMS 0 .05 4.37 0.28 0.44 3.67 2.73 7.5

(o))
=
~l
N

4.1.2Monitoring of harmful soil insects

In some of the localities where the agronomic sri@kere set up, risk maps for harmful maize soil
insects (WirewormsAgriotes spp and Western Corn Rootworiiabrotica virgifera virgiferg
were drawn up in cooperation with Veneto AgricadtuDiSTA of the University of Bologna and
DIVAPRA of the University of Turin.

Monitoring of hypogeal phytophages was carriedamabrding to two methods:

1) determination of larval populations, plant densiti@and pest attacks in plots where
Wireworms were monitored by pheromone traps in 2009

2) monitoring with YATLORf pheromone traps set to resg to adult forms of the main
Wireworm species and Western Corn Rootworm

Materials and methods

1) Determination of larval populations, plant déiesi and pest attacks in plots where Wireworms
were monitored by pheromone traps in 2009

In many of the plots where pheromone traps wereeplan 2009, their position was identified and
marked with a pole; at that point larval traps weue in place and a portion of the field all round
the traps was kept free from geo-insecticide treatm

The larval traps with natural attractant (ChabeBlat, 1982) were made with plastic pots (diameter
10 cm) with drainage, filled with vermiculite an@ &l of maize seed and 30 ml of wheat grain,
then filled with more vermiculite. After having beeéhoroughly wetted, the pots were buried in

such a way that the upper border of the pot wasSelow ground surface. Then 2 cm of earth
were placed on top of the pot, followed by an owened flowerpot holder (diam. 18 cm) and more
earth up to ground level. The traps were placednwdwl temperature was above 9 °C and with
relatively high humidity; in the trap locations theil was free from vegetation. After 7-10 days the
pots were collected, codified, and placed in b&geh pot was analysed by manually breaking up
the vermiculite mixed with the seeds and the newtyned roots, and observed Wireworm larvae
were counted so as to yield an estimate of avenag®er of larvae per trap. The observed material
was positioned on funnels on top of a test tube;ditect the larvae, which move to the lower

surface as the material dries out.

Placing of the larval traps was carried out aceaydo the following stages:

a) Exact identification of the position of the 200%pbmone traps;
b) Placement of the larval traps according to speditigram (Fig. 12);
c) Collection of traps, maintenance of indicationdN@N treated plot;
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lllustrative diagran

10 m
. N .- 30n

Diagram for 2 joined trap positiol

5m

Figure 12 -— Diagram of trap positioning:
N = position of 2009 pheromone trap;
- = larval trap.

In the stations which hosted pheromone traps inptie@ious year (2009) absence of insecticide
treatments was guaranteed. In the area aroundrdpeldcation 5-6 sub-plots, measuring 20 m
length and 3-6 rows wide, were randomly chosenthedollowing parameters measured:

* plant density at emergence

« attack on seed — plantlets

* plant density at 4-8 leaves stage

» attack on 4-8 leaves stage

* other attacks (aphids, viruses, ....) on 4-8 leatage
* plant density at harvest

2) Monitoring with YATLORf pheromone traps set tspond to the main Wireworm species and
Western Corn Rootworm

As far as possible, traps were placed in the sapsgigns as 2009, or as near as possible so as to
obtain information on the temporal dynamics of theect populations, on the stability of the
monitoring indications and to obtain further datastudy the correlation between the level of adult
and larval populations and pest attack on the crop.

In each station, 1 or 2 pheromone traps were placélde plot in presence of the crop preceding
maize in the rotation. The distance between trapbe same station was at least 50 m. The traps
were placed inside the plot or on the edge if tiop evas very thick.
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The time schedule of operations concerning momigpnvith Yf traps was approximately the
following:

1 The coordinates of trap positions were identified:;

2 The trap was placed at ground level with the teainbasal point completely stuck into the
soil, including some soil around the edge;

3 On March the 20th traps were placed in the middlehe experimental area, with the
pheromone (Kartel 730) dispendésr A. brevisin a low position and the opening towards
the ground;

4 On the 10th of April the captured insects wereaméd and the pheromone disperfstr
A. sordiduswas placed in the middle of the trap and the apggtowards the ground;

5 On the 10th of May the captured insects were ctBand the pheromone disperfstar
A. sordiduswas replaced with a new one placed in the samiéqus

6 On May the 20th the captured insects were coll8cted the dispensefor A. breviswas
replaced by the dispenser #r litigiosus, placed at the bottom of the trap with the opgnin
towards the ground;

7 On the 18 of June the captured insects were collécted the pheromone disperfsir A.
litigiosus was replaced with a new one, while at the tophaf trap pheromones .
ustulatusand Western Corn Rootworm were placed together;

8 On August the 10th the captured insects were delic

When the trap was located in a thickly sowed crigpage grass, wheat) and in any case after
inserting the sexual pheromone for Western Cornt®Rawn, a piece of dog-collar with insecticide
was placed at the bottom of the trap.

% = Handling of pheromone attractants (Kartel 73pscies forA. brevis A. sordidusandA. litigiosus, A.
ustulatus:

The attractants must be kept in their sealed paokigie freezer (-18°C) or if not possible in thielge (O-
4°C).

When extracted from the packet the attractants mexser be touched but must be handled by the $pecif
plastic strip. The capsules should never be opened.

® = Collection of captured insects:

1- remove the trap from the ground;

2- place the trap in a wide and transparent pldsig before opening the trap. While keeping the dmg
closed as possible remove the base of the trapdette insects fall in the bag;

3- close the bag as soon as the trap has beendypene

4- substitute and readapt the trap;

5- re-position the trap in the ground;

6- count all the insects present in the bag;

7- report on the bag the following data: name, tiocaand code of the trap, date of collection anchber of
counted insects.
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Table 21- Overview of results of Wireworm monitoring in tiieneto and Friuli plots.

. With risk with risk A. brevis A. sordidus A. litigiosus | A. ustulatus | A. brevis A. sordidus | A. litigiosus | A. ustulatus
Monitored factors factors
REGION plots (A.brevis, | (Alitigiosus mean (s.e., mean (s.e., mean (s.e., mean (s.e., | mean (s.e.,,/, mean (s.e., mean (s.e., | mean (s.e.,
A.sordidug | A.ustulatug min-max) min-max) min-max) min-max) min-max) min-max) min-max) min-max)
76 (18.3, 523 (53.1, 548 (88.4, | 0.03 (0.01,| 0.14(0.03, 1.03 (0.35,
VENETO 51 6 6 0.0-691.00) | 91.00-2129.00 ND. 0.00-2786.00} 0.00-0.25)|  0-0.83) ND. 0-9.95)
169 (19.70, | 335 (66.58, 12 (6.41,
FRIULI 11 2 0 86.00-323.00) 59.00-763.00) 0.00-52.00) ND. ND. ND ND. ND
TOTALE 62 8 6

Table 22 —Overview of the effects of Wireworm attacks in theneto and Friuli plots.

Monitored Plant density: plants/ nf Mean (% health % emerged plants attacked by| Visible symptoms without Severe damage
REGION (HEALTHY PLANTS): mean Y| Elaterids (Agriotes sordiduy | repercussion on yield (up to | (>20%, re-sowing
plots . on sown) ; . .
(s.e., min, max) mean (s.e., min, max) stains 10% eroded) required)
VENETO 51 6.46 (0.07, 5.30-7.38) 90.3 1.14 (0.024, 0.0} 7. 2 0
FRIULI 11 6.63 (0.05, 6.35 - 6.90) 90.7 0.059 (0.01, 0%} 0 0
TOTALE 62 2 0
INCIDENCE (%) 3,2 0




Results

1) Determination of larval populations, plant déiesi and pest attacks in plots where Wireworms
were monitored by pheromone traps in 2009

An overview of results is reported in Tables 21 2ad In the test plots the number of larvae per
trap was always below tolerance threshold and mersedamage from soil insects was observed.
The obtained results confirm the findings of tri@s this issue described in the past decade,
including the first year of Apenet experiments.

Severe damage on the maize crop (such that yietngpromised) caused by soil insects was
confirmed as a rare event, plant densities werl higd the insect attacks lower or only slightly

higher than 1% of total plants, including plantshagasily reversible symptoms (yellow stripes).

A clear correlation between adult species captwigidthe pheromone traps and larval populations.

2) Monitoring with YATLORf pheromone traps set tspond to the main Wireworm species and
Western Corn Rootworm

The results of the monitoring activity in the Vemetgion are summarised in Table 23. In the
second year, apart from limited cases, the didgiobwof adults in the main species corresponds to
what was observed in the first year. Variability ag locations is high, confirming that an
integrated pest management can be applied difiatigraiccording to risk levels.

Table 23— Numbers of adult Wirewormggriotesspp) and Western Corn Rootworms (WCRjaprotica
virgifera virgifera) captured with YATLORtraps in the Veneto plots. Prov. = Province.

A list of the symbols of the Italian provinces damfound on the website:
http://www.tuttocamere.it/files/varie/Province Sigidf

Previous Total A. brevis | Total A. sordidus| Total A. ustulatus|Total
Prov. [Municipality 2010 crop|crop in WCR year
rotation 2009 2010 | 2009 | 2010 2009 | 2010 (2010
VE ﬁ;’:leDO”a ‘maize | maize 30 60 430 | 677 365 | 492 0
VE |Caorle maize soybean 22 28 655 557 252 750 1
VE |S. Stino maize soybean 31 1 786 758 243 n.r. .onr
VE |S. Stino maize soybean 50 1 1015 486 278 1010 0
VE |S.Stino maize soybean 47 9 11709 767 nd 1063 n.r.
VE |[MottadilL. 45 7 805 856 90 95 n.r.
TV  [Motta di L. maize maize 36 no 1080| no nd no n.r.
TV  |Chiarano maize maize 40 41 422 750 55 50 n.r.
TV  |Chiarano maize maize 48 40 644 864 150 100 0
TV  |Chiarano sugar beghaize 4 50 941 1500 9 30 n.r.
TV  |Chiarano sugar beehaize 4 45 891 920 22 35 n.r.
VE |Caorle alfa-alfa | alfa-alfa 274 147 361 1920 nd | 009 n.r.
VE |Caorle alfa-alfa | alfa-alfa 145 197 185 1111 24 | 876 n.r.
VE |Caorle alfa-alfa | alfa-alfa 30 191 602 1650 10 | d.n. n.r.
VE |Caorle maize sugar beet 36 198 2129 1424 27 11110
VE |Caorle rye-grassjsugar beet | 125 |no 619 no 1275 | nr.
soybean |
VE |Caorle wheat/ - sugar beet |, 303 |no |1188 | no | 755 nr.
soybean |
VE Torre d 10 no 570 no nd no n.r.
Mosto
VE Torre d 12 no 729 no nd no n.r.
Mosto




ve |Concordia 20 no  [1871 | no 119 | no nr.
Sagittaria
VE |Concordia 49 no 875 no nd no n.r.
VE |Caorle maize barley 3 4 206 1084 2786 1421 n.r.
VE |Caorle maize oilseed rape 0 17 505 1022 2754 3135 |0
VE |Caorle maize | barley- 39 529 | 887 2541 | 1100 | nur
soybean
VE |Caorle maize barley 1 25 467 1580 1616 1910 n.r
VE |Caorle soybean| sugar beet O 22 225 1435 1340 . n.r |n.r.
VE |Caorle soybean| sugar beet no 20 no 757 no 2568 .r. n
VE |Eraclea maize sugar beef 36 3 535 438 300 1533 .r. n
VE |Eraclea maize sugar beet 30 4 414 460 320 1955 r. n
VE |Eraclea soybean| maize 13 5 456 525 974 1878 n.r
VE |Eraclea soybean| maize 10 3 324 612 750 1105 n.r
VE Eraclea 18 no 344 no 615 no n.r
VE |Eraclea 21 no 344 no 512 no n.r.
TV  |Ponte di Piavémaize soybean no 745 no 782 no 28 n.r
TV  |Cessalto soybean| maize no 78 no 1665 no n.r. 0
TV  |Cessalto soybean| maize no 120 no 2562 no nr.| r. n.
TV  |Cessalto soybean| soybean no 110 no 1541 no n.r. |n.r.
TV |Ceggia maize soybean n.r 100 n.r. 1500 821 n.r. |n.r.
TV  |Ponte di Piave 64 no 165 no 720 no n.r.
TV  |Ponte di Piave 22 no 133 no 72 no n.r
TV  |Ponte di Piave 42 no 148 no 600 no n.r.
TV  |Ponte di Piave 144 no 489 no 410 no n.r.
TV  |Cessalto 35 no 1040 | no 177 no n.r
TV  |Cessalto 40 no 1175| no n.d. no n.r.
VE |Eraclea maize maize 78 97 287 1015 1000 n.r. n.r
VE |Eraclea maize maize 4 2 245 250 620 n.r. n.r
VE |Eraclea maize maize 0 3 264 619 880 n.r. n.r
VE |Eraclea maize maize 1 n.r 235 n.r. 800 n.r. n.r
ve [3an Dona ¢maize | maize, |4 50 301 | 305 284 | 200 0
Piave maize
ve [2an Dona dmaize | maize, g 28 |178 | 389 543 | nr. 0
Piave maize
VE ﬁ.a” Dona ¢maize | maize, alfgs, 4 101 | 425 518 | nr. nr.
iave alfa
VE ﬁ;’:/eDO”a (Maiz€ —lsoybean | 79 361 | 767 | 1500 | 1766 1511 | O
VE ﬁ;’:/eDO”a Usoybean | maize 54 72 | 639 | 934 1324 990 nr.
VE |Eraclea maize | maizé, 17, 10 269 | 458 393 | 300 0
maize
VE |Eraclea maize | maizé, g 6 519 | 743 628 | 610 n.r.
maize
VE |Eraclea maize soybean 36 47 126 348 496 297 n.r
VE |Eraclea maize soybean 39 24 139 320 397 422 n.r
VE |Eraclea maize soybean 15 26 91 208 329 745 0
vE |Torre dmaize | maize |7 08 471 | 403 602 | nur. nr.
Mosto
VE |Ceggia soybean| maize 47 no 273 no 719 no n.r
TV |Cessalto maize maize 71 196 574 2335 n.r. 230 | r. n.
TV |Cessalto maize maize 691 234 1464 1520 n.r. n.r. |3
TV |Cessalto alfa-alfa 506 96 416 730 n.r. n.r. . nr
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The results obtained in the plots in Lombardy, Riedt and Veneto show high variability of
presence of the different sampled adult spechsgridtes brevis, Agriotes sordidus, Agriotes
litigiosus, Diabrotica virgiferd (Table 24).

Table 24 - Data from Wireworm and Western Corn Rootworm mamip in 8 stations where the 2010

evaluation of agronomic utility were carried out.

ADULTS

] Wireworm
Region Locality _ ((_:aptures: tptal/trap pe_r site) _ _ larvae
Agriotes | Agriotes Agriotes Agriotes Diabrotica captures
brevis | sordidus | litigiosus ustulatus virgifera p
Lombard Bergamo 189 0 131.5 N.D. 52 0
Y [Ostiglia (MN) N.D. | 131 632 N.D. 0 N.D.
Piedmont Vigone (TO) N.D. 453.5 454 N.D. 66.5 N.D.
Chivasso (TO) N.D. 395 1026 N.D. 211 N.D.
Mortegliano (UD) 0 1012.5 28.5 19 N.D. N.D.
Eriuli (Pljlllja)zzolo della Stell 0 904.5 175 332 N.D. N.D.
Codroipo (UD) 0 15 578 0 N.D. N.D.
Marciano della 0 0
Tuscany Chiana (AR) N.D 1 253.5 N.D.

N.D.: not determined

4.1.3 Strip-tests using seed coated with the diffeactive ingredients

Materials and methods
In some fields in Veneto the agronomic trials weagried out by sowing large (300-1200 mq)
parallel plots with the same commercial hybrid PE32 (PIONEER) coated in one of the
following ways:

1) Fungicides only: metalaxil+fludioxonil (Cel&3tat the dose of 100 ml/q of seed;

2) Cruiser: seed treated with fungicide as in 1) dsd with thiametoxam (Cruis®), at the dose
of 0.65 mg of a. i./seed,;
Regent: seed treated with fungicide as in 1) asd waith fipronil (Regert TS) at the dose of
0.50 mg of a. i./seed.
Gaucho: seed treated with fungicide as in 1) asd aith imidacloprid (Gauclf at the dose
of 1.0 mg of a. i./seed.
Poncho: seed treated with fungicide as in 1) asd wiith clothiadinin (Ponctf9 at the dose
of 1.25 mg of a. i./seed.

3)
4)

5)

The main characteristics of the different fields agported in Table 25. The experimental set up
consisted in 2-4 repetitions per site in 7 locaditi

The measured parameters were:

* plant density at emergence

* attack on seed — plantlets

* plant density at 4-8 leaves stage

* attack on 4-8 leaves stage

» other attacks (aphids, viruses, ....) on 4-8 leatage
* plant density at harvest

The results are summarised in Table 26. The diffge in plant densities among the experimental
groups were not statistically significant, althoubk proportion of attacked plants was significantl
higher in the control group.

47



The small differences in average crop yield were statistically significant. The average crop
production from insecticide-coated seed was 116/B&, from non-insecticide-coated seed (control
group) the average yield was 119.3 g/ha.
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Table 25 —Characteristics of the experimental fields usetth@2010 trials.

. , Previous Wireworm population Size of | Sowing Seed Harvest
Farm Municipality Prov Soil cro strip plot date densit date

: P larvae/trap larvae/trap P E d /n}’%

A. sordidus A. spp (m°) (seed/m)
Greggio Eraclea, Ponte Crepaldg VE sand-silt maize 0.50 0.00 297 18-ap 7.84 23-0c
Parcianello Eraclea, Coda di Gatto VE loam soybepn  0.05 0.00 364 21-ap 7.24 07- og
San Dona, Isiata Florian VE loam maize 0.05 9.9%\.ustulatus 951 17-apr 7.21 21- oct
Vallevecchia Caorle VE loam soybean 0.17 0.00 459 20-apr 7.25 20- g
. 0.83A.ustulatus
Zanazzo Cessalto TV clay maize 0.33 0.25A brevis 390 20-apr 6.87 14- oct
Diana Mogliano Veneto TV loam wheat 0.08 O.58A.ustu|a_tus 722 15-apr 7.28 11- oct
0.25A.brevis

Sasse Rami Ceregnano RO loam wheat 0.20 0.0\ litigiosus 1395 16-apr 7.13 15- oct

ct

Table 26- Effect of seed coating on maize crop. Mean vaft@s 7 fields. Dati medi di 7 campi. Means
not follone by a same letter are statistically gigant at p<0.05.

TREATMENT Plant denS|tyng1eaIthy plants/ Attacked plants vield
emergence 6-8 leaves plantsf emergence 6-8 leaves
Fungicide only 6.56a 6.70a 0.16b 2.33 119.3a
Fungicide + Cruiser 6.34a 6.67a 0.02a 0.29 117.44
Fungicide + Regent 6.46a 7.03a 0.05a 0.71] 119.4a
Fungicide + Gaucho 6.43a 6.69a 0.03a 0.45 119.5a
Fungicide + Poncho 6.46a 6.77a 0.04a 0.59 123.1a
F 4.95 (ANOVA) 0.16 1.73 7.07 0.26
P 0.9583 0.1498 0.0001 0.9047
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4.1.4 On-farm experiments with clothianidin

Materials and methods

During the 2010 maize-growing campaign, the Regiohd.ombardy, Piedmont and Veneto
(Veneto Agricoltura) planned a series of trialsfty with the Apenet Project, in order to assess th
extent to which final grain production is influewlcby a neonicotinoid insecticide applied to maize
seed.

Seed of the hybrid PR32G44 (considered represeatafithe maize germplasm currently used in
Italy), belonging to the same lot (size of graieayand place of production) was used; the seed was
divided in two parts: one (group A) was treatedhwtite fungicide CELEST and then with the
insecticide Poncho (a.i. Clothianidin) at the dog&.3 mg a.i. per seed, the other was treated only
with the fungicide CELEST.

Simple experimental designs were chosen to minirthiezesffect of environmental variability using
experimental strips or large plots placed “sidesiole”.

The study was conducted in 65 localities represestaf the whole Italian maize growing area,
articulated in different experimental networks:
37 localities coinciding with the “On Farm” variétaetwork, situated mainly in Lombardy,
but also in Piedmont and Veneto; the treatmentg Wweserted in large plots (800-12006)rtside
by side” within the overall field layout, withougplication®
In 9 localities experimental designs with randomi$docks were applied, still within the
“on farm” layout, with 2 to 6 replications. Thesedlities were chosen in Lombardy, in the area
between Cremona, Brescia, Bergamo e Lodi, wherereaWestern Corn Rootworm infestations
were noted. In these trials specific surveys oreffieacy of seed coating on corn root protection
from Diabrotica larvae attacks were carried but.
In 19 localities long row plots measuring 36 were inserted in the split-plot design with 4
replications of the national agronomic-varietahlj situated in Piedmont, Lombardy, Veneto,
Friuli, Emilia Romagna and Tuscany.

! The “On Farm” varietal network is made up from tgeoup of regional trials networks belonging to
the Regions:

- Lombardy, coordinated by the General Agriculture Directeatand ERSAF and run in
collaboration with the Provinces of Pavia, MilanBergamo, Brescia, Lodi and Cremona in the
framework of the project “Major Crops”;

- Piedmontcoordinated by the General Agriculture Directorated ERSAF and run in collaboration
with the Provinces;

- Venetq run by Veneto Agricoltura.

2Run in collaboration with theombardy Region

Results

The results of the two treatments object of stubly {reated with Poncho; NT= not treated with
Poncho) are reported in Table 27. Localities astedi according to decreasing productive
differences between the T and NT groups. Le coluamthe left of the table indicate the sites and
specify the exact location, the first column indésathe sub-network of the trial (OF= “on farm”
network; OF+=additional “on farm” network in areagh high Diabrotica infestation; AG=national
trials network).



Table 27- Trial localities and productive results from theated groups.
A list of the symbols of the Italian provinces damfound on the website:
http://www.tuttocamere.it/files/varie/Province Sigidf

_ Region Province| Locality Production of grainP_roduction Replicati
Trial 14% (q.l/ha) difference | ons
PR32G44
PR32G44 | | Poncho
1 Friuli uD Palazzolo della Stella 73.18 96.35 |23.17 4
2 Veneto PD Montagnana 139.98 162.68 | 22.7 4
3 Lombardy| CR Trigolo 130.55 | 153.19 |22.64 1
4 Piedmont | AL Castelceriolo 132.65 148.08 |15.43 4
5 | OF | Lombardy] MN Medole 144.10 159.38 | 15.28 1
6 |OF | Lombardy| CR Stagno lombardo 131.92 147.1515.23 1
7 | OF | Veneto VE Vallevecchia 103.90 118.90]15.00 1
%. Friul uD Mortegliano 13515 | 1491 [1395 |4
9 Lombardy | BS Castenedolo 112.50 125.75|13.25 4
10 | OF | Lombardy| LO Ossago Lodigiano 155.44 168.63 13.19 1
11 | OF | Lombardy| M Robecco 135.77 148.32|12.56 1
12 | OF | Lombardy] BS Cigole 135.54 147.33|11.80 1
13 [AG ] Lombardy | MN Ostiglia 114.65 | 12633 [1168 |4
14 | OF | Piedmont| CN Scarnafigi 104.07 115.73|11.66 1
15 | OF | Lombardy| CR Castelleone 96.40 107.68/11.28 1
16 | OF | Lombardy] BG Pagazzano 144.77 155.9011.14 1
17 Lombardy | Ml Caleppio di Settala 167.83 178.78|10.95 4
18 Lombardy| CR Luignano di Sesto €. 144.33 155.2]10.93 1
19 Lombardy| CR San Bassano 117.86 128.63 10.77 2
Terranova del
20 Lombardy| LO Passerini 124.29 134.62 |10.33 2
21 Lombardy| BS Orzinuovi 118.76 128.69 |9.93 1
22 Lombardy| CR Castelgabbiano 105.86 114.999.13 2
23 | OF | Veneto TN Mogliano Veneto 113.2 122.2 |9 1
24 | OF | Lombardy| BG Arcene 120.86 129.83|8.96 1
25 | OF | Lombardy| BS Travagliato 114.80 123.11]8.31 1
26 | OF | Veneto RO Ceregnano Sasse 121.50 129.8@.30 1
27 Veneto VI Noventa V. 133.65 141.48 |7.83 4
28 Lombardy| BS Cigole 108.96 116.6 |7.64 2
29 | OF | Lombardy| MI Cisliano 131.43 139.04 |7.61 1
30 | OF | Piedmont| TO Vische 109.56 117.16|7.60 1
31 Lombardy| CR Soncino 114.26 121.457.19 2
Emilia
32 Romagna | FE Ambrogio 133.73 140.28 |6.55 4
33 | OF | Lombardy| PV Bereguardo 108.60 114.93/6.33 1
34 | OF | Lombardy] CR Spinadesco 109.73 114.755.03 1
35 | OF | Piedmont| CN Cuneo 152.68 157.38]4.70 1
36 | OF | Lombardy] CR Castelleone 100.95 105.38 4.44 1
37 | OF | Veneto TV Parcianello 121.13 125.54 1 4.41 1
38 [AG | veneto | VI Lonigo 119.58 | 123.65 |4.07 4
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39 Lombardy | BG Bergamo 145.75 149.33 | 3.58 4
40 Lombardy| M| Albairate 137.92 | 141.31 |3.39 1
41 Veneto RO Villadose 140.98 143.75 | 2.77 4
42 | OF | Veneto TV Florian 116.44 119.15 |2.71 1
43 | OF | Piedmont| AL Alessandria 131.62 134.29| 2.67 1
44 | OF | Piedmont| CN Savigliano 162.22 164.88| 2.66 1
45 |OF+ | Lombardy| CR Trigolo 129.84 132.36 |2.52 2
46 | OF | Veneto TV Florian 119.18 1211 |1.92 1
47 | OF | Piedmont| CN Fossano 152.06 153.65 1.59 1
48 | OF | Lombardy| BS Carpenedolo 126.66 128.101.44 1
49 | OF | Piedmont| BI Cavaglia 133.05 134.27|1.22 1
50 | OF | Lombardy| Ml Cuggiono 125.34 126.20 | 0.86 1
51 Lombardy | CR Luignano di Sesto ¢.  107.93 108.65 0.72 4
52 Friuli uD Codroipo 153.28 152.98 |-0.3 4
53 Lombardy | LO S.Angelo Lodigiano| 124.80 124.20 | -0.60 4
54 |OF+ | Lombardy| BG Fontanella 127.03 126.16 |-0.87 6
55 |OF+ | Lombardy| CR Palazzo Pignano 128.52 127.3|-1.22 2
56 | OF | Piedmont| TO Villareggia 143.31 141.78 |-1.52 1
57 |OF+ | Lombardy| CR Ripalta Arpina 115.51 113.76 |-1.75 2
58 | OF | Lombardy| LO S.Angelo Lodigiang  143.16 140.41|-2.75 1
59 Piedmont | TO Vigone 157 153.65 |-3.35 4
Emilia
60 Rom. PR Parma 143.65 140.1 |-3.55 4
61 Piedmont | TO Chivasso 133.95 129.65|-4.30 4
62 | OF | Piedmont| CN Cherasco 149.58 144.86 -4.72 1
63 | OF | Lombardy] BS Comezzano 164.81 157.66 -7.15 1
64 | OF | Lombardy| BG Mapello 156.04 148.29 |-7.75 1
Marciano della
65 Tuscany | AR Chiana 140.73 130.53 |-10.2 4
media 129.15 135.11 135

The average yield of grain with 14% humidity ob&dnin the 65 trial locations, with 135 single
observations, of the Poncho treated group was 13§/fha while the average yield of the non
Poncho treated group was 129.15 g/ha, with an geeatdference of 5.96 g/ha.

Analyses of variance of the single observationsvaubstatistically significant effects (p<0,01) for
the factors locality and treatment, the latter watHow variability coefficient and a minimum
significant difference of 1.78 g/ha.

In Figure 13 the frequency distribution of the skes of yield difference are reported: in 7 locaditi
the productive advantage of the treatment weredhmitfinan 14 g/ha, in 19 localities higher than 8
g/ha, in another 19 localities the productive ga&s included between 2 and 8 g/ha. In 12 localities
no productive differences were observed, and fnial 8 localities the non treated group had a
higher yield than the treated group.

This last result is not easily interpretable andprebably due to “experimental error” (non
homogeneous soil, non accurate agronomic managest@ntather than due to specific negative
effects of the treatment, already described forngta, in the interference with germinability
characteristics and germination energy.
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Figure 13 - Frequency distribution of the yield difference eles. Translation of text within the figure:
Differenza di resa Yield differencen. localita= number of localities.

Figure 14 summarises the partitioning discussediiquely: 70% of the trial sites (reactive
locations) showed a positive reaction to use ofl sting, 18% (non reactive localities) showed
no reaction while in the remaining 12% negativégurestionable” reactions were registered.

Localita non
reattive

Localita con risposte
negative

Localita reattive

Figure 14 - Percentage of trial sites with positiveo€alita reattivg, absent l(ocalita non reattive or
negative [Localita con risposte negatiyeroductive reaction to seed coating with Ponaatifianidin).

Considering that i) the number and geographicitigion of the trial sites give the farms the statu
of representative samples of the Italian maize grgvarea and that ii) the coating technology is
specific for the protection of the plant from inteduring the first stages of the crop establishtiinen
we could suggest a more practical and likely regqddh the data from the trials: in the 2010
productive season the global pressure of harmBéddts was “appreciably” evident in 70% of the
surveyed sites; in these areas the use of Ponatedtseed allowed a productive gain (or to save a

guantity of grain) corresponding to 9.56 g/ha.
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4.1.5 Effects of seed coating on the entity of damhage caused by Western Corn Rootworm

In 9 localities of the previous trials, chosen m area of Lombardy between Cremona, Brescia,
Bergamo and Lodi, in which a strong pressure of tdfasCorn Rootworm was registered, the
effect of seed coating on the protection of ma@ats from the larvae was specifically studied. In
Table 28 the list of surveyed localities and theoagmic practices considered important for the
plant-insect interaction dynamics are reported.

Table 28 -Location of the trials and agronomic practicesvafe to insect activity.

STRIPS Sg\;\{{lgg ﬁﬁ;zt?;nlo Previous crop Treztg&ir;t on
2007 | 2008 2009 2009 2010
Trigolo (CR) 11/04/201Q9 12/06/2010 maipmaize | maize | YES| YES
Soncino (CR) 10/04/2010 07/06/2010 majreaize | maize | YES| YES
;nggr?r\xli?m) del13/04/2010| 10/06/2010 | maidenaize | maize | YES| NO

Ripalta Arpina (CR) 17/04/201p 05/06/2010 majmeaize | maize | YES| YES

Castelgabbiano (CR) 11/04/2010 11/06/2010 maimaize | maize | YES| YES
Comezzano-Cizzago

26/05/2010| 08/06/2010 maizenaize | maize | YES| YES

(BS)

San Bassano (CR) 16/04/2010 04/06/201D mpmaeize | maize | YES| YES
Palazzo Pignano (CR) 12/04/2010 12/06/2010 mpizaize | maize | NO NO
Fontanella (BG) 16/04/2010 11/06/2010 majpeaize | maize | NO NO

In this survey the same groups as in the othelstmeere considered: seed treated with Poncho
versus non-Poncho treated seed. ;sowing occurrdnwthe “on farm” layout, “side by side” in
large plots (800-1200 fhwith 2-6 replications.

Specific observations were carried out to estintaepresence of larvae on the roots and the entity
of root damage. In the month of June, with the {glan the vegetative growth stage, 3 plants for
each replication of each group were sampled, yigl@i total number of 114 plants. Larvae, mostly
belonging to ¥ and & stages, were extracted with the simple methotiefBerlese funnel”.

Plants belonging to the non treated group had ahrhigher number of larvae, compared to plants
belonging to the treated group (130 vs 24) in atlalities, with the exception of Ripalta Arpina
(Figure 15).

In July, when the larval stage is over and thedhkas reached the adult stage, root damage was
estimated. Five plants from each replication armdigrwere sampled, yielding a total of 220 plants.
Root damage was measured according to the Olesenmational classificatioNode-injury Scale,
Oleson, J.Econ. Entomol. 98(1): 1-8 20@big. 16). The observations revealed greater danoag

the non treated plants: the treated plants showsfif@reduction of root damage compared to non
treated plants.

When the two series of data were submitted to ssgva analysis, a strong association between use
of seed coating and root damage reduction, withesbf the determination coefficient &ose to

1 and regression coefficient b=0.5 (Figure 17).

54



25

piante trattate |
20 piante non Trattate 0
20 - 15 .
17 L8 17
od 15 18
® 15 14 -
o
i
° 10
v
£ s — 4
® o B 'm0 B B Ba Ba W
& \(_3"-\ S 2 & Q,(':»\ & \;3.-\ &
\o'a\ <° 5\“'\ ol S é\\"\ o~ <° oo\
& . S &
o2 < o & o & P o %’:;.'b
> So “& & o o~
& s . & &
« (o4

Figure 15 - Observed number of Western Corn Rootworm larvamaize plants originating from treated
and non treated seed. Translation of text withinfthure:n. larve 2°-3° et& number of 23" stage larvae;
piante trattate= treated plantspiante non trattate non treated plants.
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Figure 16 - Root damage (Node-injury Scale) observed in teatéd piante trattat¢ and non treated
(piante non trattategroups.
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Figure 17 - Regression line of root damage in treated (T) vstneated (NT). Translation of text within the
figure: Danno radicale= root damage.

Table 29 summarises the results of observation®noeed in this trial, as well as the number of
larvae present on the roots and damage classiiicagrain yield of the two groups are reported. In
our experimental conditions, with low levels of esfation, no correlation between final grain
production and root damage was highlighted in eigneup.

Table 29 —Relation between root damage caused by diabratidayeain yield of the crop.

Locality N. larvae Root damage Yield g/ha Difference]
in yield
NT [T NT T NT T
Ripalta Arpina 1,2 1 |5 1 115.51 113.76 -1.75
(CR)
Eéa%e'gabb'a”o 19 |3 1 0.75 105.86 114.99 9.13
Cigole (BS) 18 3 0.5 0.25 108.96 116.60 7.64
(TLeg)a”O"a deiPliz o 05 0.25 124.29 134.62 10.33
Soncino (CR) |14 |1 0.25 0.1 114.26 121.45 7.19
Fontanella (BG) [13 |0 0.25 0.1 127.03 126.16 -0.87
Trigolo (CR) 15 |1 0.1 0.05 129.84 132.36 2.52
Palazzo P. (CR)[13 |1 0.1 0.05 128.52 127.30 1.22
San Bassano (Cl4 0 0.1 0.05 117.86 128.63 10.77
Mean + SD 0.53 +0.620.29 +0.34119.13 + 8.73123.99 + 7.64

4.2 Study of persistence in plant tissue of the acé ingredients used in seed coating

Materials and methods

In order to study the persistence of active ingretdi of seed coating in maize plants at diferent
stages of development, 50 m long plots were saitithe CRA-MAC Experimental Farm during
the 2009 maize growing season. The plots were seitim material sent by the Associazione
Italiana Sementi-ASSOSEMENTI for the 2009 agronortrials, namely a commercial Maize
hybrid (PR31N27- FAO 700). Trials involved the foihg 5 treatments:
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Treatment Fungicide Insecticide active ingredient
1 - Testimone *Celest none

2 - Cruiser *Celest thiamethoxam

3 - Gaucho *Celest imidacloprid

4 - Poncho *Celest clothianidin

5 - Regent *Celest fipronil

* The fungicide Celest contains fludioxonil and adakyl.

For each of the five treatments under study, detextions were performed on organs of maize
plants at different phenologic stages, taken froenttial plots.

Evaluation of the persistence of the active inggetiof seed coating in different plant development
stages was carried out by adopting the HPLC/MS/Mhod, in accordance with Good Laboratory
Practices (B.P.L. Prot. CH-012-2010-Test LaboratofyChemService Prot. CH - 013/2010),
adapting the protocol of Bonmatat al 2003,Anal. Chem 75, 2027-2033.

Results
In Table 30 the dilution factor compared to initiedntent, brought to 1 (dilution unit) and
equivalent to 100% of a. i. contained in a singleds is reported for each coating a. i. at various
maize plant phenologic stages. The results inditdad¢ the four insecticidal active ingredients
studied showed a drastic reduction in levels deteat leaves, from the23 to the 7' -8" leaf
stage and then declined to to non detectable lémeds. not detected, lower than L.O.D. < 0,5.0,5
g/kg) by the stage of the 13- 14" leaf. More specifically, Fipronil showed a dragstciuction in
levels from the early plant development stag8%3? leaf), while the other 3 a. i. persisted, at this
stage, at higher concentrations.
Investigations on the persistence of a. i. used seed coating in pollen are underway, in
collaboration with colleagues of CRA-PAV (Resea@udntre for Plant Pathology).

Table 30 —Persistence of the active ingredients used in seating in maize plant tissue at different
phenological stages

Insecticide Coated seed %_3"9 |eaf 7 — 8" leaf 13" -14" |eaf
active ingredient Initial content* Dilution factor Dilution factor Dution factor
Thiamethoxam 1* 16500 79260 > 428000
Imidacloprid 1* 7150 155200 > 714000
Clothianidin 1* 5500 71900 > 892000
Fipronil 1* 94200 162700 > 358000

* |nitial content brought to 1 (dilution unit) aredjuivalent to 100% of a. i. contained in a singleds
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5. Effects of maize guttation on bees

Current knowledge on the factors that influeneegresence of neonicotinoids in maize guttation
is scanty. As neonicotinoid concentration in maja#dation may vary ten-fold without any apparent
explanation, careful assessment of the variousfat¢hat may interact synergically or contrastively
is required.

In the previous trials (2009), it was found thatvs@ on ordinary agricultural land rather than in
containers did noper seinduce differences in the composition of guttatftand. In 2010 studies
were undertaken to examine whether active ingrédiencentration in guttations of greenhouse- or
field-grown plants may be influenced by such fagtas: 1) different length of exposure of seed
and/or plantlets to different irrigation regime$;p2otection of plants against weather conditi@)s;
time of day at which sampling took place; 4) diffietr soil typology.

5.1 Neonicotinoids in guttation fluid of field-grown maize plants derived from seed coated
with thiamethoxam, clothianidin and imidacloprid

In April 2010, within an area forming part of tlk&culty of Agriculture of the University of
Padua, located in Legnaro (PD), eight 80 m-longsraw@re sown, using seed coated in 2009 for the
first 4 rows and seed from 2010 for the remainingws. For the trials pertaining to each of these
two years, the 3 neonicotinoid seed coatings wesayed, plus a further treatment using seed
coated with fungicide alone (Celest XL). Sowingdais followed the standard maize cropping
spacing (75 cm inter-row and 19 cm intra-row).

1. A first series of samplings was performed by caiter guttation fluid according to
three different procedures:

For each row, multiple collections of droplets afttgtion liquid were taken from
roughly 40 plants between 07.30 h. and 08.30 h.drbplets were stored in vials,
using separate multiple-droplet vials in each raw dach active ingredient and
each seed coating procedure.

For each row, except for the two containing Celesty, further multiple
collections were taken between 10.00 h. and 11.068f the same day, from
roughly 40 plants situated in a additional portmnthe field; the droplets were
likewise stored in vials, using separate multiptepdet vials in each row for each
active ingredient and each seed coating procedure.

For each row sown with seed coated in 2010, 4 plaot previously sampled were
identified, and from each of these plants 10 was collected from a single
guttation droplet and then placed in a separatgdae 30 April 2010, 08.00 h).

2. Additional samples were taken at various dates tht that of point 1.

3. Samples were taken from plants treated with claitia and imidacloprid, growing
in a part of the same respective row but protefrma adverse weather conditions by a sheet
of plexiglass placed at a height of 50 cm fromdhsund.

Plantlet emergence, on 2%pril, was regular and homogeneous. The firstesenf droplets
(Point 1 aboveﬁ% was sampled on the next day' @pril 2010). The samplings of point 2 were
performed on ¥, 14", 17" 18" and 2f' May at varying times of the day, due to considkerab
rainfall during the period in question; each samgphvas done on roughly 40 plants for all types of
seed coating except for those containing Celestildhe. The samplings of point 3 were performed
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on 6" and 14 May, on plants grown from seed coated in 2010 witly clothianidin or with only

imidacloprid.

Analyses of guttation samples collected at difietenes on the specified day, and analyzed at the
Department of Chemistry of the University of Padaae shown in Tables 31 and 32, and
represented graphically in Figures 18 and 19.

Table 31- Concentrations of different active ingredientseaaflguttation fluid collected from roughly 40
plants on 36 April 2010.

Time of Thiamethoxam | Thiamethoxam Clothianidin Clothianidin Imidacloprid Imidacloprid

sampling 2009 (mg/L) 2010 (mg/L) 2009 (mg/L) | 2010 (mg/L) | 2009 (mg/L) 2010 (mg/L)
8:00 79.1 117.3 319 447 105.7 179.8
11:00 201.3 227.3 46.3 19.2 221.7 76.9

Table 32 - Concentrations of active ingredients detted in samples by
collecting one drop on 30/04/10, at 08:00 h, from different plants

grown from 2010 coated seed.

Active ingredient (mg/L)
Plant Thiamethoxam* Clothianidin Imidacloprid
1 206.6 267.6 nr*
2 145.1 150.7 185.280
3 158.9 156.4 225.480
4 214.3 82.9 nr**

*Presence of Clothianidin in concentrations varyimgtween 10
and 16 mg/L was detected in samples containingmidtiaoxam
**Not detected.
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Figure 18 - Variation in concentration of the active ingredgéerunder study
between 08.00 h and 11.00 h.
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Figure 19 - Distribution of active ingredient concentrations guttation droplet

sampled from individual plants.

The results on “multiple” guttations collected & @ h (Table 31) showed that persistence of the
active ingredient used in the seed coating prosesssimilar in the two years. Imidacloprid was
dispersed through the plants via the lymph flow a&ogreater extent than occurred with
thiamethoxam, and the latter in turn had a broatistribution pattern than clothianidin. This
finding is basically in line with the water solubyl of these active ingredients (clothianidin isn@o

hydrophobic), given that the lymph is a fundamdntahatery medium.

With regard to guttations collected at 11.00 masmtration and the distribution pattern of the
active ingredient used in the seed coating prodessot differ between 2009 and 2010, with the
exception of thiamethoxam, for which a twofold gezaconcentration was detected at 11.00 h than
at 08.00 h in 2010. The other two active ingredienthibited an opposite trend: thus concentration
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at 11.00 h compared to 08.00 h dropped by rougb®g for plants grown from 2010 coated seed,
whereas it rose, to an extent ranging between 3@#tey and 100% greater.for 2009 seed coating.
Since no substantial physical difference can bedbetween the two seed coating processes, it is
difficult at this time to provide a satisfactorypanation for these results. The expected trend,
namely an increase in concentration due to evaparaf the watery component with increasing
solar radiation from 08.00 h to 11.00, was obsemeg in guttations of plants grown from 2009
coated seed.

Analyses of individual droplets (Table 32) gavedhear-cut conclusions, as the results were highly
variable from plant to plant. Furthermore, partiily in the case of clothianidin, the results on
individual droplets were in strong contrast witle fimdings for “multiple” guttations. It cannot be
ruled out that this variability may have been causienply by the drop falling prior to sampling, in
which case the question of evaporation does neé ai all. However, devising a procedure to test
this hypothesis is likely to be very challenging.

The values of guttation samples collected in tbklfon different dates are shown in Table 33.
The results indicate that immediately after emetgethe values were elevated; subsequently,
probably on account of the heavy and frequent alinfwhich for a week made sampling
impossible), active ingredient concentration exitbia decreasing trend as the days went by.

Finally, Table 34 shows the clothianidin and ingid@rid concentrations detected in plants
maintained beneath the plexiglass cover in comparte concentrations in analogous but field-
grown plants (from seed coated with the same actigeedients). A greater presence of active
ingredient was noted in the plants that were ptete@gainst rain. This was probably not only
because the active ingredient had been subjectedesser degree of leaching, but also because the

different microclimate under the plexiglass redlili@ stronger concentration of the guttation
droplets.

Table 33 -Variation over time in concentration of activetiedients in guttation droplets

Day Thiamethoxam | Thiamethoxam| Clothianidin | Clothianidin | Imidacloprid | Imidacloprid
2009 (mg/L) 2010 (mg/L) 2009 (mg/L) | 2010 (mg/L | 2009 (mg/L | 2010 (mg/L)

30 April 140.2 172.3 39.1 31.9 163.7 128.4
7 May 1.3 2.4 1.3 1.0 2.2 1.0
14 May 0.3 0.4 2.4 1.0 0.8 0.8
17 May 0.1 0.2 0.8 1.1 0.4 0.5
18 May 0.2 0.3 1.2 0.8 0.6 0.4
21 May 0.1 0.1 0.7 0.6 0.4 0.2

Table 34 - Concentration of two different active ingredientsdar varying environmental

conditions
Situation where
Day plants were Clothianidin 2010 (mg/L) | Imidacloprid 2010 (mg/L)
grown
14 May Open field 1.021 0.825
14 May Under cover 2.376 1.172

5.2 Insecticide concentration in guttation dropletsderived from plants sown and grown in a
tunnel under different water regimes.
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In order to assess the effect of different wateilability on active ingredient concentration in
guttations, maize was sown in a tunnel (to prgbéemts from rain), on agricultural soil. The tunnel
was divided into 8 plots (4,5.4,5 x 4 m); each plets sown with maize seed that had undergone
seed coating with one of the 3 neonicotinoids johnil. Different quantities of water were applied:
50 litres/22.5 m2 (dry), 1.100 litres/22,5.2,5 rdarfip) and 2.500 litres/22,5.2,5 m2 (wet). Water
was sprinkled on the plots during the three datex abwing, up to the above indicated volumes of
water. Sowing spacing was as follows: on the laftéhside of the tunnel, 60 x 20 cm; on the right-
hand-side of the tunnel 30 x 20 cm. These contrgstistances were chosen in order to determine
whether the different density of the emerged p&stgave a different insecticide concentration in
guttations.

Guttation samples were collected from the daymémgence up to the twenty-seventh day after
plantlet emergence. The analyses, performed aDépartment of Chemistry of the University of
Padua, were conducted first of all on samples dwyifrom plants sown at the 60 cm interrow
spacing, examining the results obtained with threghrrigation regimes for each of the 4 active
ingredients and for each sampling day. Subsequeah#ycorresponding samples deriving from the
30 cm interrow spacing were analyzed accordingecsame procedures.

For the majority of the series of samples, greabericentration of active ingredient was observed
in guttation droplets collected on the eleventh ahdteenth day after emergence. These
concentrations were considerably higher than ptesho observed in container-sown plant
guttations. Furthermore, an interesting finding Wed guttations from plants in the 30 cm interrow
spacing almost always showed lower concentrati@kgpeompared to plants in the 60 cm interrow
spacing. Details of the results are shown in T8bland Figure 20.
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Table 35 -Neonicotinoid concentration in guttation dropletsn plants subjected to different water regimes.
Translation of text within the figur&agnato= Wet;Umido= Damp;Secco= Dry.

Guttazione mg/L

Imidacloprid Clothianidin Thiamethoxam Fipronil
30 cm 60 cm 30cm 60cm 30cm 60 cm 30cm 60cm

Bagnato 02/11/09 66.74 61.9 31.37 36.78 42.97 38.076 0 0
Umido 02/11/09 80.40 66.8 4443 35.04 97.44 71.967 0 0
Bagnato 04/11/09 196.52 78.3 i1l 7a2 68.59 47.17 0 0
Umido 04/11/09 199.1 130.5 55.72 45.62 190.41 68.03 0 0
Secco  04/11/09 1911 97.1 50.37 75.56 219.88  520.59 0 0
Bagnato 08-10/11 716.73  412.77 60.3 2615 67.5 155.0 0 0
Umido 08-10/11 70.91 828.0 68.2 3104 1281 253.0 0 0
Secco  08-10/11 54.65 340.1 422 1852 56.6  1153.5 0 0
Bagnato 23-24/11 109.2 213.2 457 1409 14.1 141.7 0 0
Umido 23-24/11 46.5 214.1 28.4 69.1 86.1 26.9 0 0
Secco  23-24/11 57.2 76.1 24.5 11.6 33.9 68.1 0 0

These findings confirm that the water regime affqaroduction and insecticide concentration of
guttations. In a dry regimen, the appearance dagans is delayed. With greater rainfall a dilgtin
effect is observed, whereby the active ingrediemartially washed out. This effect is more marked
for thiamethoxam, which is the most water solublempound among those considered.
Accordingly, thiamethoxam was found to be the numsicentrated active ingredient in the plants
grown in a dry water regime. Thus in a damp/wetmeg the active ingredient concentration
appears to be in line with the polarity of the campd. These concentrations, on the basis of acute
toxicity data (Girolamet al. 2009) are in any case always lethal for bees.
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Figure 20 - Pattern of concentrations from th&tth 27" day after emergence.
Ordinates: mg/L active ingredient.; Abscissae: d&yesr emergence.

Light blue: interrow sowing 60 cm; Red: interrovwsiog 30 cm.

Translation of text within the figur&agnato= Wet;Umido= Damp;Secco= Dry.

5.3 Insecticide concentration in guttation dropletsderiving from plants sown and grown on
soils having different texture

In order to study the presence of neonicotinoidsmaize plantlet guttation droplets and the
variations in concentration with varying soil typése following experiment was set up. For each of
the three different plots utilized, each of whichdhspecific soil characteristics, 4 rows of maize
seed coated with Celest (row 1, as control), Cebesl Clothianidin (row 2), Celest and
Imidacloprid (row 3) and Celest and Thiamethoxaow(4) were sown.

Soil characteristics in the three plots were #sVics:
a) Sandy soil rich in skeleton and strongly drainitfg€ld S”);
b) Medium loam soil (“Field M”);
C) Clayey soil rich in organic matter with poor dragea(“Field N”);

Sowing was carried out on 30/04/2010 for “Fielde®id “Field M” and on 21/05/2010 for “Field
N”. Complete maize plantlet emergence was recoatied 11 days (11/05/2010) for fields “S” and
“M” and after 8 days (29/05/2010) for “Field N”.

Guttation droplet sampling was carried out on nmtben one plant in each row, as shown in Table
36.
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The results of the analyses are given in Tablear®8637 and in Figures 21, 22 and 23, divided by
soil typology, and in Figures 24, 25 and 26, dididy active ingredient.

Table 36 -Neonicotinoid concentrations in leaf guttationglaints grown in three different soil typologies.

Neonicotinoid (mg/L)
Field Date Row 2 Row 3 Row 4
Clothianidin Imidacloprid |Clothianidin  Thiamethoxam | Clothianidin
19 May 143.964 242.070 2.400 53.428 14.278
21 May 40.41¢ 16.731 a 15.822 4.277
24 May 13.593 6.527 a 1.048 0.307
S 26 May 8.073 1.775 2 0.606 0.150
31 May 0.725 0.093 2 0.020 0.012
1 May 0.509 0.137 2 0.015 0.007
7 May 0.644 0.227 2 2 0.025
26 May 2.503 1.826 -8 - P
26 May b b b b b
31 May 0.367 0.179 2 0.035 0.018
M 1 June 0.532 0.238 2 0.089 0.034
1 June & P P -2 -2
4 June 0.533 0.116 2 2 0.040
7 June 0.367 0.128 2 2 0.033
7 June 20.818 2.970 2 5.434 0.909
N 11 June 2.899 0.613 2 1.016 0.408
12 June 5.218 0.970 2 0.531 0.258
17 June 0.131 0.048 2 0.022 0.021

2 Concentrations lower than detectability limiSBampling not performed.

Table 37 -Neonicotinoid concentrations present in leaf digtadroplets of plants grown in three different
soil typologies, as measured at varying times aftenplete plantlet emergence from soil.

Days after Row 2 (Clothianidin) Row 3 (Imidacloprid) Row 4 (Thiamethoxam)
plantlet Concentration (mg/L) Concentration (mg/L) Concentraion (mg/L)
emergence | Field S | Field M | Field N | FieldS | Field M | Field N | Fiéd S | Field M | Field N
8 143.964 242.070 53.428
9 20.813 2.970 5.434
10 40.418 16.731 15.822
13 13.593 2.899 6.527 0.613 1.048 1.016
14 5.213 0.970 0.531
15 8.073 2.503 1.775 1.826 0.606
19 0.131 0.048 0.022
20 0.725 0.367 0.093 0.179 0.020 0.035
21 0.509 0.532 0.137 0.238 0.015 0.089
24 0.533 0.116 <LOD
27 0.644 0.367 0.227 0.128 <LOD| <LOD
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Figure 21 - Concentration of Clothianidin, Imidacloprid and @iethoxam in leaf guttation

droplets collected from “Field S” maize plants. Agkation of text within the figureGiorno di

campionamente Sampling date.

Concentration of neonicotinoids in field M

2.0 A
:_I 15 & u Clothianidin
an
.E- B Imidadoprid
o
§ 1.0 1 _
‘n m Thiamethoxam
m
T 05 -
£
o
o L‘l l l—/

0.0

26-May 28-May 30-May 1-lun 3-Jun S-Jun 7-lun
Giorno di campionamento

Figure 22 - Concentration of Clothianidin, Imidacloprid and @hiethoxam in leaf guttation
droplets collected from “Field M” maize plants. Mgdation of text within the figureGiorno di
campionamente Sampling date.
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Figure 23 - Concentration of Clothianidin, Imidacloprid and @hiethoxam in leaf guttation
droplets collected from “Field N” maize plants. fistation of text within the figureGiorno di
campionamente Sampling date.
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Figure 24 - Comparison between concentrations of Clothianiditeaf guttation droplets of
plantlets grown in three different soil types, asasured at varying times after complete
plantlet emergence from soil. Translation of texithiu the figure: Giorni di distanza
dall’emergenza delle plantue Days after plantlet emergenc&ampo= Field.
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Figura 25 - Comparison between concentrations of Imidaclopriteaf guttation droplets of
plantlets grown in three different soil types, asasured at varying times after complete
plantlet emergence from soil. Translation of texithuw the figure: Giorni di distanza
dall’emergenza delle plantue Days after plantlet emergencampo= Field.
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Figure 26 - Comparison between concentrations of Thiamethokarteaf guttation droplets of
plantlets grown in three different soil types, asasured at varying times after complete plantlet
emergence from soil. Translation of text within figure: Giorni di distanza dall’emergenza delle
plantue= Days after plantlet emergenceampo= Field.

The results show that in all three soil types, dapecline in concentration of the three active
ingredients was observed with increasing numbetagk after sowing. The overall trend observed
for all three trial fields showed greater concetntra of Clothianidin compared to the other two
active ingredients (except for the first findingoeded for “Field S”), followed by Imidaclopriand
Thiamethoxam for Fields “S” and “M” respectivelyufthermore, in the case of the clayey field
(Field “N™), and in contrast to the other two cgs€siamethoxam concentrations were found to be
on average higher compared to Imidacloprid. Assgnsimilar meteorological conditions among
sowings performed at different times, it can beedothat for samplings conducted at the same
number of days after plantlet emergence, guttation&-ield S” consistently presented higher
concentrations of the three active ingredient caegbéo the other “Fields’A genuine comparison
with the medium loam soil (“Field M”) cannot be dad out as samplings were performed at an

excessively long time lapse after sowing (on actaeinthe delay in sowing due to adverse
meteorological conditions).
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5.4. Evaluation of bee foraging activity on guttatns

In April and May 2010 assessments of bee foragmgnaize guttations were conducted in fields
near the apiary of the Experimental Centre of tigeidultural Faculty of the University of Bologna
in Cadriano (BO). Observations were carried ouh@ltvansepts in the early morning hours on three
separate maize plots.

1. field measuring roughly 1,3007situated at about 50 m from the apiaries;
2. field measuring roughly 6,0007situated at about 300 m from the apiaries
3. field measuring roughly 1,5007adjacent to the apiaries.

The transepts were effected along the rows, obggthe 4 adjacent rows. In the first and third
plot, 5 transepts were made within the field, andhe second plot, 8 transepts. For each plot,
observations along the access paths borderingeofietlds were also carried out. The observations
were performed from appearance of the first resfl U to appearance of th8 af.

The results are shown here below.

22 April: flying activity regular; guttations prese No bees recorded along the
transepts.

26 April: flying activity scanty and guttations gent. Swarm affecting 1 or 2 hives.
No bees recorded along the transepts.

30 April: flying activity regular; guttations prese 1 bee recorded in th&%2ransept
(about 08.30 h) in field 1, but no guttation drapleoraged .

3 May: flying activity regular; guttations presertio bees recorded along the
transepts.

7 May: flying activity almost absent; guttationsepent. Transepts could not be
effected due to sudden rainfall.

11 May: rainfall.

14 May: rainfall.

18 May: flying activity regular; guttations preseBetween fields 1 and 3 a bee was
seen drinking in a puddle on the road.

21 May: flying activity regular; guttations abséstinny with slight breeze).

27 May: flying activity regular; guttations preseniNo bees recorded along the
transepts.

1 June: flying activity regular; guttations abséninny with slight breeze).
The field data recorded during this spring seasmfirmed the findings of 2009, namely that bee

foraging on maize guttation droplets in the envin@mtal conditions of our latitude (Bologna) is nil
or negligible.
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6. Lethal and sublethal effects induced in bees lifie active ingredients used in seed coating
6.1 Effects of clothianidin-coated maize seed dush bees: laboratory mortality evaluation

A laboratory test was conducted to evaluate tfextf of acute toxicity caused by indirect contact
with clothianidin (trade name: Poncho®)-coated raizst emitted by the seeder during sowing
operations. A comparison with the same active idigre sold in liquid formulation (trade name:
Dantop®) was made. The test involved allowing teesalk for 3 h on a substrate (organic apple
leaves) treated with the active ingredient to saged; the substrate was placed inside plasticscage
(13 cm x 66 cm x 11 cm height) on the bottom o e. 10 foraging bees were introduced into
each cage. The substrate was then removed afted“tlreur. Each cage was equipped with a
dispenser containing water and sugar for the bees.

Prior agreements had specified that the clothianggiantities to be used in the present study
should be those obtained in experiments condugtedRA-ING of Monterotondo (Rome) during
the 2010 spring trials of the Rome unit, which wieréocus on detecting active ingredient drift at 5
m from the edge of the field. However, meteorolagaonditions of the spring of 2010 were highly
adverse (constant rainfall in the months of ApriiaVay), as documented in a letter sent by the
coordinator dated 8/6/2010 nr. Prot. 1474 to themetent authorities of Mipaaf, in addition, a
breakdown affected the analytical tool forming paftthe equipment of CRA-PAV of Rome
(HPLC-MS-MS). Therefore the decision was made tgirbéhe laboratory tests using a quantity
amounting to 5.12 pg/fm estimated on the basis of previous field tridlse subsequent trials in
Monterotondo recorded a quantity of active ingretlief 6.25 pg/m at the distance of 5m. These
data should be taken into account in the overadlluation of the trials, although the effects
highlighted in the trials described here below doahly have been of equal or greater intensity
since the dose utilized here was lower than thiaiadlg obtained.

The clothianidin-containing dust, obtained from izeaseed supplied by Assosementi, was
prepared with a precision 45 pum mesh sieve and #matyzed. Active ingredient content was
found to constitute 81% of the dust. To allow hoergpus dispersal of dust on the cage substrate
(with an area of 57.2 cfhin proportion to the quantity of active ingredieteposited at 5 m (x 1:
0.029 ug of active ingredient/substrate), it provegessary to mix the dust (0.036 pg/substrate)
with an inert material (talc) through geometricutibns, starting from a dose that was 1000 times
more concentrated. For the liquid treatment (Dantepch substrate was sprinkled with 200 pl of
solution, while in the dust treatment (Poncho)ldses were sprinkled with 0.01 g of clothianidin-
containing dust mixed with talc. For each treatm#r 4 doses utilized for the dilutions (x 1, x 10
x 100, x 1000) as well as the negative control, elgrtalc for Poncho and water for Dantop, were
assayed. Each dose involved 5 repetitions (5 cagbslO bees each). During the trials, the cages
containing the bees were maintained for 3 days darkened cell at 25°C + 1 and with 70-80%
R.H.

Mortality counts were taken every 3 hours up ® 18" hour of the first day, then at the"2Hour
and subsequently every 24 hours up to theldy (3, 6, 9, 12, 24, 48, 72 hours). Figure 2sh
mortality corrected with the Schneider-Orelli forauat the different hours, with the active
ingredient dose of Poncho and Dantop recordeddatance of 5 m during sowing operations (x 1).
Up to the 2# hour, mortality induced by the two products wasyveimilar, with both products
proving to be “slightly toxic”. During the subseauédnours the number of dead bees increased more
substantially in the Poncho dust treatments, upntoderately toxic” at 48 hours and “notably
toxic” at 72 hours.

When a comparison of the glvalues was made (in pg of active ingredient /cae)8 hours,
calculated with the mortality data of the four centations, the results showed greater toxicity of
Dantop as compared to Poncho, with 0.149 for Dafiopts: 0.044-0.372) and 1.872 for Poncho
(limits: 0.417-5.165).
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Figure 27 - Corrected mortality at the concentration of 0.02@substrate (x 1) of Poncho® (powder) and of
Dantop® (liquid), measured at the various time firTranslation of text within the figurenortalita
corretta= corrected mortalityQre = hours.

6.2 Effects induced in bees by dust from maize seedated with clothianidin, thiamethoxam,
imidacloprid and fipronil: laboratory evaluation of mortality due to indirect contact

Experiments were carried out with the same proesdas described in 6.1, with the exception of
repetitions and doses assayed. In the present3ri@petitions were carried out instead of 5. The
active ingredient quantities were assayed for #Hreous active ingredients at a distance of 5 m (x1)
from the seeded field, as previously describedotont 6.1, (clothianidin in the genuinely detected
quantity of 6.25 pg/A) (Table 38), but in the present trial the dose, x1L00 and x1000 were also
assayed.

Table 38 - Quantity of active ingredient present in dusiftilg to 5 meters (x1) and assayed in the
laboratory

Active Q.ty of act.iingr. | % of act.| Q.ty of acting./| Q.ty of dust/cage in
ingredient drifting to 5 m |ingr.  after | cage in ug Vo]

(ng/m°) sieving
clothianidin 6.25 81.00 0.036 0.044
imidacloprid | 3.66 60.10 0.0209 0.035
thiamethoxam 2.77 46.30 0.0158 0.034
fipronil 0.28 47.00 0.0016 0.0034

The data available so far, given in Figs. 28,3&@and 31, show a pattern of mortality (corrected
with the Schneider-Orelli formula) correlated withe doses assayed, for all active ingredients
under study. The only abnormal finding concerneal highest dose of fipronil (FIP x 1000), in
which mortality up to the %hour was not as high as mortality at the lowereddsut then rose
drastically at the 48and 72% hour, reaching the highest mortality percentagallofloses (Figure
31). Clothianidin, at the dose of 6.25 pg/maused mortality above 20% even in the first few
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hours; in the following hours mortality exceeded%30reaching 40% by the T2hour. It is
interesting to compare these findings for Clothdamiwith the previous Clothianidin trial, in which
the dose of 5.12 pgfwas used: at the latter dose, mortality was 5%hénearly hours, and then
rose to 10% and remained at this percentage upet@4" hour; subsequently, mortality increased
to 30% at the 48hour and to over 50% by the"#our.
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Figure 28 -Corrected mortalitypercentage of bees poisoned with clothianidin. Slegion of text within the
figure: mortalita corretta= corrected mortalityDra = hour.
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Figure 29 - Corrected mortalitypercentage of bees poisoned with imidacloprid. 3letion of text within
the figure:mortalita corretta= corrected mortalityQra = hour.
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Figure 30 - Corrected mortalitypercentage of bees poisoned with thiamethoxam.slaton of text within
the figure:mortalita corretta= corrected mortalityDra = hour.
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Figure 31 - Corrected mortalitypercentage of bees poisoned with fipronil. Tranmhabf text within the
figure: mortalita corretta= corrected mortalityQra = hour.

The data obtained at the different hours for theeddl were classified according to the five toyicit
classes generally adopted for this type of tridkeon toxic” (<1%), “slightly toxic” (1-25%),

“moderately toxic” (26-50%), “notably toxic” (51-%b), “highly toxic” (76-100%). The results
showed that all the products (except for imidadkbpn the first hour) constantly maintained a
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certain toxicity. Clothianidin was found to be thmst toxic active ingredient (also on account of

the greater quantity of product deposited at 5 ree{d@able 39).

Table 39 -Bee toxicity of the different active ingredientsrasasured by dust drift at 5 m (x1) from the edge

of the seeded field.

;Ar\lcgt;\é?jient 6™ hour 12" hour 24" hour 48" hour 72 ora
clothianidin Moderately toxic Moderatelytoxic |  Moderately toxic Moderatelytoxic | Moderately toxic
imidacloprid Non toxic Non toxic Slightly toxic Slightly toxic | Slightly toxic
thiamethoxam | Slightly toxic Slightly toxic Slightly toxic Non tdc (*) Slightly toxic
fipronil Slightly toxic Slightly toxic Slightly toxic Slighy toxic Slightly toxic

*In the calculation of corrected mortality the nuenlof dead bees of the control treatment was hitjfger in
the active ingredient treatments.

As compared to the 2009 trials (in which the plmisasured 0.16 ha) conducted by CRA-ING in
Monterotondo, in the 2010 trials the increase wisg area up to 3 ha and the increase in sowing
time led to a rise in the quantity of dust drifu particular, an increase in dust deposited after
sowing with the unmodified seeder was observed Glepter 2). If the quantities were really 10
times higher, then clothianidin at the™4Bour would shift from the moderately toxic categtw
notably and highly toxic. But if the dust depositegre 100 times greater than the quantities
measured, then the situation would undergo a radhange. From the 2hour onwards (and
clothianidin from as early as thé®3our), almost all the products would shift to heghoxicity
classes. Therefore, in our view, a better overaluation of the data can be obtained by taking int
account two important aspects: firstly, the facthe greater plot sizes in the 2010 trials compared
to the 2009 trials, given that an increase in sgedea can influence the level of contamination of
the surrounding areas (as also pointed out in @n&pbf this report); secondly, the fact that the
trial lasted for an overall total of only one haurd three quarters, whereas normally in the maize-
growing area of Italy (contained within the regiamfd.ombardy, Piedmont, Veneto, Friuli Venezia
Giulia and Emilia Romagna), all farmers tend torgasut sowing operations during the same
period, working from dawn to dusk in order to avaahfall.

6.3 Effect induced in bees by dust from clothianidi-coated maize seeds: evaluation of
mortality and other semifield parameters

The effect of the clothianidin quantity contairiadhe dust deposited at 5 meters from the edge of
the maize field during the seeding experimentaliedrout at CRA-ING of Monterotondo (Rome)
(see point 6.1 for an estimate of the value) waduasted in small coloniesnukes) of bees placed
within tunnels and foraging on rapeseed. The dulsted, mixed with talc, was prepared as in the
laboratory trial (point 6.1). At the end of May Z0)kix experimental tunnels were set up (3 for the
controls and 3 for the active ingredient treatmgntsy a field sown with rapeseed at the
Experimental Farm of Cadriano (BO). The tunnelsasueing 43 rheach, were covered with anti-
aphid netting. The tunnels of the two differentssaf treatments were arranged in random order.
On 3f' May, when the rapeseed crop had reached rougifly fivering, bees were introduced
into the tunnels, using one small colony of beegyenel. Each tunnel was then placed on 3 frames
(two brood frames and one containing roughly 20-2B8tiey supply),. Each tunnel was also
equipped with a cage for collecting dead beesh@f‘tinderbasket” type) , positioned in front of the
small colony. The trial was performed accordindg=PO guidelines, and the following data were
gathered both before and after the treatment:

1. Daily mortality (number of foraging bees presenthivi the underbasket);
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2. Strength of the colony: development of the coloagult bees, brood) evaluated by
the sixths method (Liebefeld method);

3. Flight activity: number of bees exiting from thev&iin 30,

4. Foraging activity: number of bees present on regéflewers, as evaluated on three
0.25 nf plots homogeneously distributed within each tunBek counts were made with the

instantaneous method. Although bee ethology wasnadibund to be impaired under the

tunnel, foraging activity was evaluated not onlyténms of the number of bees present on
flowers, but also from the qualitative point of wieby recording behaviour that could signal

abnormalities: for example bees immobile on leawedlowers, bees cleaning their legs

and/or antennae, or bees that appeared to be (faktdd and Mamet, 2009);

5. Observations in front of the hive: presence of gdera with pollen, and any signs of
abnormal behaviour.
6. Analysis of residues on dead bees collected intiterbaskets and on the vegetation

treated with clothianidin-containing dust, samphesng collected on various days after
treatment (-4, 0 (+1h), +1, +3, +7).

7. Acquisition of data on the sociophysiological sgabf the bee family, by recording
temperature inside the small colony within the lor@mne (with iButton DS1923 sensor)
and the degree of construction of a honeycomb oenapty frame (without wax sheet), the
frame having been inserted into each small clolmmyhe day of treatment.

Evaluation of behaviour in front of the hive, fig activity and foraging was carried out on days -
3,-1,0,1, 2, 3,5 and 7 in relation to treatnmaay. Observations were performed every two hours
during the central part of the day (10.00 h. - @2h0-14.00 h. -16.00 h.) with the exception of day
3, on which only data from the afternoon were a@gliDead bees were collected on the morning
of observation days. Strength of the colony waduatad prior to treatment (day -4) and 7 and 15
days after treatment . The temperature and humisi#iysor was introduced during the first
temperature check inside the hives (day -4) and dh& were downloaded after the third
temperature check (day +15). Construction of theelgoomb on the empty frame was evaluated on
day +7 and day +15.

The treatment was performed with a mechanical gyider (Cifarelli series M3. two-stroke 77
engine; engine power: 3.6 kw; dust emission: Okgémin; air speed: 125 m/sec; air volume: 20
ms3/min) on 7 June at 12.30 h, sprinkling 200 kg of contat@d dust containing 204.77 ug of
active ingredient mixed with talc over rapeseedsan full flower, in every tunnel involved in the
trial. Pure talc was applied in the tunnels formpayt of the control treatment. The anti-aphid
netting cover in the tunnels was removed ofi d6ne (8 days after application of the treatmenmt) i
order to allow the bees to forage freely in the aenmg zones of the rapeseed plot and in the
surrounding fields.

Daily comparison between mortality in the treatgbups versus control mortality (data
normalized by calculation in relation to pre-treatrh daily mortality) showed statistically
significant differences in the two days followingeatment. In the treated bees, mortality was
greater on days +1 and +2, but then tended tolig&ald control levels on subsequent days (Figure
32). Applying the index proposed by Schmi8ckmidt H.-W., Brasse D., Kinast C., Muhlen W.,
von der Ohe W., Tornier I., Wallner K. (2003). bduction of indices for the evaluation of tent
tests and field tests with honeybees. Bulletimsédtology, 56(1): 111-1)80 compare the effects
of pesticides in field and semifield tests, it wasnd that mortality in the treatment group was
roughly ten-fold higher than in control bees. Timdex is the result of the ratio between mortality
in the treated group vs mortality in the controbgp, normalised with pre-treatment mortality of
each hive (Table 40).

Despite the peak of mortality in tunnels treatathwlothianidin-containing dust, no significant
differences emerged with regard to strength of théony, either in bees or in the brood.
Statistically significant differences emerged widgard to days both in the clothianidin treatment
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and the control treatment: thus the sixths of kees of the brood both increased fron"1iine
(+7) to 229 June (+15), after removal of the netting that cedethe tunnel. The day-treatment
interaction proved to be non significant (Table Bigure 33).

=
o

—e— Testimone
—O— Trattato

8/6 (+1) 9/6 (+2) 10/6 (+3) 12/6 (+5) 14/6 (+7)
Data

Figure 32 - Ratio of daily mortality on the different poseatment days to mean mortality on pre-treatment
days.The dotted line indicates when post-treatment ntigria equal to pre-treatment mortality (ratio ¥ 1

* = Statistically significant differences in the kiaWhitney U test (p<0,05) between the treated jgrand
controls. Translation of text within the figuremortalita giornaliera (post-trattamento/pre-trattanto) =
daily mortality (post-treatment/pre-treatmeridgta = date;Testimone= control; Trattato= treated.

Mortalita giornaliera (post-trattamento/pre-trattamento)

Table 40 - Index defined by the ratio of mean mortality norizedl with treated tunnel pre-treatment
mortality to control mortality (from Schmidt al. 2003).

Pre-treatment Post-treatment Mean post-
Hives Treatment daily mortality daily mortality treatment /pre-
(3 days) (5 days) treatment index
1 Control 9.00 4.80
3 Control 3.33 1.80 0.93
5 Control 2.67 4.60
2 Control 0.33 7.80
4 Control 6.67 6.40 9.67
6 Control 3.67 17.00
Treatment/control comparison index 10.67

Table 41 -Results of repeated measures Anova to test foeffeets of treatments, days and interaction on

post and pre-treatment of bee and brood quanfagigzessed in sixths of frame surface).

Effects Bee sixths Brood sixths
F p F p
Treatment 0.19 0.69 0.09 0.78
Days 11.04 0.03 * 107.26 <0.01*
Interaction 0.01 0.92 1.12 0.35

*Statistically significant differences (p<0,0.0,05)
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Statistical elaboration of flight activity and fgiag data is currently in progress; however, the
general pattern (Figure 34) does not seem to poimegative effects. On average, flight activity
after treatment was greater in treated small celnompared to controls (8.7 vs 7.3 bees flying out
every 307), while the mean number of bees obseorethe plots post-treatment was similar in both
groups (5.6 and 5.4 for controls and treatment eetsgely). In addition, the other modes of
behaviour observed on the plots showed no obvigiptms of poisoning. This was demonstrated
by the low frequency of behavioural abnormalitie®oth groups and also by the fact that abnormal
behaviour, where observed, was present both bafateafter treatment (Table 42).
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Figure 34 -Mean flight activity (A) and foraging (B) for théree tunnels of each treatment, as recorded
during the trial. Translation of text within thgtire:N° medio di api in uscita in 30% Average number of

bees flying out in 30"Pre-tratt. = before treatmenBost-trattamente= after treatmenflestimone= control;

Trattato= treatedData/ora= date and timd\° medio di api/parcella= Average number of bees/plot.
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Table 42 -Total number of bees observed on rapeseed plotbigxtp abnormal behaviour. Values between
parentheses refer to clothianidin-treated bees.

Bees immobile on Bees engaging in Stunned bees
leaves or flowers cleaning activity
Pre-treatment 0 (0) 0 (4) 0 (0)
Post-treatment 3 (10) 0 (2) 0 (0)

The percentage of honeycomb constructed on thdyefrgme likewise showed no statistically
significant differences between control and treatetll colonies (fr.4= 0.086; p= 0.783). By 15
days after treatment, bees had on average bughip20% of the frame.

Computation of temperature data inside the hivesamalyses on residues detected on dead bees
and on vegetation are currently in progress.

In conclusion, the results highlight a significafiect of clothianidin (Poncho)-treated maize seed
dust on bee mortality. The peak of mortality waseskied immediately after bee exposure to the
active ingredient, and persisted for 2-3 days. Hmwe although the families affected were
effectively weakened, they were not damaged froenpibint of view of number of bees and brood,
at least in the medium period (up to 15 days afeatment).

6.4. Sublethal effects of clothianidin on bee foragg behaviour and homing ability in the field
6.4.1 Effects of clothianidin on foraging and oe tiee dance

Bees in a glass-walled hive composed of 6 fraraesyhich 2 of honey and 1 of brood, were
trained to forage for pollen from an artificial genser (Figure 30). The bees were marked and the
dispenser was gradually shifted to 150 m from tbést.nThe time taken by bee flights to and from
the dispenser as well as flight frequency were oreals Bees that showed assiduous visits to the
dispenser were chosen for the trial, and dividéad 19-bee groups.

Individuals were captured at the location of tlepdnser, after the bee had finished composing
the pollen ball, so that the bee would still be iraded to return to the nest and communicate the
location of the dispenser to the other bees. Adtgture, each bee was inserted into the tip of a
Gilson pipette whose point had been cut off. Afterghly 30’ of starvation, treatment consisting of
0.70 ng/bee of clothianidin in 5 microlitres of 508acrose solution was applied to one group
(N=10); 5 microlitres of 50% sucrose solution wdmanistered to the second group (N=10).

60’ after administration of the treatment, the derere released in small groups near the
dispenser. For 3 hours the behaviour of each iddali in flights back and forth between the
dispenser and the nest was observed, recording fligquency and time required for return to the
hive and filming nest behaviour for 5 minutes oadeee had returned to the nest. Concurrently, the
main aspects of behaviour (pollen discharge, damophallaxis, immobility, exit) were recorded.
Similar videorecordings and direct observationsenmrformed after 20-24 hours. Finally, the trial
was repeated with the same procedures using a [detbranidin dose of 0.47 ng/bee.
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Figure 35 -A: bees during pollen collection from the dispensem@rked bees in the nest

Examination of the videorecordings is currentlypnogress. Observations conducted at the time of
release after application of the treatment anchenriest revealed normal behaviour for untreated
bees (direct flight to the nest, pollen dischargeractions and exchange of food with companions,
exit and immediate return to the dispenser to cbiteore pollen). In contrast, only one of the bees
treated with the highest clothianidin dose returttethe nest, where it did not discharge poller, an
remained isolated and immobile for a prolonged querof time. Bees treated with the lower
clothianidin dose did return to the nest but thegegienced difficulty in discharging pollen, and
during the first 3 hours of observation they did neturn to the dispenser. Of the clothianidin-
treated bees, only 80% reappeared the next day.
The main data from the direct observation are shiowFigure 36.
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6.4.2 Effects of clothianidin-coated maize seed dusee homing ability

This trial was set up to assess whether beeshtatien ability was affected by contact with the
guantity of dust dispersed to a distance of 5 nmduthe sowing of Poncho-coated maize seed. The
study aimed to test the hypothesis that duringdiog activity bees may come into contact with
sublethal quantities of clothianidin containedhe tust that drifts into the surrounding atmosphere
during maize sowing. Contact may occur in variousysv (ingestion, direct contact, indirect
contact), on single or multiple occasions.

To perform the trial, bees of a hive were markedividually and then contaminated in the
various different ways. Their return to the hivelao the food dispensing point was then evaluated.

The first part of the trial (indirect contact) wearried out in a predominantly maize-growing area
near Bolognina (village of Crevalcore — BO) (cooates: 44° 46’ 16” N; 11° 08'53” E) (Figure
37). On-site inspections and interviews with loesidents and bee-keepers had established that no
apiaries were present within a radius of 2 km.

In preparation for the training phase, a dispengén water and honey was transported to the
location on the evening of $68luly 2010 and placed at roughly 330 m from thehSince this was
an extremely attractive food source, and the aelkeld substantial flowering plants and blossoms
during the period in question, the bees were a#dato the dispenser and rapidly became
accustomed to visiting it. The dispenser was curistil by a tray filled with 50% water and sugar
and was covered with a plexiglass lid in which kolead been punched. Small sponges that
absorbed the solution were placed inside the holes.

Once the bees had become accustomed to the tloeyeyere marked using small brushes soaked
with drops of Uniposca®. They were then capturdill{8es per treatment) and restrained inside the
cages for application of the clothianidin treatmea$ follows: 1) treated bees (0.044 pg of
dust/cage, a value corresponding to 6.25 {ig/the quantity of clothianidin detected at 5 mniro
the field sown with maize; 2) control (talc).

The marked bees captured in the dispenser werseveddl to walk for an hour on a substrate
(organic apple leaves) dusted with pure talc (ortaminated with Clothianidin dust). The bottom
of the experimental plexiglass cages was lined aitrapple leaf substrate, and was also equipped
with a dispenser (the stopper of an Eppendorf)ainimtg 200 pl of sucrose solution. To restrain the
bees on the bottom of the cage and oblige theratk & much as possible on the treated substrate,
a cardboard separator was utilized.

Data collection began immediately after releaseth&f bees, and continued for 3 hours of
continuous observation of the hive and the feedlispenser. The protocol also provided for a
further check 24 hours after release, if only aitkech percentage of bees, or no bees at all, had
returned within that time span.

Data elaboration is still in progress, but thetfeinalyses suggest that the lost bees (i.e. thase
neither returned to the hive after their releasewere seen on the food dispenser) amounted to
10% in the clothianidin —treated group, and 3.4%he control group. In both treatments, bees
returned to the hive within a mean time span ofghdyt 30 minutes after release. In the control
treatment, 87.5% of bees returned within the hatr, vs. 80.8% of bees that had come into contact
with clothianidin.
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Feeding point

Hive

Figure 37 —Map of the trial area.

6.5 Effects induced in bees by dust from seed codtenith clothianidin, thiamethoxam,
imidacloprid and fipronil: evaluation of effects on learning and memory of odours and
colours and spatial orientation

Study of theProboscis Extension ReflePER) in the presence of odours associated with
administration of sucrose liquids allows an assesgnof the impact of pesticides on some
cognitive processes such as learning and memanzafi different types of environmental stimuli.
Impairment of odour-associative learning can beertaks an index of disturbance of cognitive
abilities, severely affecting the foraging funcgorof bees and also leading to dangerous
disorientation. The 2009 trials conducted in trarfework of the Api e Agrofarmacistudy of the
Apenet Project provided evidence that the quanfityust dispersed by the seeder and deposited on
the ground at the distance of 5 m is sufficientniduce an adverse effect in bees that repeatedly
come into contact with the substance. Affected bedbe 2009 trials showed reduced ability to
recognize odours associated with a reward in tideso of specific training.

Since these effects are detectable at sub-lethsés] our programme planned to repeat the
experiment only if the seeder modifications introeld to reduce dust emission were subsequently
found to have lowered dust drift to below the quee# we assayed in 2009. In actual fact, the
guantities measured appear to be equal to or griete those detected in 2009. However, partly
also in the light of the debate during the rourlezheld on June"™2010 in Rome at the head
office of CRA, in the presence of European experntghe neuronal mechanisms the underline bee
learning and memory, we decided to continue tlastradopting a partly modified PER Protocol in
order to increase the margins of appropriatenetiseoiethod.

The odours utilized in this second year of trimgolve bee social life. The odours used were
linalol, a component of the Nasonov gland with fiimrts of summoning forager bees back to the
colony and of aggregation, and a pheromonic mixBez Boost) containing some components of
the queen pheromone, composed of scantily volatiddecules with multiple functions that are
fundamental for colony cohesion and to stimulate torker bees to fulfil their tasks. This
approach was adopted in order to achieve a bétteetiveen the experimental method and genuine
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field conditions, and to favour an interpretatioased on the life of the hive rather than the
individual bee.

In the same perspective, the Y-maze test on atient ability was conducted outdoors, using bees
accustomed to flying freely. Thus the bees testetevirue foragers, at work in connection with
their own hive, but trained in this experiment ¢éauxh for the reward in our special facility.

6.5.1 PER-test: Evaluation of the effects of chatidin, imidacloprid, thiamethoxam and fipronil
(contaminated dust) on recognition of linalol, angmonent of the Nasonov gland

Materials and methods

Hives, number of bees, repetitionsa single hive was used and 3-4 repetitions weréopeed
(each made up of 9-11 bees).

Capture: Bees were captured and placed in purpose-madegfasgicages, the bottom of which
consisted of an 8.5 cm diameter Petri dish (10 peesage). Each cage was equipped with a food
dispenser.

Tested active ingredientsclothianidin, imidacloprid, thiamethoxam and bpil.

Origin of contaminated dust the dust utilized in this trial was extractednre@oated seed batches
supplied by Assosementi at CRA-ING in Rome, utilizgthe Heubach cylinder.

Tested concentrationsthe quantity of active ingredient per surfaceaanlized in the present trial
was equal to that estimated to be deposited atfEom the sowing field using a seeder without
modification, and concentrations 10, 100 and 1@9@g higher (Tab. 1).

Since the experimental cages had a total area @25f and an 8.5 cm @ Petri dish as their
bottom, the quantity of dust utilized per cage watculated in proportion to the area available
(Tab. 1).

The dust containing the concentrated active ingrecextracted from the Heubach cylinder was
prepared and mixed with talc by the DISTA Unit,arder to obtain the sub-lethal concentrations
for this trial. In each container 0.01 g of talstaining the calculated quantity of active ingredie
were introduced.

Each cage contained 10 bees.

Table 44 -Quantity of a. i. per tested surface. CLO= clotidan IMI= imidacloprid, THI= thiamethoxam;
FIP= fipronil.

CLO IMI THI FIP
% a. i. in the dust 33 31.1 33.5 32
a.i.at5m (ug/ 2.25 3.63 2.53 0.91
Total dust at 5 m (ug/M 6.82 11.67 7.55 2.84
Dust in a 8.5 cm @ Petri
dish (=56.72 crf) 0.039 0.066 0.043 0.016
g.tya.i.x1 0.012762 | 0.020589| 0.014350 | 0.005162
g.ty a. i. x10 0.12762 0.205894| 0.143502 | 0.051615
g.ty a. i. x100 1.2762 2.058936| 1.435016 | 0.516152
g.ty a. i. x1000 12.762 20.58936 |[14.35016 | 5.16152
contact LD50 (ug/bee) 0.0218 0.0179 0.0299 0.006

Manner of contamination with the active ingredient immediately after the capture of bees
flying out from the hive, the bottom of each cagesweplaced with a Petri dish containing the pre-
established dose of active ingredient. Each cagemantained for 3 hours (after administration of
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the product) in an incubator at 26° C in darkn&s®s had access to sugar syrup immediately after
being captured. The feeder was removed 2 hounstatgarve the bees in preparation of the PER
test.

Preparing bees for the PER testEach bee, after being submitted to treatment, wasegd
individually inside Gilson pipette tips.

Training: Training began with some exercises aimed at camditg bees to an air flow for 15
seconds, followed by:

1. exposure to citronellol for 5 seconds (drop loa tip of an insulin syringe held at 1 cm from the
bee’s head), follwoed by tapping the bee’s antenmidie the syringe containing citronellol and
offering the reward (sugar syrup) for 1 second;

2. after 6’ exposure to peppermint odour (in theesavay as above) followed by touching antennae
and administrating a saline solution;

3. after 6" new exposure to the rewarded odourdq(eéllol) for 5 seconds, in the same way
described above, followed by the reward.

Test the PER-based odour recognition test was cawigdat 60’, 180’ and 24 h after the last
training test, in order to verify the ability ofdlbees to recognise the odours, by presenting them
with the rewarded or punished odour, and asseshmgesponses on the basis of the following
categories:

1.Correct C+M-: response (proboscis extension) omlihe odour which was rewarded during the
training (citronellol) and not to the punished od@ueppermint).

2. Partially correct C+M+: response to both odours.

3. Partially wrong C-M-: no response to either odour.

4.Wrong: response only to the punished and not toeWvarded odour.

Each odour recognition test consisted in 10 alterpaesentations of the rewarded and punished
odour (i.e. 10 presentations for each odour),istasith the punished odour. During these tests the
bee was offered neither reward nor punishment.

At the end of the test conducted at 180’, the vesre fed a drop of 30 ul sucrose solution.

Viability at the end of the test After the test conducted at 24 h, bees were setkanto a free
flight cage to monitor viability data linked to neotfunctionality. The following behavioural modes
were recorded: flight (V), walking (C), rale (R).

Data analysis After checking the robustness of the premisesn@geneity of variance), a one
way ANOVA for each a. i. and each time interval wasformed, considering treatment (a. i.,
untreated control) as the main factor.

Results

Bees exposed to the 4 a. i. at the doses registenedhe field at 5 m from the seeder without
modification

The graphs (Figs. 38-41) show the percentages roéatoresponses at the different time intervals
(60’, 180’, 24h) for all the a. i. at increasingncentrations, starting from the concentration
corresponding to the quantity of a. i. depositedhgyseeder at 5 m (indicated with x1) increasing t
x10, x100, x1000. The trials herewith describedlangd bees which had survived exposure: it must
be noted that the used concentrations caused ablkieortality, as confirmed by other trials in the
framework of the APENET project. Exposure of grogpdees was repeated several times until a
sufficient number of surviving bees to use in te@dviour tests was available.

Results showed a significant effect of treatmenh\all tested a. i. on odour recognition ability 24
after exposure. The percentage of fully correcpoases (proboscis extension in presence of
citronellol but not of mint, C+M-) was significagitiower in treated bees compared to the untreated
controls (Figs38-41)

As expected, the differences mainly concerned bilé@yato recognise odours 24 h after exposure,
although, for clothianidin, a significant reductisas already evident 180’ after exposure.
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These data demonstrate a clear negative effectinfethal doses of the tested a. i. on the altitity
shape and / or recover olfactory memory. Thisus tooth when bees were exposed to doses equal
to the ones measured in the field, and when be®s/ed exposure to much higher doses, as may
happen in the case of dust drift by wind, or wheassing in flight a dust cloud containing
contaminated particles emitted during seeding.

When bees were freed, at the end of the 24 h tlesy, were all able to walk and to fly, thus
excluding the hypothesis that the absence of respaas due to motor inability.

F(3, 44) = 7,9750, P = 0,00024 F(3, 39) = 4,3886, P = 0,00938
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Figure 38- Effects of the 4 a. i. on olfactory memory: begposed to a dose/bee corresponding to the one
deposited in the field at 5 m by the seeder witmadlifications. Translation of text within the figu
Testimone= control.
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F(3, 35) = 2,3407, P = 0,09011 F(3,35) =6,6045, P = 0,00118
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Figure 39- Effects of the 4 a. i. on olfactory memory: begposed to a dose/bee corresponding to 10 times
the one deposited in the field at 5 m by the seatteout modifications. Translation of text withine
figure: Testimone= control.
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F(3, 42) =8,8061, P = 0,00012
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Figure 40- Effects of the 4 a. i. on olfactory memory: begposed to a dose/bee corresponding to 100
times the one deposited in the field at 5 m byseneder without modifications. Translation of texthin the

figure: Testimone= control.
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F(1,42) = 17,816 P = 0,00013 F(3,33) =3,7773 P = 0,01958
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Figure 41 - Effects of the 4 a. i. on olfactory memory: begposed to a dose/bee corresponding to 1000
times the one deposited in the field at 5 m byseéneder without modifications. Translation of texthin the
figure: Testimone= control.
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6.5.2 PER-test: Evaluation of the effects of clidin (contaminated dust) on queen pheromone
recognition ability

The materials and methods utilized were the santesyibed in the trials of point 6.5.1.

Odours and manner of presentation Some modifications were introduced as compareithd¢o
previous trial (6.5.1) on account of the naturetted odours utilized, which required a different
mode of presentation.

For the punished odour, we used a strip of fiteper loaded with 3 microlitres of peppermint
(identical to the previous trial), placed in a 5 syringe with the piston removed and the hole
widened (without needle). For the rewarded odoupharomonic mixture containing the main
components of queen pheromone was used. Sinceplieiomonic mixture was constituted by
poorly volatile molecules, adsorbed onto a propglarbe, the following procedures were adopted
to ensure that the syringes utilized for odour @néstion werevisually identical

- an odour-free propylene tube was added in the ggroontaining the strip of filter
paper loaded with mint (schematic 1 A);

- a strip of odour-free filter paper was added in $lggnge containing the small tube
with the pheromonic mixture (schematic 1 B).

Syringe portion

=

Filter paper loaded with
3 pl peppermint
Propylene tube

B ==

Propylene tube with queen
pheromone
Clean filter pape

Schematic 1A

Air flow generator

Schematic 1B

Hives, numbers and repetitionsthe trial is still in progress. Two repetitionsld bees each have
been completed for hive C. Data were analyzedsstatly with one-way ANOVA.

The results showed a significant effect of clatiden treatment on recognition of queen
pheromone components. The percentage of fully coresponses (proboscis extension in presence
of the pheromone and not of mint, QP+M-) was sigaiftly lower in treated bees as compared to
untreated controls for all time intervals conside(Eigure 42), while the percentage of partially
wrong responses (QP-M-) was significantly highetr@ated compared to control bees (Figure 44).

Furthermore, at 24 h after treatment, the pergentaf consistently positive (QP+M+,
Figure 43) and completely wrong (QP-M+, Figure dgponses also increased, confirming
findings for thiamethoxam detected in 2009.
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Figure 42 -Explanation in the text.

Figure 43 Explanation in the text.

Figure 44 Explanation in the text.



Ability to overcome the stress of immobilizationiability after release, and the capacity to
perform different types of motor functions were lergéed by releasing bees into a free flight cage.
Results summarized in Figure 46 show that thereswer noteworthy differences between treated
and untreated bees. However, this type of assesssneot sufficient to demonstrate the absence of
motor effects, as the free flight cage measureg 4aIx 30 x 30 cm. On the other hand, it does
confirm that cases of failed responses toRER test cannot be attributed to an inability by bees,
after immobilization, to engage in simple motornatt such as proboscis extension.

Motor abilities after 24 h immobilization

N° of
bees
16
14
12 —
10 —
8 — -

O control
O clothianidin

LI

rales walks flies

6
4 I
2
0

Figure 46 -Explanation in the text.

6.5.3 Learning and memory of colours and spatigmation in the Y-maze
Spatial and colour-related training —A simple Y-maze was placed outdoors, at roughlyn25

from the hives (Figure 47). Bees were divided igtoups for preliminary training in extracting
50% sucrose solution from a white dispenser iratitechamber of the maze (phase 1).

End of the

NS

Ohn

Figure 47 -Training scheme.

A group of 8-10 bees were then marked with watdows (Uniposca) on the thorax and the
abdomen, making them individually recognizable (if#&g48 A). The other subjects were excluded
from the subsequent phases by means of captureebade into a specific cage. In phase 2 a strip
of white cardboard was placed vertically in fromttlee dispenser so that the dispenser was hidden
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to the view of incoming bees (Figure 48 B). Traginontinued exclusively for the marked
individuals, inside the common chamber and subsetuaside the two arms, on dispensers with a
coloured lid: blue = reward (50% sucrose solutiorl] = punishment (saturated saline solution)
(phase 3).

Each bee performed:
- 4 visits with dispensers placed half-way betweea two arms (B20), with a vertical
obstacle in front of the dispenser (Figure 48 B);
- 4 visits inside the labyrinth up to the end of thhe arms (B40), with a vertical obstacle;
- 4 visits inside the labyrinth up to the end of thwe arms (B40),without vertical obstacle and
with the addition of a square having the same aoésuthe dispenser lid on the vertical wall
behind the dispenser itself (Figure 48 C);
As part of the training, only one subject at a twees allowed access. The position of the rewarded
colour in one or the other arm was determined ategrto a semirandom sequence (no more than
two successive visits on the same side), and the Wwere divided into two groups: one started the
training (first reward) on the right, and one oa téft.
For each visit, arrival time and first choice arfritee subject was recorded.

A B C D

Figure 48 - A: marking; B: training with colours protected byeartical white barrier; C: final training with
colour visible to incoming bees, with a coloureddt®ard strip on the rear wall at the end of thre arside
the labyrinth; D: bee treatment in the tip.

Capture and treatment —Capture took place during the final training visitter the subject had
alighted on the correct dispenser, but before tigest began to feed:
- the subject was then inserted into a Gilson pipttg200 microlitres), whose point had
been cut off (Figure 48 D);
- starvation for 30 minutes;
- administration of treatment (see Table 38) by itigas inside the tip itself; control bees
were given the same quantity of 50% sucrose solutio
- bees were restrained in the tip for 1 hr in darknes

Table 45 —Active ingredients, doses and manner of administattilized in the experiment.

Proportion as compared to

Active ingredient DL50 48 h Dose assayed DL50 at 48 h (*)
Clothianidin (Dantop 50 WG®) 4 ng/bee 0.47 ng/bee /101
Imidacloprid (Confidor 200 SL®) 3.7 ng/bee 0.036bee | 1/100
Thiamethoxam (Actara 25 WG®) 5 ng/bee 0.05 ng/bee /10

Fipronil, pure, powder formulation| 4.17 ng/bee Ag?bee 1/5

(*) Data available on Footprint (http://sitem.heastsuk). The proportion as compared to DL50 for the
various active ingredients was chosen on the ldislee 2009 mortality trials conducted after adrsiirstion
of the active ingredient.
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Test 60% Each subject was released 60 minutes after adtration; release took place near the Y
maze, and all subjects were released simultaneously

The coloured food dispensers (visible to incomiregs, partly also due to the presence of the
identically coloured strip of cardboard on the reall inside the arm of the labyrinth) did not
contain either reward or punishment.

The test consisted in alternate visits to the armsvhich, on the first visit, the rewarded colour
was placed on the side where the subject hadldegtin its training. Access was allowed to only
one bee at a time, regulating the entry with mowalgrtical barriers positioned at the entry to the
labyrinth and to the common chamber.

For each bee, the following parameters were recbrithe time of each visit, the first arm explored

(on the right or on the left), and behaviour tovgatide feeding dispenser located on the rear wall
inside the arm: V = flight inside the arm witholighting on the feeder; N = feeds, in other words

the subject alights on the food dispenser and dstéme proboscis at the position of the holes in
order to access the solution contained within tigeat present); A = alights on the food dispenser
without attempting to feed.

The visits of each test wen®n corrective that is to say, the bee was allowed to moveraton
the first arm chosen: furthermore, independentlyhef colour that was present, the bee was not
allowed the possibility of moving into the othemarinstead, the bee was made to exit immediately
from the labyrinth through removal of the transparlexiglas lid that covers the labyrinth. For
each subject, the wait for its return to the lablyriafter release extended for a maximum of 3 h.

At the end of the two visits composing the testhedividual was captured and inserted together
with the other subjects of the same group (tredtedntrols) into a cage containing a food
dispenser, and maintained in darkness at 26 °Cthetfollowing day.

24 h test the subjects of the two groups were released 2dtdr administration of the active
ingredient. The test was performed according tastmae procedure as described for the 60’ test.

Computations of the data recorded for this test &ill in progress. The first results of the
statistical analysis are given in Figures 49 and 50

Figure 49 A-H shows the percentage of bees wlafthr release, chose the arm which presented
the food dispenser with the correct colour on thar rwall inside the arm (the colour that was
rewarded with sucrose solution during training).

One-way ANOVA carried out for each active ingesdiand for each test indicated a statistically
significant reduction in the ability to enter therect side 60 minutes after clothianidin and
imidacloprid treatment. In contrast, bees submitied¢hiamethoxam and fipronil treatment and
tested 60 minutes after administration of the a&ciingredient did not differ from the untreated
controls as regards orientation ability. On theeothand, at 24 h after treatment, all the active
ingredients studied led to a significant reductiororientation ability as compared to the control
groups.

Figure 50 shows the percentage of choice made l®g léhen faced with the feeder they
encountered on the rear wall inside the chosen B@ncentages were calculated as an overall
percentage of the total number of bees that cometitthe group; statistical analysis of the
percentages has not yet been completed.

Although the analyses are still in progress, a gdriendency towards a decrease in food searching
behaviour can be detected. With imidacloprid, genidin and fipronil treatment, a difficulty in
recognizing the rewarded colour can also be distkras suggested by the non negligible attempts
to feed at the red food dispenser, namely the dsgrewhich, during training, contained the
punishment (saturated saline solution).
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Test 60": Enters the right arm Test 24 h: Enters the right arm

F(1, 4)=0,64576, p=0,46667 F(1, 4)=191,12, p=0,00016
100 100
90 90
80 80
60 ® 60
o 5 5 o
° 40 ° 30
30 20
20 10
10 0
0 -10

control fipronil control fipronil

Test 60": Enters the right arm Test 24 h: Enters the right arm

F(1, 4)=11,364, p=0,02801 F(1, 4)=9,5526, p=0,03655
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Test 60" Enters the right arm Test 24 h: Enters the right arm
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Test 60' : Enters the right arm Test 24 h: Enters the right arm

F(1, 4)=0,48368, p=0,52505 F(1, 4)=24,897, p=0,00755

130 130
120 120
110 110
100 100
90 90
80 80
70 70
o 60 o 60
50 50
40 40
30 30
20 20
10 10
0 0

control thiamethoxam control thiamethoxam

Figure 49 —Explanation in the text
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Behaviour after 60’ Behaviour after 24 h
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Figure 50 - Percentage of bees that engaged in food searcleihgviour at the correct and wrong food
dispenser (both empty) during the 60’ and 24h t€3tdy one of the two was situated on the rear waide
the arm. Bees that moved towards it were allowdyg one exploration and then were made to exit fthe
tunnel.
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6.5.4 Conclusions

The trials are still in progress, but the datquaxed so far allow confirmation of the results of
experiments conducted in 2009.

The protocol applied in these experiments, whiels wesigned to assess the sub-lethal effects of
odours on memory, was partially modified as comghaoethe 2009 approach. The new element in
the 2010 protocol concerns the prolonged trainimgsp (12 presentations) followed by a very short
test (1 attempt), whereas the 2009 protocol pral/fde a short training period (2 presentations) and
a prolonged testing period (10 attempts) duringcwhthe bee was assayed repeatedly within the
same time span.

So far, the two approaches have resulted in three andings, showing a significant reduction in
long-term memory (24 hours) of bees contaminateth wlust containing sub-lethal doses of
clothianidin.

The rewarded and punished odours utilized in tleenory trials were linalol, as the rewarded
odour, and a queen pheromone mixture as the puhwsihaur. Choice of these odours was based on
the following rationale: linalol is a componenttbe Nasonov gland, with functions of summoning
bees back to the colony and of aggregation, whileeq pheromone has multiple functions and is
fundamental for maintaining colony cohesion and $omulating the worker bees to fulfil their
appropriate age-dependent tasks. Therefore anyrloigsice in perception of such odours strongly
affects not only the foraging bees themselves henl food gathering function, but also the balance
within the colony, inasmuch as the perception ofrpmones plays an essential role in relations
among companions within the nest and between theath\group of companions, the queen and the
larvae. Consequently, pheromone perception is arucdetermining strength of the family.

Experiments were also conducted on bee orientatiolity with a simple Y maze, testing the
ability of free-flying bees to enter the maze amdl fthe reward on the basis of a visual stimulus,
namely a colour. Results on the active ingrediesttsdied showed that at 24 hours after
administration of treatment, sub-lethal doses béetive ingredients contained in dust deposited at
5 m from the seeded field were capable of comprmgibee ability to visit a known food source
and to recognize the colours associated with tleeose reward. For imidacloprid and clothianidin
this effect was visible as early as 60 minutes atininistration of the treatment.
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