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SUMMARY

Selectivity of pesticides to beneficial arthropods is a key data for the implementation of IPM
program. In the context of field vegetables crop, a set of 16 fungicides, 17 herbicides and 14
insecticides commonly used in Belgium were tested on 5 indicator species: the parasitic hy-
menoptera Aphidius rhopalosiphi (De Stefani-Perez) (Hym., Aphidiidae), the aphid foliage
dwelling predators Adalia bipunctata (L.) {Col., Coccinellidae) and Episyrphus balteatus
(Dipt., Syrphidae) and the ground-dwelling predators Aleochara bilineata (Col., Staphyllini-
dae) and Bembidion lampros (Col., Carabidae).

Pesticides were tested according a testing scheme including a first assessment on inert sub-
strate (glass plates for adults of A. rhopalosiphi, larvae of A. bipunctata and E. balteatus,
sand on adults of A. bilineata and B. lampros) and, for product that were toxic, a second
assessment on natural substrate (barley seedlings for A. rhopalosiphi, french bean plants for
A. bipunctata and E. balteatus and two type of soil for B. lampros and A. bilineata). The
effects of the product were assessed on basis on mortality, except for A. bilineata (Onion fly
pupae parasitism). According to the final results obtained at the end of this testing scheme,
the product were listed in toxicity class: green list if effect <30%, yellow list 30% < effect <
60% and orange list 60% < effect < 80%. Products with toxicity higher than 80% on plants or on
soils, or that reduce parasitism more than 80% on soil were put in red list and are not recom-
mended for IPM.

Results showed that atl fungicides and herbicides were included in the green list except tebu-
conazole and boscalid + pyraclostrobin that were labeled as yellow for A. bipunctata. In
opposite, no foliar insecticide was totally selective for all beneficial tested. However some
products are in green list for one or several species. Soil insecticides were all are very toxic
for ground dwelling arthropods and classed in red list.

All results obtained during this study and further upgrade will be available on www.cra.wallo-
nie.be/selectivite.

In conclusions, fungicides and herbicides tested are compatible with IPM programs. For foliar
insecticides, some treatments can be used carefully according to the selectivity. But for soil
insecticide treatments, their toxicity raise the question of their use in IPM programs in vege-
tables and the need of new compounds or development of alternative pest control programs.

INTRODUCTION

In vegetable production in open field, as in other crops, beneficial arthropods are a
key factor in the biological control of several pests (Hughes and Salter, 1959; Read,
1962; Coaker and William, 1963; Lovei and Sunderland, 1996). In the context of a
sustainable agriculture and IPM implementation, these beneficial arthropods must
be preserved from adverse effects, especially from non-selective pesticides. By
eliminating pest natural enemies, non selective insecticides can enhance pest out-
break, with population levels that even reached higher levels than those observed
without any insecticide treatment (Ripper, 1956; Pimentel, 1961; Besemer, 1964;
Vickerman and Sunderland, 1977; Croft and Slone, 1998). Resurgence of pest of
secondary importance, simply because their natural enemies have been eliminated
is also a consequence of the use of non-selective compounds, even with a simple
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fungicide or herbicide application (Nanne and Radcliffe, 1971; Sotherton and
Moreby, 1988; Lagnaoui and Radcliffe, 1998). Both pest outbreak and pest resur-
gence multiply pest problems and insecticide use, increase cost production and
negative impact of pest control on human health and environment. This situation
could be avoid at the beginning, if selective pesticide were available and used
instead of non-selective compounds. Actually, there is a clear trends to try to use
selective products, as claimed by certification standard guidelines as EUREPGAP
and Chart PERFECT. However, clear information that can directly be used by pro-
ducers and pesticide users are missing.

In the context of IPM implementation and pesticide users information, the selectiv-
ity of pesticides used in Belgium in carrot, onion, pea and bean has been deter-
mined according to the methodology previously used for building selectivity list in
potato (Hautier et al., 2006). 16 fungicides, 17 herbicides and 13 insecticides have
been tested on 2 to 5 beneficial arthropods species selected as indicator species
for these crops. According to the results obtained, products were rated in different
toxicity classes and selectivity lists were build.

MATERIALS AND METHODS

Assessment of selectivity of pesticides was realized on basis of both bibliographic
data for products that were well documented and on basis of toxicity test results.
Bibliographic data were retained when the methods used fulfill the IOBC standard
(Hassan, 1994) and were similar or close to those used to build selectivity list (resi-
dual contact toxicity test with inert and/or natural substrate, susceptible life
stage, product application and tested rate, exposure time, ..... ).

Toxicity tests were realized on 2 to 5 different species, according to the use of the
product (crop, timing of application and beneficial exposition risk). The tested
species were : adult of the parasitic wasp Aphidius rhopalosiphi De Stefani-Perez
(Hym.; Aphidiidae), larvae of the ladybird Adalia bipunctata (L.) (Col.; Coccinelli-
dae) and the hoverfly Episyrphus balteatus (De Geer.) (Dipt.; Syrphidae), adults of
the carabid beetle Bembidion lampros (Herbst.) (Col.; Carabidae) and the rove
beetle Aleochara bilineata Gyll. (Col.; Staphylinidae).

Toxicity tests fulfilled to the SETAC recommendations (Barrett et al., 1994) and
were developed by Copin et al. (2001) for parasitic hymenoptera and aphid preda-
tors and by Heimbach et al. (2000) and Grimm et al. (2000) for carabid and rove
beetle, respectively. Pesticides were tested at the maximum recommended field
rate for one application, on basis of available commercial formulations. Herbicides
were only tested on the carabid and rove beetle, as the exposure risk. for plant
dwelling predator and parasite was negligible or null. Insecticides and fungicides
were tested on the 5 selected species. Most products were applied as spray mix-
tures in water, with rates of 200 L.ha™ +10% on glass plates and 400 l.ha™' +10% on
sand and soil. Thiram was applied as dusting powder and, when required, soil in-
secticides were incorporated into the soil as granule.

For all product, test followed a classical I0BC testing scheme (Figure 1.) Pesticides
were first tested at their maximum field rate on an inert substrate (glass plates or
sand). Products that lead to effects (mortality or reduction in parasitism rate with
Aleochara) higher than 30% were further tested on natural substrate (plants or
soils). According the results of the tests, products were labeled as harmless (o) and
included in a green list, slightly harmful - yellow list (), moderately harmful -
orange list (e®) and harmful - red list (eee). Green list include all selective com-
pounds and red list all harmful products that must be avoided if possible. Yellow
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and orange list are intermediate products, that have to be used carefully, when no
equivalent in green list exist or for very specific uses, as pest resistance manage-
ment.

1. Test on inert substrate (glass, sand) ]

Effects = ————* 5  Green list

> 30%

2. Test on natural substrate (plant, soil)

< 30%
Effects —> Green list

30%-60 %
60% - 80%

Yellow list Orange list Red list
Figure 1. Sequential testing scheme of pesticide selectivity assessment

RESULTS

On basis of bibliographic analysis, the insecticides carbofuran, chlorpyriphos-ethyl,
diazinon and dimethoate were rated as harmful for carabid and rove beetles ac-
cording to their high toxicity for these insects (Mowat and Coaker, 1967; Hassan,
1969; Edwards and Thompson, 1975; Finlayson, 1979; Finlayson et al., 1980; Kirk-
nel, 1978; Cockfield and Potter, 1983; Vickerman et al., 1987; Floate et al.,1989;
Kegel, 1989; Casteels and De Clerq, 1990; Bale et al., 1992; Samsoe-Petersen,
1993; Sivasubramanian and Wratten, 1995). On the opposite, pirimicarb was in-
cluded in the green list according to its high selectivity for these ground dwelling
beneficial insects (Unal and Jepson, 1992; Samsoe Petersen, 1993).

With herbicides and fungicides, Samsoe Petersen (1995a,b) has conclude that
cycloxydim and tebuconazole were not toxic for A. bilineata. Fluazifop-p-butyl and
glyphosate were also harmless for this rove beetle (Naton, 1989), as glufosinate
was (EFSA Scientific Report, 2005). The other products, were no pertinent informa-
tion were found in the literature, were tested according to the testing scheme
described. All the results are listed in table 1 (insecticides), 2 (fungicides) and 3
(herbicides).
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Table 1. Insecticide selectivity: o : harmless, o : slightly harmful ee : moderately harmful
eee : harmful, - : not tested, * bibliographic data
B : beans, C: carrots, O : onions, P : peas

o r n "
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Active(s) substance(s) ez K g H] £ g 2
3 & a 5 3 £ ]
g e £ | o < & >
fu < < w
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Table 2. Fungicide selectivity o: harmless, e: slightly harmful ee: moderately harmful eee:
harmful, - : not tested, * bibliographic data

B: beans, C: carrots, O: onions, P: peas
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Table 3. Herbicide selectivity: o: harmless, e: slightly harmful ee: moderately harmfut eee:
harmful, - : not tested, * bibliographic data
B: beans, C: carrots, O: onions, P: peas
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Results showed that all tested herbicides were harmiess to the carabid and rove
beetle: A. bilineata et B. lampros. With the fungicides, all products were selective
for the 5 beneficial species except tebuconazole and the association boscalid +
pyraclostrobin that were slightly harmful for larvae of the ladybird A. bipunctata.
However, these products were selective for the larvae of the hoverfly E. balteatus
and, as both ladybirds and hoverflies are most of the times acting together on
aphids, effects of these fungicides on aphid specific predator would probably be
negligible. Results are indicating that all these products can be used without any
restriction in the context of IPM programs.

With the insecticides, results must be separated in soil applied insecticides (carbo-
furan, carbosulfan, chlorpyrifos-ethyl and diazinon) and foliar insecticides (all the
other ones). With the foliar insecticide, no products were selective for all species,
but some of them were harmless for one to four species, as pirimicarb, selective
for A. rhopalosiphi, A. bipunctata, B. lampros et A. bilineata but toxic for E. bal-
teatus or lambda-cyhalothrin, harmless for A. rhopalosiphi, E. balteatus and B.
lampros. On the opposite, several products were harmful for all beneficials, as
dimethoate and methiocarb and their use in IPM program must be avoid. It is im-
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portant to point out that one product on basis on natural pyrethrin and piperonyl-
butoxide used in organic farming has more or less the same selectivity as synthetic
pyretrhinoids, that will say moderately harmful or harmful on 4 beneficial tested
out of 5. These results suggest that products used in organic farming could not
always be rated as harmless for beneficial and that the use of these products must
be, in a same approach as in classical agriculture, discussed. According to the re-
sults, it could be possible, on basis of a case-by-case analysis considering both pest
to control and beneficial to preserve, to use selective compound in several cases.

The selectivity of soil-applied insecticide on the two ground dwelling beneficial

- tested was dramatically very low. All products exhibit a high toxicity and were

included in the red list. Their possible use in the context of IPM programs is not
possible without an adaptation of normal use, in term of field rate and application
timing. In the context of sustainable agriculture, the development of new com-
pounds with an higher selectivity or alternative control methods are urgently
needed. A fisr approach could be an adaptation of the doses according to soil com-
position to reduce the rates and increase selectivity (Hautier et al., 2007).

DIFFUSION OF RESULTS

All results obtained during this study and those concerning selectivity of plant pro-
tection products in potato (Hautier et al., 2006), as the further update(s) will be
available on www.cra.wallonie.be/selectivite
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