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SUMMARY

In order to carry out a relevant assessment of pesticide toxicity towards beneficial arthropods
under field conditions, it is important to have an accurate and reliable knowledge of the
distribution of pesticide residues over the entire plant. As the compound is not
homogeneously distributed over the plant, insects can encounter very different residue
concentrations. The work presented aims to determine the quantities of deltamethrin residue
on seven specific parts of the wheat tillers after spraying in the field. The results obtained
indicate that the total quantity of pesticide applied per unit area represents only 40 % of the
maximum theoretical amount that would be expected on a horizontal surface area. Logically
enough, a third of the spray deposit can be found on the flag leaf and over 70 % is found on
the entity formed by the ear and the two last leaves. On the other hand, the amounts
recovered on the stalk are limited and dc not exceed 10 % of the total residue. Thus,
beneficial arthropods are not exposed to pesticide amounts per unit area as high as those
envisaged during standard toxicity tests carried out under laboratory conditions.

INTRODUCTION

Since the European directive 91/414/CEE came into force, agrochemical
companies wishing to commercialise new active ingredient must provide
accurate data concerning the impact of these substances on beneficial
arthropods (insects and mites).

The assessment of the toxicity of a pesticide with regard to beneficial
arthropods, as currently anticipated by SETAC (BARRETT et al, 1994),
usually starts in the laboratory by applying the product on an inert
substrate, such as glass or sand. These laboratory tests on inert substrates
are very severe and only serve to detect, with a significant safety margin,
the non-toxic products. If effects are observed in this type of trials,
additional tests have to be carried out under less severe and more relalistic
conditions (extended laboratory test). If the product remains toxic, it will
then be assessed under semi-field conditions (small plots or potted plants),
or even directly in the field.

Whatever type of test considered, we have shown the interest to know ac-
curately the pesticide residue amount to which beneficial arthropods are
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exposed during tests, as well as the pesticide residue distribution on the
various parts of the treated plants or substrates.

This present document consists in assessing the distribution of an
insecticide applied to wheat tillers under field conditions.

MATERIALS AND METHODS

The application of a compound is certainly not homogeneous on the plant.
The arthropods can be exposed to very different residue concentrations.
The experimentation was carried out with deltamethrin as reference

pesticide. The applied dose was 5 g a.i/hain a water volume of of 200
1/ha#10 V/ha.

Deltamethrin’?

Chemical name: (TUPAC)  (S)-o-cyano-3-phenoxybenzyl-(1R,3R)-3-(2,2-
dibromo-vinyl)-2,2-dimethylcyclopropanecarboxylate

Formula: C,,H,,Br,NO,

Molecular weight: 505.21

Water solubility:  <0.002 mg/l

Vapour tension:  1.5%10® mm Hg (25 °C)

Mode of action: ~ Contact and stomach non-systemic insecticide.

Use: This insecticide controls numerous insect pests of top
fruit, vegetables and fiel crops. Its toxicity with regard
to most beneficial arthropods is considered as being
high.

Formula used: DECIS EC 2.5 (EC at 25 g of active ingredient per litre).

Dose : 5ga.i/ha.

Application and sampling

Plots of 3x10 metres were delimited in the field, before the insecticide
applications. Deltamethrin was sprayed at three different dates: on the 7,
13 and 19" of June 2000. The growing stage of the crop was respectively
flowering stage (65, Zadoks), kernel watery stage (71, Zadoks) and late milk
stage (77, Zadoks). The contro} plots were installed in the field, out of
reach of the spray drift.

The treatments were carried out using a portable sprayer equipped with 6
110° nozzles 50 cm apart. At an operating pressure of 2 bar, the flow rate of
each nozzel is 0.65 [/minute, correspondinf to- 200-220 l/ha at a speed rate
of 1 m/second. The theoretical sprayed concentration is 0.05 ug/cm? and

! Liste des pesticides & usage agricole agréés ( 1996 ). Ministere des Classes Moyennes et de
gAgriculture - 15%° gdition .

EXTOXNET (Extension Toxicology Network Pesticide Information Profiles} http://ace.orst.
edu/cgi-bin/mfs/01/pips/deltamet.htm.
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corresponds with the insecticide concentration that would be expexted on
a flat and horizontal surface.

On every sampling dates, ten control tillers and 10 treated tillers were col-
lected directly from the field and cut into 7 parts as illustrated in figure 1.
The samples were taken back to the laboratory to be weighed, measured
and extracted. The extraction method consisted in manually shaking up
the samples with hexane during several minutes (5 to 15 minutes). The
extracts were then analysed by gas chromatography using a capillary col-
umn and an electron capture detector.

ear + stalk 1

leaf 1
stalk 2 \
Leaf 2
g——— stalk 3
leaf 3 Figure 1: Sampling of the
| stalk 4 wheat tiller.
RESULTYTS

The average distribution of deltamethrin residues on the cereal is
presented in tables 1, 2 and 3 for each of the three application dates.

Table 4 presents a summary of the average distribution obtained for the
three application dates, on the 7 parts of the sampled tillers.

The results obtained for the three deltamethrin applications are similar.
About 40 % of the theoretical dose (0.050 ug/cm?) is effectively deposited
onto the wheat tiller as a whole. If this percentage is highly reproducible
through the three spraying dates, the variability between tillers from a
same spraying day is very great, with a coefficient of variation moving
between 20 and 40 %.
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Table 1: Average distribution of deltamethrin residue between each parts
of wheat tillers {Application on 07th of June 2000). The results are ex-
pressed in percentage of the theoretical sprayed concentration (0.05
ug/cm?) and of the total measured spray deposit determined by chemical
analysis.

Ear  \eatt1 Swkz Leaf2 Stak3 leal3 Smks 0@
+stalk 1 ) (%)
Average .
{in % of the theoretical value) 35 168 1.3 90 10 68 13 398
CV. (%) 300 196 69.6 331 783 445 59.2 195
Average
(in % of total) 8.9 422 34 226 2.5 171 33 100.0

Table 2: Average distribution of deltamethrin residue between each parts
of wheat tillers (Application on 13th of June 2000). The results are
expressed in percentage of the theoretical sprayed concentration (0.05
pg/cmz) and of the total measured spray deposit determined by chemical
analysis.

Ear Total
psali Lol Suk2 leaf2 Sk3 leald Sukd of
Average
(in % of the theoretical value) 0 B85 19 8 4 75 15 417
C.V. (%) 464 542 552 488 487 493 700 364
Average
(in % of total) 9.6 324 46 286 34 179 35 100.0

Table 3: Average distribution of deltamethrin residue between each parts
of wheat tillers (Application on 19h of June 2000). The results are
expressed in percentage of the theoretical sprayed concentration (0.05
wug/cm?) and of the total measured spray deposit determined by chemical
analysis.

Ear \eaf1 Stak2 Leal2 Sk3 Leaf3 Stakd 100
+stalk 1 %)
Average oy
(in % of the theoreficalvalue) o> 139 24 127 20 73 18 :
CV. (%) 533 569 615 636 599 467 400 381
ot 38 1000
(in % of total) 8.0 320 58 292 47 16.8 } )
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Table 4: Average distribution of deltamethrin residue between each parts
of wheat tillers (Average of the three application dates). The results are
expressed in percentage of the theoretical sprayed concentration (0.05
ug/cm?) and of the total measured spray deposit determined by chemical
analysis.

Ear Total
+stak 1 leaf 1 Stak2 Leaf2 Stak3 leal3 Stak4 %)
Average
(in % of the theoretical value) 37 147 19 12 15 72 15 a1
CV. (%) 44.9 453 66.9 554 68.7 472 574 332
Average (in % of fotal) 8.7 349 4.8 259 3.6 18.5 37 100.0

A third of the spray deposit is logically laid on the flag leaf and more than
70 9% are found on the ear and on both upper leaves. On the other hand,
the amounts recovered on the stem are limited and do not exceed 10 % of
the total residue. The coefficient of variation calculated on each seven
parts of the 30 tillers is 55 % around. This shows a heterogeneity of the
field applications.

These results can explain the difficulties of interpretation of the
assessment, in natural conditions, of pesticide toxicity with regard to
beneficial arthropods. '

In addition to the heterogeneity of the spraying, these toxicity tests come
up against stern requirements concerning implantation. An
experimentation in natural conditions is bound to the local conditions of
the test: temperature, humidity, pluviometry, brightness, ... The
reproducibility of this one is assured thus with difficulty in the time and in
the space and it is therefore difficult to get by this way really
representative results. Besides, the abundance of the insects, so much
beneficial or pest, is often very variable and. heterogeneous within the
parcels what drives to a difficult or sometimes impossible interpretation of
the results.
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