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Leaching of atrazine and deethylatrazine
under a vegetative filter strip

Jean-Emmanuel E2rPHIN*, Jean-Yves BAPOT

Equipe Agriculture et Environnement, UMR Vigne et Vins d’Alsace, INRA, 28 rue de Herrlisheim, 68021 Colmar Cedex, France

(Received 4 October 2000; revised 20 March 2001; accepted 19 April 2001)

Abstract — Vegetative filter strips (VFS) are a device used successfully to control erosion and to reduce the amount of chemical pol-
lutants in surface waters. Part of the surface water runoff is removed by the VFS by infiltration. The objective of ttisrstudiy,

ed for three years under natural conditions, was to investigate the fate and evaluate the leaching of atrazine and ideethylatraz
(DEA) transported in runoff effluents and trapped by a VFS. Soil solution was sampled using porous cups installed at tato depths
the edge of a VFS established downhill from a maize plot. Drainage volumes were calculated by a generic crop model. The results
show that atrazine and DEA in runoff water were transported into the soil by preferential flow. The migration of chemi=dpwas

er than 60 cm in 1997 and 1999 but probably did not reach 120 cm. In 1998, atrazine and DEA remained above 60 cm. The migration
depth was partly dependent on the soil water content at the time of runoff. The dissipation rate of chemicals in théosanaas s

lower depths. DEA was more persistent than atrazine in the soil solution. The attenuation of atrazine concentration ah60 cm in
soil solution compared with its concentration in the runoff water ranged from 60 to 95% depending on the year and theporous cu
position. Transport of pesticide occurred after the few weeks following herbicide application on maize but leaching o&attazine

DEA occurred mainly outside the growth season. Calculated leaching amounts of DEA were twice those of atrazine.

atrazine / deethylatrazine / vegetative filter strip / porous cup / soil solution

Résumé — Lessivage de l'atrazine et de la dééthylatrazine sous une bande herbdiesebandes herbeuses sont un moyen effica-

ce pour protéger les eaux de surface de contaminations éventuelles par les engrais et les produits de traitement trdasportés pa
eaux de ruissellement. Une partie de ces eaux est piégée par infiltration dans la bande herbeuse. L'objectif de I'é&uidesdst de
devenir et d’évaluer le lessivage de I'atrazine et de la dééthylatrazine (DEA) transportées dans les eaux de ruisseéigéent et p
dans une bande herbeuse installée en bas d'une parcelle en pente cultivée en malis. La solution du sol est échantillpnaée a deux
fondeurs a I'aide de bougies poreuses, le lessivage des produits est estimé a partir du drainage calculé par un modele de bila
hydrique au champ. Les résultats montrent que 'atrazine et la DEA transportées par les eaux de ruissellement migramdeans la b
herbeuse par des transferts préférentiels a une profondeur d’au moins 60 cm en 1997 et 1999 sans parvenir a 120 cndesa 1998, la
cente des pesticides n'atteint pas 60 cm. La profondeur de migration dépend de I'état hydrique du sol au moment des événement
pluvieux. La persistance de la DEA dans I'eau du sol est plus longue que celle de I'atrazine, ces produits se dissipentghis le

en profondeur. L’atténuation des concentrations en atrazine a 60 cm de profondeur par rapport a celles des eaux detruissellemel
varie de 60 a 95 %, selon les années et la place de la bougie poreuse par rapport aux voies d’écoulement. Les tramsfésts sont |
aux quelgques semaines qui suivent les traitements alors que le lessivage de la DEA et de I'atrazine intervient prinogmelantent p

la période d'arrét de la végétation. Dans les conditions climatiques de cette étude, le lessivage calculé de la DEAiesetéux fo

de l'atrazine.

atrazine / dééthylatrazine / bande herbeuse / bougie poreuse / solution du sol
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1. INTRODUCTION examine field conditions controlling this phenomenon,

and (2) to evaluate the impact of leaching under VFS on
Vegetative filter strips (VFS) are a proven means of groundwater.

reducing runoff and subsequent contamination of surface

water. Numerous researchers have demonstrated the

effectiveness of VFS in removing sediments in suspen-2. MATERIALS AND METHODS

sion and in reducing minerals and organic chemicals

transported in solution with runoff water. Among the 2.1. Field experiment

mechanisms affecting VFS performance, deposition of

sediments and sediment-bound contaminants and infil- 1o study was carried out in northeastern France from
tration of water and solutes have been suggested to bggg97 10 1999 on a farm plot cropped each year with
the most important [6, 13, 18, 20]. It was shown in par- paize The soil on the site is a silt loam; soil physico-

ticular that VFS efficiency in herbicide removal was cpemical properties are given in Table I. Five rectangular
mainly due to the infiltration of the runoff water into the plots were marked out on a 4% slope with their longer
sail [1, 10, 14]. sides parallel to the axis of maximum slope. Each area of
Herbicides classified as weakly to moderately runoff (50 by 4.8 m) was delimited with 25 cm high

adsorbed on the soil particles are mostly transported inplastic borders driven 10 cm deep into the soil. The 20 m
solution in runoff water, and concentrations are higher wide vegetative filter strip was installed on a zone of 2%
when rainfall events occur soon after herbicide applica-slope at the base of the plots. A 4.8 m long gutter was
tion [24]. Vegetative filter strips installed down-slope, installed on 4 plots in the VFS at 0, 6, 12 and 18 m from
by changing the flow hydraulics, may increase the the edge of the maize plot to collect the runoff effluents.
opportunity for infiltration in large pores, particularly in  Each runoff collector was connected by a PVC pipe to a
the presence of surface ponding water (bypass flow).1000 L tank placed down-slope in the soil (Fig. 1). After
Preferential flow is assumed to transport pesticidesa runoff event, the effluent was quantified, agitated and a
rapidly and deeply in the soil via macropores, especia

when high rates of water inflow occur. These conditior

may enhance the opportunity for leaching of incomin Soil plug
pesticides removed from runoff by VFS. On the othe Aluminium fing

hand, the upper layer of grassland soils has a high org N

ic matter content, mainly as non decomposed materic _ Porous ceramic cup—__——*

and an active microbial biomass; consequently tf i Runoff colector  Coecior ank | Undsubed | Teflon
adsorption and biodegradation of pesticides may | X ! e
increased [2]. The efficiency of VFS in preventing pest A = N
cides from being leached has apparently not yet be s m imnanaic)

studied, though it could represent a significant aspect
the VFS’s protecting effect on water quality.

4.80m
-~

The study presented here was conducted under natt
rainfall conditions. The leaching of atrazine and DE/ \/ Pl
(deethylatrazine) transported in runoff water and trapp plasic Perous cup sampling zone
in a VFS installed down-slope from a maize plot wa — Fedaea ——»e— S,
monitored with suction lysimeters (porous cups) inserte
in the soil. The objectives of the study were: (1) t

describe pesticide leaching under the grass strip a...Figure 1.Field layout of the VFS experimental site.

1.50 m

— .

Table |. Main soil characteristics.

Clay Fine silt Coarse silt Finesand Coarse sand OM Tot. carbonate pH  Bulk density
gkt ggnr3
0-30cm 206 353 408 12 7 15 trace 6.7 1.45
60-90 cm 236 368 384 7 0 5 trace - 1.5

120-140 cm 155 378 440 13 11 3 230 - 15
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2 L sample was taken from each tank. The tanks wereevapotranspiration (PET). In 1997 only the rainfall
emptied after each runoff event. The water samples werdamount and intensity) was monitored in situ: PET val-
frozen after collection and stored until the end of the ues provided by the nearest meteorological station
growing season before analysis. (22 km away) were used. Infiltration at the top of the

The ceramic porous cups, 1 bar high flow, 95.9 mm VFES plot was determined for each runoff event from

long and 31.0 mm outside diameter (SDEC, France),the inflow volumes measured at 0, 6, 12 and 18 m in the

were plugged with an epoxy resin adhesive. They Werestrip, assuming that they decreased linearly in the grass.

: ; . - The STICS model [3] was used to predict the water flux
installed in the fifth plot in November 1996 under the - .
edge of the VFS, down a 1.5 m wide runoff area delimit- draining out of the soil at 120 cm under the VFS. STICS

ed by plastic borders as shown in Figure 1. After removy-'S & Model simulating the growth and development of the
ing the vegetative layer, a trench was dug in the soil anocroFt) andPthe watter andf rgt#gesn ba(ljar}ce of th%_smtl—cdrotp
six porous cups were inserted 25 cm into the soil andSYS!€M. Farameters o moael were adjusted to

sloped downwards at an angle of approximately 10° atexperimental conditions by fitting simulation results to
60 and 120 cm depth. They were installed in an alternat.'€asurements of soil water storage in 1997.
ing arrangement so that the soil profile above each lower

porous cup was undisturbed. The average horizontal dis- _
tance between porous cups was 25 cm. The trench waé-2- Analytical procedures

then refilled before putting back the vegetative layer.

Each porous cup was connected by one Teflon tube \Water samples collected by the porous cups were
(0 2 mm) to a 2 L glass container placed on the soil sur-Stored at 4—6 °C for a maximum of one week before

face, so that the soil solution extracted was continuouslye*traction and analysis. Sediments in the runoff effluents
removed from the ceramic cup. 65 kPa suction wasWere removed by centrifugation. Water samples were
applied to the container after the main runoff and/or rain €xtracted using SPE cartridges LiCholut RP 18 (500 mg)
events for collecting the soil solution. The soil solution Merck. The extracted volume varied from 100 to 500 mL
sampling was repeated when possible each week. Thé€pending on the sample size. The cartridge was eluted
water volume sampled from the porous cups varied up towith 2 mL methanol. The extraction recoveries ranged
a maximum of 1200 mL depending on soil moisture con- from 88 to 112% for atrazine and 100 to 114% for DEA.
ditions. Generally no solution was extracted when the Concentrations of atrazine and DEA in the extract
soil moisture was less than 85% of the water retentionwere determined using a Waters HPLC system equipped
capacity. Soil solution samples were analyzed when thewith a UV detector at 220 nm. The compounds were sep-
volume collected exceeded 100 mL. Statistical analysisarated on a Nucleosil 120 10 C18 (10 pum, 2306 mm)
was therefore carried out with at most six replicates atcolumn by using a flow rate of 1.5 min1. The
60 cm and five replicates at 120 cm because one porousnobile phase was a mixture of water and acetonitrile in
cup ceased to work a few months after installation. linear gradient varying over 22 minutes from 90-10
; . - : (vol./vol.) at the start of the run to 35-65 at the end [22].
The vegetative filter strip was sown in September The injection volume was 50 L. The detection limit of

1996. It was mown 4 or 5 times each year. The average . L :
strip vegetation was (in 2000) 80% ryegrakeliim atrazine and DEA determination by HPLC in the extract

’ . L TR
perennel.) and 20% white cloverTgifolium repend..). was 0.025 pgnL=; the corresponding detection limit in

: : : : he water sample was dependent on the extracted vol-
The main cropping operations applied each year on the i 3
maize plot are presented in Table II. ume: 0.1 pg=for a 500 mL. sample.

The soil water content was measured with a neutron
probe in an access tube set close to the porous cup areg. RESULTS AND DISCUSSION
Measurements were made to a depth of 1.2 m in 10 cm
increments. The water content of the 10 cm surface laye.1. Atrazine and DEA in soil solution
was determined by gravimetric sampling. The water
holding capacity was estimated for each 10 cm layer Perrin-Ganier et al. [16] showed in a laboratory test
from the average of five measurements of the soil waterthat, when collecting an atrazine solution using porous
content during winter (1997-98) a few days after rainfall cups, a decrease in the pesticide concentration in the
events. The bulk density was determined using cylindri- extracted water was observed only in the first 10 milli-
cal metal core samplers driven horizontally into the soil. liters collected. In view of the large volumes collected at
A Pulsia automated weather station (Pulsonic) waseach sampling date, the concentration of the extracted
installed in 1998 on the site to monitor the rainfall and solution was assumed to be close to that of the external
the climatic variables used to compute Penman potentiakolution. As soil solution sampling is generally carried
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Table Il. Maize cropping characteristics and main runoff events.

Tillage 5/11/96

1997

1/4

’ Fertilization NPK

8i4 kg ha™' : 100, 67, 83

2/5 Maize planting
N fertilization
70kgha’

4/6 Herbicide application
Atrazine 1000 g ha™
Sulcotrione 300 g ha

216 @ 4

29/6
6/7

2017

24/7

1/8
1/9 ‘L
6/9

Maize harvest 27/10

*

Tillage 31/10/97

1/4

Tillage 15/11/98

1998 1999
14 m

Fertilization NPK
2114 {0 hat - 100, 67, 83

3/5 1=»|Maize planting

Fertilization NPK
kg ha : 100, 67, 83

Maize planting

Herbicide application
Atrazine 750 g ha™'

Metolachlor 670 g ha™ 26/5
Pendimethaline 800 g ha™'

Herbicide application
Atrazine 750 g ha™
Metolachlor 670 g ha™
Pendimethaline 660 g ha™

|N fertilization 70 kg ha™ |

1/8

Maize harvest 23/10

A
136 4 4 N fertilization
18/6 70 kg ha!
27/6 @
Main runoff events =

5/7 @
1017 @
13/7 @

178

7/8 ¢
2209 ¥

Maize harvest 27/10

runoff event between herbicide application and harvest

out at least several hours after rain events, porous cupbecause these values were close to the analytical detec-
extract mainly water weakly retained in the soil pores tion limit. Regardless of these values, the mean coeffi-
and its pollutant content is the result of partial solute cient of variation of atrazine concentration between
exchange between mobile and immobile (or weakly porous cups over 3 years was 57% at 60 cm depth and

mobile) water.

3.1.1. Spatial variability

Atrazine concentrations around 0.10ug in the soil

45% at 120 cm and tended to increase during concentra-
tion peaks. The CV of DEA concentration was lower,
35% and 28% at 60 cm and 120 cm respectively. The
variability of atrazine and DEA concentration in the soil
solution may result from the heterogeneity of water flow

solution generally exhibited high variability, probably in the soil as shown by studies using dyes [8] and also
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from the mobility of the chemicals in relation to reten- first sampling date. The maximum atrazine concentration
tion by soil components. The decrease in atrazine vari-appeared in the soil solution 15 days after the first runoff
ability with depth could be partly explained by the event (third sampling date) in 1997 and at the first sam-
decrease of soil organic matter content and the subsepling date in 1999. The soil water content was then close
quent increase in pesticide mobility. The higher mobility to field capacity. In 1998 the deficit was 53 mm after the
of DEA in comparison with atrazine [19] could result in first runoff event and remained greater than 30 mm till
its more homogeneous distribution in the soil solution.  the maize harvest. At 120 cm the concentration increase
was delayed for approximately one week, the maximum
3.1.2. Time trends being reached 1-3 months later. Similarly, the DEA con-
centration in the soil solution at 60 cm increased rapidly
As shown in Figure 2, the atrazine concentration in &ft€" the first runoff event but at a lower rate than
the soil solution under the VFS at the beginning of the atrazine, the maximum occurring apprommat.ely one
experiment was low at 60 cm depth and slightly higher atmOnth 'a“?f- A s.h_arp_peak c_)f DEA concentration was
120 cm; it remained nearly constant or slowly decreasing()bser\.’ed in addition lmmedlatgly after the first runoff
before the first runoff events. The same trends wereSVentin 1999. At 120 cm, DEA increase was spread over
observed for DEA with still higher values. The concen- 1 to 4 months.
tration of atrazine and DEA measured in the soil solution In 1997 and 1999 under VFS, the rapid increase in

could be due to migration and persistence of preV'Ousatrazine concentration in the soil solution at 60 cm after

herbicide applications on maize. the first runoff event could be the consequence of prefer-
In 1997 and 1999, the atrazine concentration at 60 cmential transport, since atrazine moved deeper than
increased immediately after the first runoff event. The expected. In 1997, no DEA peak was observed, probably
total amounts of water (rainfall plus runoff effluent) because of the similarity between DEA concentrations in
removed by the VFS during the first runoff event did not runoff effluents and in the soil solution at 60 cm (Fig. 4).
replenish the soil water deficit which was 42 mm and The sharp peak of DEA occurring in 1999 may be attrib-
9 mm in 1997 and 1999 respectively at the end of theuted to preferential transport, as the DEA concentration

60 cm
it i e
i it
L L

L
:i:uhi: { L it
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I L
H l!l”.-nulr 0
i
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I
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1||nl|
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1]

e il |}l|!!“1| e
W ||‘n’|l.||l!"I PR i
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5
E’ 120 cm
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53 ['IIL'II' A l ::"iili."...;””:;;;;:; Figure 2. Variation of atrazine and
B, il nj' ittt ::I!,’:i,[:;mm I DEA concentration in the soil solu-
S i ST i i“:iiEHH:” tion under the VFS (arrow = atrazine
‘co’ 1Tt i wq iit application; rectangle = period of
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in runoff effluents was much higher than in the soil solu- October was consistent with the declining trend observed
tion at 60 cm before the first infiltration event. Despite after the maximum reached in 1997. At 120 cm however
the lack of water sampling due to low soil moisture from DEA concentration rose during the summer: a similar
mid-June to October 1998, it can be reasonably assumettend was observed for atrazine but to a lesser extent
that pesticide migration after runoff events had not (Fig. 2). The increase in DEA concentration in the soil
reached 60 cm depth, because no release of DEA wasolution observed at 120 cm in summer 1998 could not
observed at the end of summer as in 1997 and 199%e explained as the result of leaching from upper soil
when pesticide was transported below 60 cm. The infil- layers since no drainage occurred during this period
tration depth of preferential flow seemed to be influ- (Fig. 3). Previous investigations showed that a fraction
enced by the water deficit after the infiltration event. On of bound residues of pesticide and metabolites could be
the other hand, the pattern of inflow plus rainfall during released [9, 17] and become available in the soil solu-
the runoff events may probably also be involved. tion. However, bound residues are mainly formed in the

At 120 cm the atrazine peak was reached 1-2 monthd!PPer soil layer. Though the VES plot was previously
later than at 60 cm. This delay is not consistent with theCroPPed with maize and treated regularly with atrazine
hypothesis of preferential transport for pesticide. It may fOr at least 10 years, the accumulation of bound residues
therefore be assumed that only a very limited number of2Y 1€aching would perhaps not be sufficient to release

preferential flows penetrated up to 120 cm in the soil; the "€ etlms)é'r&ts of DEf‘ ?jeagured at 120 cm (ijnbmt” expetﬂ-
response delay would represent the time for atrazine td"€"" concentration increase occurred between the

reach the solution collecting points by diffusion, by €nd Of the spring draining period and the start of the next
water migration down moist%rg gradieynts or with th){a one in fall 1998. This increase could be interpreted as the
water flow generated by the partial vacuum applied in restult Of.t?] shl_ov;/] d'fgjéfn of DE’tA‘ ftr_om ;‘hih'mmc’b'll(?
the porous cups. The diffusion capacity of atrazine in the'Vat€r With nigher concentration to the weaxly
soil solution is not well known at present. Results '€ainéd water extracted by porous cups. This phenome-
obtained under experimental conditions rather similar to ngn unld l;.c)eDEKenuat(.—:id at 60 cm by m(()jr(; dlrastlc
ours showed that the radius of influence of porous cups® ?oerort] Ot on solil organic matter and by lower
for water flow was approximately 20 cm [27]. water content.

In 1998 the soil water content at 60 cm was low  The maximum DEA concentration occurred at the end
(Fig. 3) and no soil solution was collected at 60 cm depthof atrazine decline, except at 120 cm in 1999.
in the porous cups after the runoff events up to the end ofConcentration curves in 1997 and 1999 at 60 cm may be
summer. Atrazine concentration remained very low overrelated to the fact that DEA is one of the degradation
the year in the soil solution and DEA concentration in products of atrazine.

500 - :
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. trazi licati
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250 . ; . . . 15 and measured soil water storage in
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Jan97 Jul97 Jan 98 Jul 98 Jan 99 Jul 99 Jan 00 (O m).
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3.1.3. Dissipation rate incubation mainly to lower formation of residues bound
to soil organic matter and to reduction of biodegradation.
Half-life dissipation was estimated by fitting the In our experiment, dissipation half-life for DEA was sig-
decreasing curves of atrazine and DEA concentration innificantly higher than for atrazine at 60 cm. Only a few
the soil solution collected by each porous cup to a firstreferences report on DEA persistence in the soil. Kruger
order kinetic. Estimates were made in 1997 on concen-€t al. [12] found no differences in the degradation rate
tration curves obtained at 60 and 120 cm in one year foPetween atrazine and DEA. Similar conclusions were
atrazine and in two years for DEA; the data of the drawn from results reported by Winkelmann and Klaine
increased concentration observed for DEA at 120 cm[25, 26]. Differences in plant uptake between atrazine
during summer in 1998 were discarded. In 1999, only and DEA were not relevant to explaining the half-life
the estimation of atrazine half-life at 60 cm was possible, differences. The longer persistence of DEA in the soil
because the dissipation process was still not finished forsolution at 60 cm could be attributed to a lower capacity
atrazine at 120 cm and for DEA at 60 and 120 cm. Theto form bound residues. Capriel et al. [4] reported that
mean half-life and standard deviation for atrazine dissi-atrazine was present to a greater extent than DEA in
pation was 19 d (SD = 7 d) at 60 cm and 85 d (SD =bound residues, but most studies suggested that DEA
49 d) at 120 cm; DEA values were higher and similar at Produced more or equal amounts of nonextractable
both depths: 148 d (SD = 48 d) and 150 d (SD = 37 d)re3|dues.than atrazine [15, 19, 25, 25]. Ano_ther possible
respectively. explanation could be that the DEA dissipation rate was
o . o . underestimated as a result of real DEA disappearance
Dissipation of atrazine and metabolites in the soil are plus DEA formation as a metabolite of atrazine degrada-

generally attributed to the formation of bound residues, tjon and equilibrium processes between concentrations in
biological and chemical degradation, plant uptake, diffu- j;nmobile and in weakly mobile soil water.

sion in the soil water and possibly leaching. Half-life for

atrazine dissipation in the soil cited in the literature var- . . .

ied widely according to experimental conditions. The 3-1-4. Fall in concentration with depth

values obtained in this study are consistent with values

reported in databases [23]. The increase in atrazine half- Concentrations of atrazine and DEA in the runoff
life at 120 cm may be related to the variation with depth effluents are presented in Figure 4. The fall in atrazine
of the factors controlling the disappearance of the pesti-concentration with depth was calculated by the ratio R
cide in the soil: soil organic matter and clay content, soil between maximum concentration in the soil solution at
pH, microbial biomass and root density. Kruger et al. 60 cm and in the effluents during the first runoff events.
[11, 12] attributed shorter persistence of atrazine inln 1997 (20/6-23/7), R varied from 3 to 40%, according
upper soil layers in comparison with subsurface soil afterto the porous cup position. From 14/6 to 8/7 1999,
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atrazine concentration in the soil solution at 60 cm was 3they were above average. Runoff events were observed

to 19% of the concentration in the runoff water. Edwards more frequently in late spring and in summer and

et al. [7] reported a similar reduction for atrazine concen-accounted for approximately 2% of the rainfall. These

tration measured directly at 45 cm in the solution flow- events however carried substantial amounts of water into

ing in earthworm and artificial burrows. In a similar the VFS and caused extra infiltration ranging from 4% to

experiment Stehouwer et al. [21] found less attenuation.11% of the rainfall. Annual drainage estimated by

Results however seem to be strongly dependent orSTICS model occurred, as expected, mainly outside

experimental conditions and on the methods used fortimes of crop growth. Water losses by drainage during

sampling soil solution. During preferential flow, atrazine the growing season were limited in1997 and 1999 or

concentrations in the soil solution collected by porous absent in 1998.

cups would underestimate those in water moving rapidly

in the macropores. One reason is that atrazine concentra3.2.2. Estimation of atrazine and DEA losses

tion in the soil solution collected by porous cups is the by leaching

result of water dispersion in micropores and possibly of

atrazine diffusion from mobile water into weakly Leaching of atrazine and DEA were estimated from

retained water. A second is that porous cups, owing toconcentrations in the soil water collected via porous cups

their radius of influence, may collect water in areas with at 120 cm and from water losses by drainage as calculat-

various degrees of contamination by chemicals. ed by the STICS model. As shown previously in this
paper, there was only a low probability of preferential
flow reaching 120 cm in the soil; chemicals might there-

3.2. Estimation of atrazine and DEA leaching fore be transported by piston flow in water moving slow-
o _ ly in fine pores. On the other hand, the greater mobility
3.2.1. Estimation of drainage and persistence of atrazine and DEA at this depth sug-

gests that an equilibrium of solute concentration might

Hydraulic data collected on the VFS plot are present-become established between mobile and quasi-immobile
ed in Table lll. Annual rainfall amounts were similar in water. Nevertheless, a negative or positive bias, accord-
1997 and 1998 and lower than normal, whereas in 1999ng to environmental conditions, cannot be excluded.

Table Ill. Hydrologic analysis and pesticide leaching estimated at the top of the VFS plot.

Rainfalll Runoft Inflow? Drainagé Leaching
infiltration atrazine DEA
mm mgha?!
1997
before atrazine application 265 5 26 105 1460 2580
during maize growth 360 8 56 9 100 210
after harvest 193 1 5 82 490 1310
over all year 818 14 87 196 2050 4100
1998
before atrazine application 240 1 6 99 410 1480
during maize growth 423 5 27 0 0 0
after harvest 193 11 25 118 240 1320
over all year 856 17 58 217 650 2800
1999
before atrazine application 409 3 5 197 270 730
during maize growth 442 20 31 12 60 60
after harvest 226 1 3 199 2580 5960
over all year 1078 24 39 408 2910 6750

1 runoff expressed as mm over source area (0 m collector).

2 runoff volume removed by VFS, converted to mm taking into account decrease in the grass strip.

3 drainage calculated by STICS model.

4leaching estimated from drainage volume and chemical concentration in the soil solution at 120 cm.
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The leaching amounts calculated are proposed as being Atrazine and DEA leaching under a VFS seems to be
within an order of magnitude. dependent on the annual water balance sheet. Weather
conditions with a small water surplus may reduce pesti-
: . ; cide leaching under a VFS owing to the limited amounts
by leaching under VIS. This was due to the higher CON“of water draining and to the greater delay occurring

centration of DEA in the soil solution becau;e of its per- before the start of drainage. Another determining factor
sistence at 120 cm. Annual losses of atrazine plus DEA

ranged from 3400 nifa to 9600 mahal, however, controlling pesticide leaching under VFS would be the

it of th leachin ticides wer lied more th initial soil dryness at the start of runoff events; it may be
part of these leaching pesticides were applied more an, o556 by ensuring optimal growing conditions for the
one year ago. These results may be due to the weath rass strip
conditions on the experimental site, with rainfall exceed- '
ing potential evapotranspiration and subsequent drainage Acknowledgments: This work was financially supported
accentuated by water inflow as runoff effluent onto the by the Alsace Regional Council, the Haut-Rhin General
grass strip. It has been shown in a previous Iysimetercounc": the Cereal and Oilseed Producer Association of the

; ; ; ; Haut-Rhin (APCO) and the Protection against Crop Pest

experiment that, owing to the persistence of DEA in the ; S
subsoil, intensive irrigation led to large and prolonged Redional Association (FREDECA). We thank J.-L. Meyer and

. - . . G. Schwab for technical assistance in the field, C. Schneider, F.
losses of DEA by leaching [5]. Despite high atrazine andTourrel and D. Hartmann for analysis and R. Trendel for model

DEA concentrations in the soil solution during maize cajcylation. Thanks are also due to D. Lasserre and M.

growth, losses by leaching in summer remained limited Remuaux of the Technical Institute for Cereals and Forage

(0 to 5% of the annual losses). (ITCF) for runoff measurements and R. Koller of the
Agronomy Improvement Association in Alsace (ARAA).

Approximately half as much atrazine as DEA was lost
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