Comparing PELMO and MACRO results with herbicide percolation measurements in three sites of the lower Padana Plane
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Introduction

The Rurdl Development Plan of the Emilia-Romagna Region,
ensiing EC Regulation 1257/99, defines the objectives for
Integrated Production Plans in the Region. Particularly, it is stated
that crop protection shall be carried out only by choosing, anong
equivalent pesticides, those that minimize the risk for human
health and environment. In the above framework, and also on the
basis of the EC Directive 414/91 concerning the placing of plant
protection products on the market, in 2002 the Region has Started
the updating of its Integrated Production Plans, and is currently
reclassifying an the relevant pesticides, according to  their
In this context
the PELMO modﬁ was applied to more than 100 chemicals and
metabolites currently employed on two important crops of the

Experimental fields, crops, soils and hydrological properties

The experiment was carried out on three maize cultivated fields, belonging to farms with soil features and
management practices representative of widespread soenarios of the region (see Tables 1 and 2). Sl
preparation was carried out on the previous autumn by ploughing, clod breaking and harrowing. Crop growth
stages are reported on Table 3. Threefold specimens of the principal horizons were collected in al soils and Bologna
analyzed to obtain the hydrological parameters necessary to the simulation. Two pedotransfer functions (PTFS)
were also considered, mainly for purpose of comparison: the in-built Macro5.0 PTF and a specific PTF worked

PTF predictions are consistent in most cases (see Fig. 1). Other noteble features of the soils are the bimodal
pore size distibution of the sandy soil (C.U.M.) and the large cracks, over two meters deep, which form during
summer in the clayey soil (11 Raccolto), providing a direct access to the water table.
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TCocation

Site management

Soil type

Farm: C.UM.
Province of Ferraral

(sandy sofl typical of sand
deposits of the coastal plain

Lateral irmgation flow from diches raises.
the water table during crop growth up to
40 cm below surface

Farm: Zeccardi
Province of

medium textured Soi (ypical of | Drains at 1 m depth, 30 m apart diiches.
the levee, generally located |2 m deep. No imigation. Water table
along the principal ivers oscillating between

>200 cm in summer

cm in winter and

out on the soils of the Emilia-Romagna Region (SINA). The measured water characteristic functions and the Bologna_

Farm: Il Raccolio
Province of

fine textured soil with high | Lateral ditches. No irrigation. Water table
content in swelling clay, lypical | always below bottom of soil profile.
interfluvial basins

Region (pear and sugar beet), to assess the potential movement to
groundwater across the nine most widespread soil tipologies.
However, an important feature of the Region is that many
agricultural areas are endowed with fine texture, low matric
conductivity soils where preferential flow is important. In these
cases the MACRO model i probably to be preferred, in order to
evaluate the role of solute transport through macropores.

The aim of the present work is to evaluate the perfomance of
MACRO in prediicting the percolation of two commonly employed

herbicides through three soils with distinct features: afine textured
soil with high content of swelling clay, a sandy soil and an
intermediate case. The resits were compared to soil core
concentration measurements carried out in 2004 in three maize
cropped fields. The relevant hydrological properties were deduced
from laboratory measurements on soil specimens; no calibration of
the parameteres was attempted. Simulations were performed also
with PELMO, for purpose of comparison.

Brooks & Corey

Emilia-Romagna_stretches over the
lower Padana Plane and is bounded
by the Po river (north) and the
Appennini mountains (south)

Macro: simulation of irrigation and water table oscillation

C.UM.: during summer, irrigation i made by seepage from lateral ditches, by opening the
locks upstream to raise the water table up to 40 cm below soil surface. This feature was
simulated applying the 4.3b version of Macro, that allows to define an ascending flow from
the soil bottom during the proper period (CHAPAR -> BGRAD<0) (Fig. 3a). Zeccard: in
this case the water table level is controlled by drains, 1 m deep 30 m apart, and lateral ditches
2'm deep. When these features were inserted into Macro 5.0, and adopting the maximun
allowed value for BGRAD, the resiiting water table was rather higher than the level
messured during the period relevant to the exp (Fig. 3b). preferred to carry
out the simulation using a unitary gradient condition at soil bottom. 11 Raccolto: the water
table is always below the soil bottom, hence the simulation was carried out with Macro 5.0
and aunitary gradient t soil bottom.
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Treatments. Soil sampling and analysis
Terbuthylazine (N2-ter-Busthyl-6- chioro-N*-ethyl-1,35-tiazine-24-diamine - henceforth eferred t0 as
dide)

TBA) and hyl —sMet) are
two herbicides widely employed in maize culnvancn Dmhyhevbumylazme (DTBA) is known to be
TBA's most important metabolite. The chemodynamic parameters adopted for the simulation are
reported in Table:3. According o the Groundvater Ubiguity Score (GUS —1ast colurnin Table 3), TBA
and DTBA can babl hers and sMet as a A single treatment was
carried out on sunswuh anagran Gum 4 Liha, corresponding to 0.75 kg/ha of TBA and 1.25 kg/ha
of sMet. The appl two cases (C.U.M. and Zeccardi) and one
month after emergence in lhe third (11 Raccolto). Samples were collected at five depths and five dates
(six in one case) in the period from one day to one year after the application. In order to avoid cross

of thefirst two | (0-5 and 5-15 cm) was done by digging to the desired
depths. Each one of the deeper sampleswas extacted by a carefully cleaned hand auger and had its upper
surface scraped off. Five replicates of each sample were taken and then mixed together. Preparation for
GCMS or LCMS andlysis was carried out in the following way: weighing of 100 g; extraction with 200
ml of amixture of n-hexane, acetone and dichloromethane 1:1:1; 30" ultrasonic bath; filtration; vaccum
concentration to dryness; dissolution with 5 ml of acetone. All soils were also analysed before the
application to check that no residues of the th Teft from pr

Table 1 - Description of the experimenal soils

Zeccardi | Il Raccolto

Sowing 104 ER) )
Emergence 264 104 104
Maimum lea area 27
Harvest 70 209 238
Table 3~ Datesof e principal growth siages; year 2001,

Meteorological data

Meteorological datafor the quadrants where the farms are located
were provided by the Regiona Meteorological Service. The
potential evapotranspiration was obtained by means of the
Hargreeves expression:
: R (T
£ =00 A s,
where R(6,1) is the astronomical radiation at the relevant |atitude
and ddte In the period Apil o October 2004 the daly
ed also at sites.
As evident in Fig. 2, the evapotranspiration rate overwhelms
precipitation over most of the maize growing period.

Fig 2 Monthly precipitation and actual ET
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Macro: soil moisture and water fluxes

The matric potential variation in the three soil profiles are reported in Fig 4; the difference
between the irrigated soil (C.U.M.) and the two non irrigated soils is striking. In Fig 5 Macro
resilts are compared to the moisture profiles measured in the soil cores. Fig. 6 shows the
overall water fluxes computed for the three soils; macropore flow isimportant in both the silty
loam and the silty clay soil. The huge runoff over the lowest permeability soil (11 Raccolto) is
probably an overestimation, in view of the perfect flatness of the fields in the area and of the
high air humidity for long periods of the year. However the percolation results should not be
greatly affected, since most of the predicted runoff eventsfall outside the experiment period.
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Fig 4 Matric potential variations in 2004 (Macro results). Deep red = wilting poir

- deep blue = micropore saturation.

7. Results and conclusion

The experimentdl and simulation results for the three chemicals are summarized in Figs. 7-9. Each figure shows the
concentration profiles of the three fields, a all sampling dates. In all the first sampling was done the day after the
treatment. Watching the figuresit can be observed that:

- Pelmo and Macro results are generally consistent with each other;

- concentration 24 h afier application: only the surface layer (0-5 cm) was sampled. In all cases TBA and sMet concentrations
are remarkably lower than predicted by the models, suggesting that the chemicals penetrated deeper than 5 cm during the
application;

- C.UM.; TBA and sMet: with the exception of the first sampling date, the agreement between measures and simulations is
satisfactory;

- Zeccardi and 11 Raccolto; mobility of TBA and sMet: in these fields the percolation seems to be faster than predicted by the
models. As an example it can be noted that 51 days after treatment both chemicals had reached the 40-60 cm layer of the
Zeccardi oil, ling to percolation should beyond the first 15 cm;

- Zeceardi and II Raccolto; persistence of TBA and sMet: while the TBA disappearance rate was consistent with its half life (101
d), sMet showed a surprising persistence in the two fine textured soils (Zeccardi and Il Raccolto), if compared to its short half
life (17.4 d). I fact sMet was detected in these soils even on the last sampling date, one year after the treatment;

- DTBA: al the experimental results shown in Fig 9 are ramarkably different from what expected on the basis of the TBA and
DTBA degradation rates, and seem to indicate a bimodal accumulation kinetics for this metabolite. In fact a period when the
formation was faster than predictable, lasting until June or July, is followed by a drop to lower than expected concentrations
(samples of September 04 and March 05).
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