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Behaviour of !#C-metalaxyl in Brazilian soils.

Resumo. Estudou-se em laboratdrio o comportamento do
14 C-metalaxyl em trés tipos de solos brasileiros (Gley Hd-
mico, Latossolo Roxo e Latossolo Vermelho Escuro}). O
14C.metalaxyl apresenta alta mobilidade nas trés cromato-
grafias de solo e baixos coeficientes de sorcao, mesmo em
solos com alto teor de matéria organica {Gley Humico e
Latossolo Roxo) e foi persistente nos trés solos pelo periodo
estudado de 8 meses. A degradacao do metalaxyl no solo
Latossolo Roxo correspondeu apds esse tempo a 29% ,
representada por um metabolito nao identificado detectado
pela cromatografia em camada delgada. A populag%o bacte-
riana foi maior no Latossolo Roxo e provavelmente asso-
ciada a esse processo de degradac’éo

Metalaxyl is a new systemic fungicide (CGA
48988) (DL-methyl-N (2, 6-dimethyl-phenyl)
-N-(2-methoxyacetyl) alaninate) with specific
activity against pathogens belonging to the order
Peronosporales (1, 2, 6, 7). The systemic activity
of metalaxyl in azalea by applying it to the soil has
been demonstrated (1). The structure of systemic
fungicides applied to the soil can be altered by

chemical breakdown process and by action of the
microorganisms. Also uptake of fungicides by plants
from the soil can be very inefficient if there is a
tight adsorption of the fungicide to the soil.

The purpose of this investigation was to obtain
information on the behaviour of this new compound
when applied to samples of Brazilian soils.

Materials and methods
Chemicals

Metalaxyl WP 25 was provided by Ciba Geigy,
Brazil and '*C-metalaxyl by Ciba Geigy, Basel,
Switzerland. The !*C-metalaxyl uniformly ring
labelled had a specific activity of 46.5 uCi/mg.

Soils

The three soil types used, consisted of Humic
Gley, Red Latosol and Dark Red Latosol, differing
in their properties (Table 1). Ten gram samples of
each dried soil were added to wide necked screw
capped jars, followed by addition of water to 2/3
field capacity. A week after, 1.0 ml of a mixture
of '#Cring labelled metalaxyl (140.000 dpm/ml)
and unlabelled metalaxyl (10 ppm) in acetone, was
added on each soil sample. During the test, water
was added periodically to maintain the moisture
content of the soil. This was achieved by monthly
quantity of distilled water to attain the desired soil
water content. Duplicate samples of each soil were
incubated at 20 — 25°C and the entire flasks content
were extracted at monthly intervals over an 8-month
period.

Extraction of ! # C-metalaxyl

Each sample was extracted with 50 ml of
methanol, by shaking the mixture for 4 hr. When
necessary a sequence of two extractions with
methanol was realized. The soil was separated by

Table 1.  Properties of the soils
' Microbial population after 8 months
Soil Organic matter Clay Sand pH (g of soil) 10°
Type %) %) %) Bacteria Fungi
Humic Gley 4.3 32 57 5.7 34 4.7
Red Latosol 3.8 7.72 62 5.3 136.7 6.7
Dark Red Latosol 2.0 63 24 4.8 114 1.7
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allowing to stand overnight. The extracted products
in methanol were quantified by scintillation counting
and thin-layer chromatography.

Scintillation counting

A Nuciear Chicago Liquid Scintillation Spectro-
meter, model Mark 1, was used for counting. Aliquots
of each sample were transferred to scintillator vials,
and after evaporation of methanol the scintiilation
counting solution was added (5). Recovery of '*C-
metalaxyl is presented as percent '*C representing
the '*C recovered on each extraction over the
Y4 Cometalaxyl added

Thin-layer chromatography (tlc)

Silica gel thin-layer plates (Merck F 256} were
used for separation of extracted samples: 10 ml
samples of soil extracts were concentrated and
spotted on the plates, developed in the solvent
systems either benzene:ether (BE){(50:50) or acetone:
ether: acetic acid (Ace Eth AcoHM) (79:20:1). '9C-
metalaxyl was chromatographed at the same time
as reference.

After drying, the plates were exposed to X-ray
films. The amount of degradation was determined
by dividing the plates in 1 cm zones, scraping the
silica into scintillation vials and assaying by scintilla-
tion counting (4)

Values were calculated as percent degradation
representing the dpm per spot over the sum of dpm’s
in the plates.

Combustion technique

Residues of 'YC-metalaxyl, together with any
19 C-labelled degradation products in the soils not
recovered after a sequence of two extractions by
methanol, were determined by soil combustion (8).

Adsorption experiment

'* C-metalaxyl solution (10 ml=72.5 ug)in 0.01 M
calcium chloride was added to air dried soils (1.0 g)
in wide necked screw capped jars. After shaking for
4 hr the soil was allowed to stand, and 1.0 ml aliquot
of the supernatant solution taken for '*C assay. The
soil/water distribution coefficient (K} was calculated
as concentration on soil {dpm/g) over the equilibrium
solution concentration (dpm/ml).

Soil thin-layer chromatography

Mobility of the fungicide in the soils was
determined by soil tic technigues, and '* C-metalaxyl
in the plates was located by autoradiography (3, 4)

Soil microbial population

Soil microorganisms were enumerated at the end
of the study by socil dilution Seil dilutions were
plated in triplicate on Czapek-Dox medium agar, and
the plates incubated at 28°C for one week. The
Czapek-Dox medium consisted of (gfl}: saccharose:
30, NaNoj: 3, KoHPO,: | MpSO, - 7TH,0: 05,
KCI 0.5, FeSO, 7H,0:0.1 and agar 15 Bacteria

Table 2. Recovery of radiocarbon (%) from soils treated with ! *C-metalaxy!
. Methods for Time (days)
Soil determining

Type radioactivity 0 30 60 90 120 150 210 240
1% Extraction 95 92 71 72 47 62 75 66
Humid Gley 2™ Extraction - . 27 24 12 15 10 13
Wet Combustion - - - - 21 17 14 11
Total 92 92 98 97 80 94 59 90
15! Extraction 92 82 56 62 47 51 55 55
Red Latosol 27 Extraction - - 30 33 13 11 15 14
Wet Combustion - - - - 35 26 25 18
Total 92 82 86 85 95 88 95 87
1% Extraction 95 95 69 70 51 66 73 67
Dark Red Latosol 279 Extraction - - 25 19 11 10 13 9
Wet Combustion - - - - 18 16 13 14
Total 95 95 94 89 80 92 99 86
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were counted after 3 days and fungi colonies after
7 days. Populations are expressed as colonies per
gram of soil.

Results and discussion

Recovery of metalaxyl from soils as a function of
incubation time is presented on Table 2. After a 30
days incubation of **C-metalaxy! in soils, one solvent
extraction was sufficient to recover most of the
radiocarbon added to the three soils, After 60 days
a second extraction of the samples with methanol
was necessary to recover the same amounis of radio-
carbon. As '?C-metalaxyl aged in the soils, it was
necessary to combust the samples to recover the
amount of radiocarbon not extracted by methanol
(Table 2). During the period of time from 120 to
240 days, values of radiocarbon adsorbed to the soils
and detected by wet combustion were in the range
of 10 to 30% . Red Latosel was the soil that showed
the higher percentage of radiocarbon not recovered
by the solvent and these amounts can be considered
as bound residues or degradation of metalaxyl to
mare polar compounds, not extracted by methanol
(Table 2). Comparing with results obtained in the
same  soils with a benzimidazole fungicide like
carbendazim (5) metalaxyl showed to be less
adsarbed to the soils and easily extracted by the
organic solvent.

Thin-layer chromatography of soil extracts showed
that most of the recovered radiocarbon chromato-
graphed was '*C-metalaxyl; however a metabolite

was detected in higher amounts in Red Latosol
extracis. The percentage of this meiabolite (Rf 0, 10
in BE), varied from 14+ in the 60 days to 29%in 240
days extracts (Table 3).

When this compound was eluted from plates
developed in BE, followed by further chromato-
graphy in Ace Eth AcoH the activity was located in
a zone of tlc at RF 03 to 04; ' C-metalaxyl had an
Rf 0.67 in this solvent. The second methanolic
extraction from soils incubated over an 8 month
period with *%C-metalaxyl showed after chromato-
graphy the same pattern of degradation, as assessed
by tlc.

Red Latosol supported a steady increase in the
degradation. This observation may be related with the
greater bacterial population noted in the Red Latosol
and therefore the reduced degradation in Dark Red
Latosol, a consequence of a much less active microbial
population (Table 1). Though in less amount this
metabolite is also detected in Humic Gley soil;
however the variation at each sampling time is
probably a consequence of the fluctuating microbial
population with time,

Sorption coefficients of '* C-metalaxyl in Humic
Giey, Red Latosol and Dark Red Latosol were
respectively of 0.80; 0.56 and 0.36. Sorption results
are in agreement with the high mobility of '*C-
metaiaxyl on soil thin-layers of Dark Red and Red
Latosol soils and to an intermediate mobility of the
fungicide on Humic Gley soils (Figure 1).

Table 3. Percent of matalaxyl and a metabolite detected in extracts from three soils incubated with ' * C-metalaxyl.

Days after treatment

Soil Type Compounds 30 60 90 120 210 240
. Metalaxyl 82 80 78 79 72 72
Humic
Gley
Metubolite 4.0 5.0 6.3 4.6 2.0 10
Metalaxyl 83 80 63 74 64 68
Red
Latosol .
Metabolite 6.7 14 17.4 126 13 29
Metataxyl
Dark Red etataxy 85 82 89 71 72 75
Latosol
Metabolite 2.0 5.5 51 5.3 3.4 4,2
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Fig 1. Movement of ' Cometalaxyl on soil thindayer plates

The data obtained in laboratory tests indicate a
persistence of '*C.metalaxyl in soils and therefore
its low sorption coefficients associated with its
systemic activity (2, 6) indicate a long term avail-
ability for the control of soil plant pathogens.
However, its low sorption coefficient and the high
mobility also indicated a facility for leaching, and this
must be considered in field applications

Over an 8-month period, only one metabolite
was detected from ring - labelled metalaxyl, indicat-
ing a high stability of the benzene ring to microbial
attack and that degradation in these soils proceeded
probably by hydrolization in the side chain of the
molecule.

Persistence of metalaxyl showed to be dependent
on soil type and the degradation process probably
associated with a bacterial population on soils.

Summary

Behaviour of '*C-metalaxyl in three types of
Brazilian soils (Humic Gley, Red Latosol and Dark
Red Latosol) was studied in the laboratory. Metalaxyl
had high mobility on the three soils thin-lavers
and fow sorption coefficients, even in soils with
high organic matter content (Humic Gley and Red
Latosol). Metalaxyl was persistent on the three soils
over an 8-month period. Depradation of metalaxyl
in Red Latosol was 29 percent after this time,
represented by a non identified metabaolite detected
by tlc analysis. Bacterial population was higher in
Red Latosol and probably associated with this
degradation process.
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