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Summary: Alloxydim is an herbicide marketed as the E-isomer
applied at early stages of grass weeds. In the field, sunlight and tempe-
rature can induce the isomerization reaction of E-alloxydim to form the
mixture of E and Z isomers. A bioassay has been performed to compare
the herbicidal activity of E-alloxydim and its corresponding E/Z isomeric
mixture in wheat plants. The IC_; values calculated from the root lengths
of wheat for E-alloxydim and alloxydim mixture were 0.37 and 0.70 mg
L%, respectively. The Z isomer of alloxydim in the isomeric mixture has no
phytotoxic effect on the wheat germination whereas E-alloxydim inhibited
the seed germination at low concentrations (from 0.0 to 4.0 mg L?).

Keywords: Degradation, cyclohexanodione oxime, isomerization, ger-
mination bioassay.

Resumen: Estudio fitotoxico de los isbmeros E/Z del herbicida
alloxidim en trigo. Aloxidim es un herbicida comercializado como el
isbmero E que se aplica en los estadios tempranos de las malas hierbas.
En el campo, la luz solar y la temperatura pueden inducir las reaccion de
isomerizacién de E-aloxidim para formar la mezcla de los isbmeros Ey Z.
Se ha llevado a cabo un bioensayo para comparar la actividad herbicida
de E-aloxydim y su correspondiente mezcla de isbmeros E/Z en trigo.
Los valores de IC_, calculados a partir de la longitud de raiz de trigo de
E-aloxidim y la mezcla 0,37 y 0,70 mg L?, respectivamente. El isbme-
ro Z-aloxidim en la mezcla isomérica no tiene efecto fitotdxico sobre la
germinacién de trigo, mientras que E- aloxidim inhibe la germinaciéon de
semillas a bajas concentraciones (de 0,0 a 4,0 mg L?).

Palabras clave: Degradacion, ciclohexanodiona oxima, isomerizacion,
bioensayo de germinacion.
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INTRODUCTION

The herbicide alloxydim is marketed in Japan as the E isomer for the
post-emergence control of gramineous weeds in sugar beet, vegetables
and other broadleaf crops. Once applied, this herbicide degradates to di-
fferent by-products under various environmental conditions. One of the
main reactions is a rapid isomerization to the Z isomer (Figure 1). In our
group, different studies have shown that E-isomer suffers isomerization
under different irradiation intensities and temperatures in environmental
waters in few minutes (Sevilla-Moran et al., 2008; Sandin-Espafa et al.
2013). The identification of the Z-isomer was performed by HPLC-QToF-
MS spectrometry (Sevilla-Moran et al., 2008). Nowadays, one of the major
challenges in environmental analytical chemistry is the identification of
unknown by-products of pesticides generated in different degradation pro-
cesses in the environment. This task is highly interesting since some of the
degradation products present different properties to the parent compound.
In fact, some of them have more persistence and/or toxicity/phytotoxicity
(Osano et al., 2002; Boxall, 2009). In the case of alloxydim, to the best of
our knowledge, there are no previous studies in the scientific literature on
the phytotoxic activity of the different isomers of alloxydim.

In the present work we compare the phytotoxic effects of the herbi-
cide alloxydim (E isomer) and its corresponding isomeric E/Z mixture in
wheat by means of seed germination bioassays. These studies are also
interesting in order increase knowledge on the efficacy and phytotoxicity
of different isomer of pesticides.

XN
o NV o ON
e
o~ O oo
E-alloxydim Z-alloxydim

Figure 1. Chemical structure of E-alloxydim and Z-alloxydim.

MATERIAL AND METHODS
Chemical reagents

The analytical standard of E-alloxydim was acquired from Dr. Ehrens-
torfer GmbH (Augsburg, Germany) (98% purity). As the Z-isomer was
not commercially available, it was obtained as a mixture of E/Z isomers
from E-alloxydim (see next section).

172



XV Congreso de la Sociedad Espariola de Malherbologia. Sevilla 2015

Ultrapure water was obtained from a Millipore system (Milli-Q-50 18
mQ) and MeOH (HPLC grade) were supplied by Labscan (Stillorgan, Co.,
Dublin, Ireland).

Obtaining of isomeric mixture of alloxydim

To obtain the mixture of E/Z, a thermic isomerization reaction of
E-alloxydim was performed as follows; a methanolic solution of E-alloxy-
dim (20 mg L) was exposed to 80 °C for 40 min in a thermostatic bath.
Thereafter, the solvent was removed with the use of a vacuum centrifuge
(Eppendorf AG, Hamburg, Germany) and the residue was dissolved in
the appropriate ultrapure water volume to obtain a final concentration of
20 mg L.

This procedure allows obtaining an E/Z alloxydim mixture with a ratio
of 42/58.

Seed germination bioassays

The study was conducted with a wheat species (Triticum aestivum L.
cv Castan) in a growth chamber with a cycle of 16 h of light (illumination
100 JE m2 s1) at 22 + 1 °C and 8 h of darkness at 16 + 1 °C.

Twenty-five seeds wheat were distributed in a Petri dish (13 cm diame-
ter) on double-layered Whatman No. 1 filter paper. The seeds were then
treated with 15 mL of either E-alloxydim or with E/Z alloxydim mixture at
ten different concentrations (0.0; 0.2; 0.4; 0.6; 0.8; 1.0; 1.2; 1.6; 2.0;
4.0 mg L?).

The experimental work followed a completely randomized design by to
replicates and appropriate control systems containing no herbicide (with
ultrapure water) were included in each experiment.

The effects of E-alloxydim and E/Z alloxydim mixture were measured
by the main germination parameters of the seeds (root length and co-
leoptile length) recorded 3 days after seeding. The ratio of E/Z alloxydim
was stable during the whole experiment.

Statistical analysis

The IC,, values (herbicide concentration required to cause a 50% in-
hibition of root growth) for alloxydim and E/Z alloxydim mixture were
determined by means of direct plots of root length vs. the concentration
of these compounds (Figure 2) assuming a non-linear regression given
by the log-logistic equation (Seefeldt et al., 1995). The equation of these
curves is:
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D-C

Y=C+ b[log(X )-log(ICs, )] (1)

l+e

where Y is the root length (cm), X is the herbicide concentration (mg
LY, D is the upper asymptote (maximum root growth of plants), C is the
lower asymptote (minimum root growth of plants), b is the slope of the
curve around the IC,, and IC, is the concentration giving 50% root len-
gth inhibition.
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RESULTS AND DISCUSSION

Root and coleoptile lengths were measured to evaluate the effects of
E-alloxydim and E/Z alloxydim mixture in the germination bioassays. The
root length of wheat was significantly affected at low concentrations of
E-alloxydim regarding the concentrations assayed (Figure 2a) and E/Z
alloxydim mixture (Figure 2b). Coleoptile was less sensitive to both com-
pounds, therefore only the effects on root lengths were considered.

2a 2b

Root length (cm)
Root length (cm)

[E -alloxydim] (mg L") [E/Z alloxydim mixture] (mg L")

Figure 2. Dose-response curves for E-alloxydim (a) and E/Z alloxydim mixture (b) from
seed germination bioassays for the root length of wheat.

The IC_, values calculated from the coleoptile length were higher
than those obtained from the root length, indicating that the roots of
the wheat specie Triticum aestivum L. cv Castan were more sensitive to
E-alloxydim and E/Z alloxydim mixture.

The log-logistic equations obtained from the experimental data are the
following:
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E-alloxydim E/Z alloxydim mixture
2.93-0.86 - 3,09-1,03
Y =086+ 1 + o7 loe(X)1og(037)] Y =103+ 1 4 e015{loz(X)-log(070)]
R2=77.52 R?=83.06

The IC, values calculated from the root lengths of wheat for E-alloxy-
dim and E/Z alloxydim mixture were 0.37 and 0.70 mg L?, respectively.
The data indicate that E/Z alloxydim mixture exert less phytotoxic effect
than E-alloxydim in the seed germination T. aestivum cv Castan. These
findings suggest that the Z isomer of alloxydim in the isomeric mixture
has no phytotoxic effect on the wheat germination, resulting in a minor
effectiveness for the control of this cereal if the mixture of both isomers
of alloxydim were formed in the field.

CONCLUSIONS

The isomerization of the marketed E-alloxydim in the field could lead
to a reduction of the efficacy of this herbicide. Furthermore, the easy and
rapid formation of the Z-isomer generates an increase of xenobiotics in
the environment. This isomer has unknown impacts in the environment.
Thus, further studies would be desirable to improve the knowledge of the
fate of this herbicide.
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