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The study examined the non-target effects of phenoxy herbi-
cide MCPA (4-chloro-2-methyl-phenoxy acid) on the morpho-
logical and physiological characteristics of spring wheat (Triticum
aestivum L.) under field conditions. The experiment was con-
ducted in 4 mesocoms plots (0.1 a) from May to August 2012. The
plants were sprayed directly with herbicide spray solutions equiv-
alent of recommended field application rate. The measured end-
points were as follows: height of the shoots, length of the roots,
dry biomass, concentrations of chlorophyll a, b, carotenoids,
malondialdehyde (MDA). The yield of wheat and residues of
MCPA in wheat tissues and soil were also estimated. It was ob-
served that herbicide slightly reduced spring wheat stem height
(by 9%, p < 0.05), increased root length (p > 0.05). Dry weight
of spring wheat stems and roots decreased by 14% (p < 0.05) and
17% (p > 0.05), respectively. The herbicide did not evoke signifi-
cant effect on the content of photosynthetic pigments and MDA
in plant tissues. MCPA herbicide residues were observed only in
soil and stems of spring wheat and were 0.97 ug/kg and 0.047 mg/
kg, respectively.
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INTRODUCTION

Since their discoveryin 1950s auxin herbicides

Phytohormones (auxins, gibberellins, cytokinins,
ethylene and abscisic acid) are fundamentals for
the plant growth and development. Auxins regu-
late and stimulate cell elongation and division
(Kende, Zeevaart, 1997). However, high tissue
auxins concentration leads to adverse effects in
plants resulting in plant tissue decay and plant
death. Due to this, synthetic auxins are widely
used in agriculture as herbicides.
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are among the most widely used herbicides. Phe-
noxy (auxin) herbicide MCPA (4-chloro-2-me-
thyl-phenoxy acid) has the same metabolism as
the natural auxin growth hormone indole-3-ace-
tic acid. The application of these herbicides leads
to the imbalance of plant hormones and stimu-
lation of the biosynthesis of plant growth hor-
mones ethylene and abscisic acid (Grossmann,
2000; Hansen, Grossmann, 2000).

The phytotoxic effect of phenoxy herbicides
is basically caused by high concentrations of
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biosynthetized abscisic acid leading to stomata
closure and inhibition of transpiration and CO,
assimilation (Fedtke, Duke, 2005). These effects
are followed by foliar senescence with chloro-
plast damage and by the destruction of mem-
brane and vascular system integrity and plant
death (Grossman, 2000). The mode of action of
MCPA is similar to that of other widely used
phenoxy acids such as 2,4-D, 2,4-DB, 2,4,5-T
and others.

MCPA is slightly persistent in soils with a
half-life approximately 6 weeks (Goring et al,,
1975). However, under certain circumstances
it may persist for longer periods. Degradation
is mainly due to microbial activity, photodegra-
dation and hydrolysis. MCPA is mobile in most
soil types and it has a potential to contaminate
surface waters (Comoretto et al., 2007) and
groundwater (Caux et al., 1995).

Despite of the wide use of MCPA, the toxici-
ty evaluation principally was conducted only
under laboratory conditions and field studies
are lacking. Field studies have shown that non-
target vegetation is at risk of accidental herbi-
cide exposure, by direct overspray or indirectly
by spray drift from aerial or ground applica-
tions (Mars et al. 1989; de Snoo, van der Poll,
1999). As it has been shown that phenoxy her-
bicides may adversely affect the seed germina-
tion and early shoot or root growth (Fargasova,
1994; Grabinska-Sota et al., 2003), it suggests
that MCPA may affect the growth of non-target
plants in all life stages and yield. However, the
studies analysing MCPA effects on non-target
vegetation growth and yield under field condi-
tions are lacking. The main aim of the study was
to evaluate the phenoxy herbicide MCPA bio-
chemical, physiological and morphological ef-
fects on spring wheat (T. aestivum) under field
conditions.

MATERIALS AND METHODS

The field study was conducted in wheat (Triti-
cum aestivum L.) culture from May to August,
2012. The experiment was conducted in 4 me-
socoms plots (0.1 a). The plants (4 weeks of age)
in two mesocosm plots were sprayed directly

with MCPA (4-chloro-2-methyl-phenoxy acid)
herbicide sprays solutions equivalent of recom-
mended field application rate (1.5 l/ha). The
other two mesocosm plots were as control plots.

Biochemical, physiological and morpho-
logical effects measurements were conducted
after 2 months of the exposure. The soil samples
were analysed for herbicide residue. Estimat-
ed endpoints were as follows: root and shoot
growth, biomass (fresh and dry weight), con-
tent of photosynthetic pigments (chlorophyll a,
b and carotenoids), and content of malondial-
dehyde. The yield of spring wheat (T aestivum)
was evaluated as spike length and weight, grain
amount in spike, fresh and dry weight of grains
and hulls. The MCPA residues in wheat grains,
above ground wheat tissues and in soil were
measured.

For dry weight assessment, the plants were
dried at 60 °C for 48-72 h up to constant
weight. The content of photosynthetic pig-
ments (chlorophyll a, b and carotenoids) was
measured spectrophotometrically in 100% ace-
tone extract plant tissue (Von Wettstein, 1957).
Concentration of malondialdehyde (MDA),
the by-product of lipid peroxidation, was used
as biomarker of membrane oxidative damage.
MDA content was determined by reaction with
thiobarbituric acid (Buege, Aust, 1978). MCPA
herbicide residues in wheat (shoots and grains)
and soil were analysed by HPLC according to
the method described by Hu et al. (2012).

A one-way analysis of variance (ANOVA)
was used to assess the herbicide effect on es-
timated endpoints. Significant differences bet-
ween control and samples, treated with herbi-
cide, were determined by the Mann Whitney
U-test and were considered to be significant at
p < 0.05. The statistical analysis was carried out
using Statistica software.

RESULTS AND DISCUSSION

During the field study it was observed that
MCPA application slightly, however, statisti-
cally significantly (p < 0.05) reduced the height
of spring wheat (Triticum aestivum) (Fig. 1).
After the MCPA application the shoots were
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Fig. 1. The height of above-ground part, shoot, spike and root length of spring

wheat (Triticum aestivum L.) after MCPA application. Data are mean + SE

by 9% lower than those of control wheat
(F=10.23; p = 0.003). The length of spikes and
roots was not affected by herbicide (F < 1.59,
p > 0.05). Reduction of non-target plants
growth due to phenoxy herbicides applica-
tion was proved under laboratory conditions
as well. MCPA and 2,4-D reduced the shoot
and root growth of T. aestivum and Avena sa-
tiva during the 7-day early seedling growth
test (Grabinska-Sota et al., 2003). Root length
reduction during this study was observed be-
cause the plant seeds were directly exposed to
herbicides and after the emergence the roots
were always in constant herbicide concent-
ration solutions. In our mesocosm study, on
the contrary, MCPA was sprayed on the plants
and negative impact on roots might by ob-
served only in case of relatively high MCPA
concentration on the soil.

The spring wheat sprayed with MCPA
reached by 28.57% lower shoot biomass at
the end of the field study compared to control
plants (p = 0.013) (Fig. 2). However, the differ-
ence in dry weight of shoot was smaller (10.3%)
and statistically insignificant (p = 0.22). A simi-
lar tendency in weight decrease was observed

during the laboratory studies simulating wheat
and maize spraying with herbicides (Nemat
Alla et al., 2008; Dragicevi¢ et al., 2010). There
was no impact of MCPA on the fresh root
weight, although the reduction by 17% in dry
root weight was observed. During the study
of various herbicides impact via spray and
media exposure on non-target species barley
(Hordeum vulgare L.) an increased root:shoot
(weight and length) ratio in MCPA treated
plants was observed (Cedergreen, 2008). The
study of MCPA herbicide sensitivity among
different non-target crop and wild plant spe-
cies demonstrated that wheat weight growth is
quite insensitive to MCPA in comparison with
such species as Lycopersicum esculentum, Lac-
tuca sativa, Glycine max and others (White,
Boutin, 2007).

Our results indicate that the growth of spring
wheat is not affected when the recommended
dose of MCPA is applied. However, slight re-
duction in shoot and root growth may indicate
that in higher doses the impact of MCPA on the
non-target plants may be more pronounced.

MCPA effects on the productivity of T. aes-
tivum were estimated as the weight of spikes,
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Fig. 2. Spring wheat (Triticum aestivum) fresh and dry weight of shoot and
root after MCPA application. Data are mean + SE

amount of grains in the spikes and the grain
weight. Despite the fact that the length of
spikes was slightly reduced after MCPA ap-
plication (Fig. 1), the weight of spikes was
changed in the opposite direction and slight
increase (by 4%) in spike fresh weight was ob-
served (Fig. 3). Moreover, MCPA reduced the
content of hulls in the spikes by 11.1%. This
indicates that the increase in grain quantity
and / or weight occurred. No significant im-
pact on the number of produced grains was
observed, but the fresh and dry weight of grain

significantly increased (p < 0.03) by 9% and
11%, respectively, after MCPA application.
It indicates that due to reduced competition
with the weeds the crops may produce more
grains and this may result in higher yield. The
increase in yield of wheat grown under field
conditions and in greenhouse was recorded
after the application of MCPA and in mixture
with 2,4-D (Lisova, 2001; Baghestani et al.,
2007). Though during the field studies in Cana-
da, the reduction in wheat yield was observed
after the treatment with phenoxy herbicides
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Fig. 3. Fresh weight of T. aestivum spikes and hulls (left) and grain fresh and dry weight (right). Data

are mean *+ SE



152 Jiaraté Zaltauskaité, Giedré Kisonaité

(Sikkema et al., 2007) and with mesotrione
(Soltani et al., 2011).

MCPA had a slight stimulatory effect on the
content of photosynthetic pigments (Fig. 4).
The content of chlorophyll a increased by
4.8%, chlorophyll b - by 9.5% and carote-
noids - by 11.5%. However the reduction of
chlorophyll content due to plants exposure
to various herbicides was reported in numer-
ous studies (Wang, Zhou, 2006; Zaltauskaité,
Brazaityté, 2013).

Lipid peroxidation is a sensitive measure of
oxidative damage and is useful as a biomarker
for oxidative stress. MDA content in plants
treated with MCPA decreased by 13.94%,
though this reduction was not significant
(p = 0.29) (Fig. 4). These results show that
MCPA do not provoke lipid peroxidation in
the tissues of T. aestivum. This phenomenon
may be explained by the fact that MCPA is a
synthetic auxin and the dose applied might
not stimulate reactive oxygen species (ROS)
production. The increase in MDA content was
recorded in wheat leaves after 1-day exposure
to chlorimuron-ethyl and decreased with time
(Wang, Zhou, 2006). Lipid peroxidation due
to MCPA application has not been studied
and we cannot compare our results with those
of other studies, however, oxidative stress due
to auxin application was recorded (Gross-
mann et al., 2001).

The residues of MCPA in soil and wheat
were analysed (Table). MCPA residues in soil
do not exceed the maximum allowable con-
centration (0.04 mg/kg) (HN 97:2000). Usually
the residues in soil do not exceed 0.05 mg/kg
(Caux et al,, 1995). Higher amount of MCPA
was accumulated in the shoots (0.047 mg/kg)
and no MCPA residues were detected in the
grains. It indicates that grains are safe for use
if MCPA is applied under the recommended
dose. However, if the doses are exceeded, the
study indicates that it may pose the risk for
wheat users.

Table. The MCPA concentrations in soil and spring
wheat (Triticum aestivum)

Concentration (ug/g)
Soil 0.001
Wheat shoots 0.047
Wheat grains n. d.

n. d. - not detected

CONCLUSIONS

The study revealed that herbicides cause ad-
verse effects on non-target crop species. The
herbicide application slightly reduced the
growth and dry weight of T. aestivum. The her-
bicide did not evoke a significant effect on the
content of photosynthetic pigments and did not
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Fig. 4. Concentrations of photosynthetic pigments and MDA in spring wheat (Triticum aestivum) after

MCPA application. Data are mean + SE
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evoke oxidative stress in plant tissues. Residues
of MCPA were found in soil and wheat shoots
though they did not exceed the maximum al-
lowable concentrations.

T. aestivum is a monocot and it is likely
that MCPA used for control of dicot species in
monocot crops should not exhibit high toxici-
ty to T. aestivum, however, the study revealed
that T. aestivum demonstrated low sensitivity
to MCPA even under the recommended dose
application.
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FENOKSI HERBICIDE MCPA POVEIKIS NE-
TAIKINEI AUGALIJAI VASARINIU KVIECIY
(TRITICUM AESTIVUM L.) PASELTUOSE

Santrauka
Lauko tyrimy metu jvertintas fenoksi herbicido
MCPA (4-chlor-2-metil-fenoksi ragstis) poveikis
morfologinéms ir fiziologinéms netaikinio augalo
vasarinio kviecio (Triticum aestivum L.) charakteris-
tikoms. Eksperimentas vykdytas 2012 m. geguzés-
rugpjucio mén. 4 mezokosmo ploteliuose (0,1 a).
Augalai buvo purksti herbicidy tirpalais pagal reko-
menduojamg naudoti normga. Tirti rodikliai: stieby
aukstis, Sakny ilgis, sausa biomasé, chlorofilo a ir b,
karotenoidy ir malondialhehido (MDA) koncen-
tracija, derlingumas, MCPA likuciai kviec¢iuose ir
dirvozemyje. Nustatyta, kad herbicidas $iek tiek su-
mazino kvie¢iy aukstj (9 %, p < 0,05), pailgino $ak-
ny ilgj (p > 0,05). Sausa stieby ir $akny masé suma-
Zéjo atitinkamai 14 % (p < 0,05) ir 17 % (p > 0,05).
Herbicidas nesukélé reik$émingo fotosintezés pig-
menty ir MDA koncentracijos pokyciy. MCPA li-
kuciai buvo nustatyti tik dirvozemyje ir kvieciy stie-
buose (atitinkamai 0,97 ug/kg ir 0,047 mg/kg).
Raktazodziai: herbicidai, netaikiniai augalai,
oksidacinis stresas, fitotoksiskumas, Triticum aesti-
vum



