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Abstract

The present study investigated biochemical effects of Atrazine (0, 200uM , 500 uM and 1000 uM) and Metolachlor (0,
100uM , 500 uM and 1000 pM) concentrations applied to 15-day-old seedlings of three maize varieties (Zea mays L., cv.
Saccharata, cv. Danona, and cv. Advanta 2898) for 48 hr. Hydroponic environment was preferred for all treatments for the
seedlings. Compared to their controls, GSH/GSSG ratio was decreased, SOD activity was increased, and CAT activity was also
decreased/decreased in root/leaf of Atrazine treated maize seedlings. While % ratios of fatty acids in leaf was increased for
palmitic acid and palmitoleic acid in cv. Saccharata and advanta 2898, but was decreased in cv. Danona. While the rate of
linoleic acid was increased in leaves in other two ratios but decreased only in cv. Saccharata; linoleic acid was increased only in
cv. Saccharata and decreased in others. Compared to their controls, in root/leaf of maize seedlings treated with Metolachlor;
GSH/GSSG ratio decreased/increased, SOD activity decreased/increased, and CAT activity decreased/decreased. While %
ratios of fatty acids in leaf showed an exceptional increase and increase for linolenic acid, palmitic acid, and linoleic acid;
palmitoleic acid and stearic acid decreased and palmitic acid decreased only in cv. Advanta 2898. Generally, the inhibitive
effect of the herbicides Atrazine and Metolachlor elevated in parallel to increased dose (1000 uM).However, Atrazine displayed
a more oxidative damagesthan Metolachlor on three maize varieties.
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Introduction

Atrazine is a herbicide from triazine class (Jiang et
al., 2016), which is used before plantation of plants to
inhibit the development of broad leafed herbaceous
weeds. Atrazine, Linuron, Atrazine+Linuron and
Atrazinet+Metolachlor were applied in corn control weeds
before germination. Atrazine becomes intense in root area
which is about 125 cm deep. Because half-life of Atrazine
is longer compared to metolachlor and Linuron, a great
majority of it remains in the environment (Pudelko et al.,
1993). Besides, controlling weeds, Atrazine has ecotoxic
effects on non-target organisms (crop plants, soil
microorganism, and other animals). Thus, this herbicide
triggers the formation of reactive oxygen species leading
to oxidative stress (Jiang et al., 2016). Even among
varieties of the same species may differs in terms of
herbicide sensitivity. (Khan ez al., 2011).

GSH content was increased as a result of the effect of
the herbicides Atrazine and Metolachlor applied to leaves
of 30 day-old maize plant (Zea mays L. var. Artus) (Hatton
et al., 1996). GSH content was also increased by the effect
of Metolachlor applied to leaves of 6 and 8 day-old maize
plants (Alla & Hassan, 1998). It was reported that when
maize plant was treated with 10 uM of metolachlor in a
ratio of 18:1 and 18:2 fatty acid contents were elevated and
in a ratio of 18:3 fatty acid content was declined in shoots.
When 5 uM of metolachlor was applied, 16:0 and 18:1
fatty acid content decreased and 18:3 fatty acid content
increased (Wu et al., 2000). Changes were observed in
SOD, POD, and CAT enzyme activities in a study where
roots and leaves of maize were treated with racemic-
metolachlor and s-metolachlor. There was an increase in
the treatment of racemic-metolachlor but a decrease in the
treatment of s-metolachlor (Xie et al., 2014). Seeds and
leaves of Lactuca sativa L. cv. Vuka, Phaseolus vulgaris L.

cv. Zlatko and Pisum sativum L. cv. Dunav were treated
with 0.2-200 uM concentrations of Metolachlor for 48 hr
and SOD and CAT activities decreased (Stajner et al.,
2003). In a study, young and mature leaves of pea were
sprayed with 23 uM dose of 2,4-D at certain intervals and
oxidative damage was identified in proteins and membrane
lipids after 72 hr. There was an increase for glutathione
content. GSH/GSSG ratio was higher in leaves of mature
pea plant. SOD enzyme activity, on the other hand,
increased in leaves of young plant. CAT enzyme activity
decreased (Pazmino et al., 2011). SOD, CAT, POD, and
antioxidant enzyme activities were determined to increase
in roots and leaves of rice plant treated with various doses
of Atrazine for 4 days (Zhang et al., 2014). Different doses
of Atrazine were applied to 2 varieties of 10-day old maize
(Zea mays L. Hybrid 351 and Giza 2), GSH content
increased in Hybrid 351 at the end of 20™ day, on the other
hand, it decreased in hybrid Giza 2 maize. SOD and CAT
enzymes decreased (Alla & Hassan, 2006). The 21-day-old
Palaemonetes argentinus plant was kept in hydroponic
environment for 1 day after applying 0.4 mg/L* dose of
Atrazine. SOD content was proven to elevate (Griboff et
al., 2014). After atrazine was applied at 0-10 mg/L
concentrations to leaves of the 2-week-old maize for 3
days, SOD and POD enzymes increased in roots and CAT
enzyme increased in leaves (Li et al., 2012). Different
concentrations of 2,4-D were applied to maize seeds and
GSH/GSSG  ratio decreased (Dragicevic et al., 2013).
Paraquat was reported to cause increase of SOD, CAT, and
ascorbate peroxidase enzymes in Saccharum spp.
(RB92579, SP83-2847, SP81-3250 and 1AC91-5155)
(hybrid sugar canes) seedlings (Santos & Silva, 2015). In
the study investigating the toxic effect of on leaves of
Triticum aestivum L., cv. Mironovskaya 808 (wheat),
Secale cereale L. cv. Estafeta tatarstana (rye) and Zea
mays L. cv. Kollektivnyi 172MV (maize) seedlings, it was
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reported that lipid peroxidation, superoxide anion, total
antioxidant activity, catalase and ascorbate peroxidase
activities increased (Lukatkin et al., 2013). Kraus et al.,
(1995) indicated that herbicides paclobutrazol and paraquat
led to increase SOD and CAT activity in leaves of Triticum
aestivum L. cv. Frederick and Glenlea (hybrid wheat)
(Kraus et al., 1995). Herbicide chlorimuron-ethyl was
reported to lead to decrease SOD content in leaves and
roots of Triticum aestivum (wheat) seedlings (Wang &
Zhou, 2006). Ferns (Azolla spp. viz., Azolla microphylla
and Azolla pinnata) were treated with herbicide Pretilachlor
(0, 5, 10 and 20 pg ml?), GSH content and GSH/GSSG
ratio decreased with increasing dose (Prasad et al., 2016).
After herbicide Chrial was applied to leaves of Arabidopsis
thaliana, GSH content, SOD activity, and CAT activity
increased; on the other hand, all declined in the variety Rac
DCPP (Chen et al., 2016). SOD and CAT activities
increased until 3.2 mg.kg? of concentration and decreased
at 4.8 and higher concentrations in roots and leaves of
wheat varieties by applying Simetryne (s-triazine herbicide)
(0, 0.8,1.6, 3.2, 4.8, 6.4 and 8.0) (Jiang et al., 2016). After
applying Atrazine to roots and leaves of Pennisetum
americanum seedlings for 68 days, SOD and CAT activity
increased and a decline was determined at higher
concentrations (Jiang et al., 2016). In the present study,
biochemical responses based on toxic effect by different
concentrations of synthetic herbicides Atrazine and
Metolachlor in three maize varieties were investigated.

Material and Methods

Growth conditions of seedlings and experimental
design: Maize (Zea mays L., cv. Saccharata, cv. Danona
and cv. Advanta 2898) seeds were soaked in tap water for
6 hr, surface was sterilized with 0.5% (m/v) sodium
hypochlorite for 30 min, rinsed several times with
distilled water and then germinated on moist cotton
placed in sterilized dishes. Seeds germinated for three
days were sown in plastic pots filled with sand and
topsoil. They were grown by being soaked in tap water 3
times for a week. The plants were grown in the controlled
growth chambers (having a photoperiod of 16 hr daylight
/8 hr night, a temperature of 27+2°C and arelative
humidity of 60-70 %), respectively. Seedlings that
showed abnormal growth were eliminated. Before the
treatment, roots of the seedlings were washed with
deionized water and placed between the canals of the
sponge lids of jars that contained basic Hoagland nutrient
solution (30%). Fifteen-day-old seedlings were used for
experimental purpose. When preparing Atrazine stock
solutions, it was firstly dissolved in 50 ml of ethyl alcohol
and then the final volume was completed to 1 L with
distilled water. The nutrient solution was aerated twice a
day. Atrazine (0, 200 MM, 500MM and 1000 MM) and
Metolachlor (0, 100MM, 500MM and 1000 MM)
concentrations prepared in deionized water were used as
test solutions. The seedlings were divided into four
groups, including 10 seedlings in each one. The test
solutions were applied to the roots of seedlings by using
Hydroponicenvironment. Four sets of seedlings were
placed in jars containing (0, 200MM, 500MM and 1000
MM  Atrazine; 0, 100MM, 500MM and 1000MM
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Metolachlor) solutions and these seedlings were treated
with test solutions for 48 hr. After the treatment with
Atrazine and Metolachlor, the seedlings were harvested to
investigate GSH/GSSG rations, fatty acids, SOD and CAT
activityof biochemical parameters.

Biochemical analysis of seedlings:GSH/GSSG ratios in
plant extracts were determined according to the method of
Yilmaz et al., (2009) SOD activity (Mourente, 1999) and
CAT activity (Aebi, 1984) were analyzed in liquid
portions of plant extracts. Fatty acids were analyzed in
solid parts of plant extracts. For the analysis of fatty acids,
leaf and root tissues were used and analyzed in gas
chromatography (Christie, 1990; Hara & Radin, 1978).
Results were determined in terms of weight % of total.
Three replicates were maintained for each treatment. All
physiological analyses were replicated three times for
each treatment. In each analysis, 3 g of leaf tissue and 1.5
g of root tissue were used.

Statistical analyses: Results were analyzed using one-
way ANOVA (SPSS 15.0 Evaluation Version Production
Mode Facility). The difference between the treatments
was accepted as significant at the levels of p<0.01-0.05.
Duncan test (Duncan, 1955)was performed to compare
the means. The data which were not statistically
significant in all parameters in the present study were not
emphasized (p>0.05) (Table 1-A and B).

Results

The effect of atrazine and metolachlor on GSH/GSSG
ratio: Compared to their controls, there was a
considerable decrease in GSH/GSSG ratio in Advanta
2898 (22.57, 28.48, and 35.77%) among the roots of
seedlings treated with Atrazine. On the other hand, in
leaves, the maximum decrease (18.14, 20.33, and
26.65%) was also determined in Advanta 2898 (p<0.05)
(Table 1-A). The most efficient decrease for Metolachlor
treatment (35.48, 52.68, and 69.89%) was determined in
Advanta 2898. The most effective increase (10.41, 33.43
and 46.05%) was also observed in leaves of Advanta 2898
(»=<0.05) (Table 1-B).

The effect of atrazine and metolachlor on SOD and
CAT activity: Compared to their controls, Atrazine
treatment led to more effective SOD activity (20.74, 34.29
and 42.87%) increase in roots of Danona seedlings. On
the other hand, in leaves, it led to an effective increase
(14.28, 52.66 and 72.72%) in Danona (p<0.05) (Table 1-
A). There was a decreased SOD activity in Danona hybrid
maize (19.19, 30.46 and 28.86%) in roots of seedlings for
Metolachlor treatment. In leaves, a decrease was
determined for Saccharata (5.87, 33.50 and 42.38%)
(»p<0.05) (Table 1-B). Atrazine treatment not only
decreased CAT activity in roots and leaves of all maize
seedlings compared to their controls but also led to a more
distinct decrease in roots of Saccharata (16.56, 27.13 and
36.34%) and leaves of Danona (28.91, 37.53 and
41.43%). The most effective increase was determined in
roots of Danona (35.99, 41.57, and 54.58%) and leaves of
Saccharata (6.02, 31.59 and 50.82%) for Metolachlor
treatment (p<0.05) (Table 1-B).
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The effect of atrazine and metolachlor on fatty acid
content: In leaves of seedlings treated with Atrazine;
linolenic acid rate exceptionally decreased in Advanta
and Danona (10.51, 12.72 and 14.70 % for Advanta ;
15.83 and 21.72% for Danona) but increased in
Saccharata (7.55%); on the other hand, linoleic acid
rate increased exceptionally (36.28% for Advanta
2898; 44.04% for Danona), there were decreases only
in Saccharata. It was determined that palmitic acid rate
increased mostly (34.56%) for Advanta 2898 and
decreased (14.44 %) for Danona. In roots of maize
seedlings treated with Atrazine, palmitic acid increased
by 28.71 and 36.33 % for Advanta 2898; decreased by
15.68% for Danona, and increased by 21.56 and
26.56% for Saccharata and linoleic acid increased by
18.61% for Advanta 2898, decreased by 17.07% for
Danona, and increased by 22.39% for Saccharata.
Palmitoleic acid, stearic acid, and linolenic acid were
not identified in roots of maize seedlings. Therefore,
data of roots could not be presented since all of the
fatty acids were not identified. While there were
insignificant decreases for palmitic acid and stearic
acid in leaves of seedlings treated with Metolachlor,
palmitic acid increased in Danona and Saccharata. In
leaves of seedlings treated with Metolachlor,
palmitoleic acid decreased (29.12, 38.83 and 38.34%
for Advanta 2898; 25.39% for Danona; 31.87% for
Saccharata), linoleic acid increased (13 and 13.61% for
Advanta 2898; 9.31% for Danona; 7.21% for
Saccharata), and linolenic acid increased (10.10% for
Advanta 2898; 13.44 and 14.19% for Danona; 11.21%
for Saccharata). In roots of seedlings treated with
Metolachlor, palmitic acid (8.59 and 16.27% for
Advanta 2898; 8.53, 16.34 and 22.82% for Danona;
15.10 and 19.32% for Saccharata) and palmitoleic acid
(24.70 and 49.26% for Advanta 2898; 18.89% for
Danona; 14.52, 27.19, and 36.18% for Saccharata)
decreased, stearic acid (28.72 and 42.45% for Advanta
2898; 32.36% for Danona) and 18:2 (10.48% for
Danona; 19.85% for Saccharata) increases were
determined (p<0.05) (Table 1-B). Generally, declines
of response were determined for fatty acids and it was
considered that these declines were associated with
decreased oxidative stress resistance of seedlings
treated with Atrazine. Compared to other two maize
varieties, related responses of Advanta 2898 seedlings
were more distinctive.

Discussion

The maximum decrease was observed in Advanta
2898 for Atrazine (Alla & Hassan, 2006) and
Metolachlor in terms of GSH/GSSG contents in roots
of maize seedlings. In terms of GSH/GSSG contents in
leaves of maize seedlings; the maximum decrease for
Atrazine was observed in Danona (Alla & Hassan,
2006); whereas, the maximum increase forherbicide
Metolachlor was seen in Danona (Hatton et al.,, 1996;
Alla & Hassan 1998; Kaya & Doganlar, 2016; Pazmino
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et al., 2011; Prasad et al., 2016). Glutathione reductase
enzyme (GR) converts oxidized glutathione (GSSG)
into reduced glutathione (GSH) via a reaction based on
NADPH. GSH and GR constitute the compounds of the
ascorbate-glutathione metabolism playing a role in
plant response to stress (Kaya & Doganlar, 2016).

In terms of SOD enzyme activity in roots and
leaves of maize seedlings; there was the maximum
increase in Danona for Atrazine (Zhang et al., 2014;
Griboff et al., 2014; Li et al., 2012; Santos & Silva,
2015; Kraus et al., 1995; Chen et al., 2016; Jiang et al.,
2016) and the maximum decrease in roots of Danona
and in leaves of Saccharata for metolachlor (Xie ef al,
2014; Stajner et al., 2003; Wang & Zhou, 2006).
Antioxidant system plays a crucial role for protecting
cellular compounds from damages of reactive oxygen
species produced under stress. Under optimal growth
conditions, the production of reactive oxygen species
in plant cells is low. However, increased production
and accumulation of reactive oxygen species under
most of environmental stresses brings along
deterioration of cellular hemostasis (Wang et al,
2015). SOD activity increasing under stress conditions
indicates that particularly superoxide radical reactive
oxygen species are produced excessively. This is
because SOD plays a role in eradication of superoxide
radical from chloroplasts and superoxide radical is
converted into H»>O,. Herbicide toxicity occurs as a
result of SOD activation substantially increasing in
antioxidant system (Santos & Silva, 2015).

In terms of CAT enzyme activity in roots of maize
seedlings; the maximum decrease was observed in
Saccharata for Atrazine (Alla & Hassan, 2006). In
terms of CAT enzyme activity in leaves of maize
seedlings; there was the maximum decrease in Danona
for Atrazine. In terms of CAT enzyme activity of
maize seedlings; the maximum increase was observed
in roots of Danona and in leaves of Saccharata for
Metolachlor (Xie et al, 2014; Santos & Silva, 2015;
Kraus et al., 1995; Lukatkin et al., 2013; Chen et al.,
2016; Jiang et al., 2016). Catalase is found in
organelles, called as peroxidase, in all cells of plants
and plays a protective role by maintaining H,O, (H,O
+ % ;) at a certain level for the cell. Herbicide
exposure of pea, wheat, and maize leaves has led to an
increased catalase activity. High concentration of
catalase enzyme ensure the minimal damage from
stress for plant by detoxifying H,O,. Increased activity
of antioxidant enzymes such as SOD and CAT is a
result of detoxification mechanism that provides the
decline of lipid peroxidation. Oxidative damage in
leaves of seedlings may be considered to cause
imbalanced enzymatic activity while increasing SOD
and decreasing other enzymes, and elevated H>O; in
chloroplasts is likely to be associated with this (Santos
& Silvas, 2015).

Ivanova et al., (2008) stated that oxidative stress
caused decreases in FAME amounts in maize leaves.
While palmitic acid (16:0) and palmitoleic acid (16:1)
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exceptionally increased in leaves of maize seedlings
treated with Atrazine, there was a decrease in Danona.
While linoleic acid (18:2) increased in leaves, a
decrease was observed for Saccharata. Even though
linolenic acid (18:3) decreased in leaves treated with
Atrazine, there was an increase for Saccharata.
Linolenic acid (Wu et al., 2000) increased, palmitoleic
acid decreased, and stearic acid (18:0) content
increased exceptionally in leaves treated with
Metolachlor; whereas, linoleic acid and palmitic acid
increased. Palmitic acid was observed to decrease in
Advanta in seedlings treated with Metolachlor. The
action mechanism of the herbicide Chloroacetanilid
was suggested to occur by inhibiting the synthesis of
long-chain fatty acids in plant or inhibiting
involvement of unsaturated fatty acids into non-fat
structures (Wu et al, 2000). Biochemical and
physiological processes were observed to be inhibited
by the herbicide Chloroacetanilid in higher plants
including cellular growth, mineral intake, cellular
division, synthesis of gibberellic acid, lipid, and
protein (Wu et al, 2000). While palmitic acid and
linoleic acid increased in roots of seedlings treated
with Atrazine, there was a decline for Danona. While
linoleic acid (Wu ef al., 2000) increased, palmitic acid
and palmitoleic acid decreased, and stearic acid
increased exceptionally in roots of maize seedlings
treated with Metolachlor, a decrease was observed for
Saccharata. However, data of roots were not presented
since all fatty acids were not identified.

Consequently, the synthetic herbicides Atrazine and
Metolachlor were determined to be toxic for maize plant
even at very low concentrations. Because the related
studies are very limited and insufficient, we could not
discuss the results of the present study in a wide platform
and had to make reference to indirect studies occasionally.
We think that further studies would contribute a complete
understanding of the issue. In conclusion, high doses of
Atrazine according to metolachlor triggered toxic effect,
therefore antioxidant responses.
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