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ABSTRACT

Acetamiprid  (ABA), imidacloprid (IM),
abamectin (ABA), thiomethoxam (THM) and
abamectin+chlorantraniliprole (ABAC) were ap-
plied on Hazera 5656 F1 (Lycopersicum esculentum
Mill.) tomato variety under greenhouse conditions in
Kdycegiz region of Mugla. MDA, proline and H202
contents as well as SOD, POD and CAT activities
raised with increasing pesticide doses. On the other
hand, increasing the dose of pesticides, decreased
DM %, total chlorophyll and carotenoid contents.
The plants sprayed with ABAC-3 showed 56 % pro-
line content as compared to the control plants. ABA-
3 treated samples showed highest increase in super-
oxide dismutase (SOD) activities while least de-
crease was shown by THM-1 treated samples. The
highest doses of pesticides increased catalase (CAT)
and peroxidase (POD) activities in most cases. The
study concluded that use of high amounts of pesti-
cides adversely affects the physiological and bio-
chemical properties of tomato plants.
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INTRODUCTION

Millions of humans are under the hunger line.
Scientific and technological developments towards
agricultural production have encouraged intensive
farming, and thus the use of pesticides [1]. Due to
the demands of yield maximization, environmental
concerns over negative externality of agricultural
production have been increasing [2]. Depending on
their physicochemical properties, pesticide causes
environmental problems. Some of them evaporate
and cause permanent accumulation of toxic sub-
stances in the atmosphere, while others are broken
down by photochemical means into toxic or non-
toxic substances [3]. Moreover, use of uncontrolled
pesticides can lead to physiological and metabolic
changes in plants, that can lead to the loss of their
quality and quantity, even death [4]. Also, pesticides
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cause the formation of reactive oxygen species
(ROS) for instance hydrogen peroxide (H20z), su-
peroxide (O%) and hydroxyl (OH) radicals that are
harmful to human health [5].

In Turkey, an average of 41.775 tons of pesti-
cide was used annually between 2006 and 2016. In
2016, 50.054 tons pesticides were used in Turkey [6]
that reflects an increase than the average amount.

Insecticides such as acetamiprid and thiameth-
oxam belong to the neonicotinoid group. They pos-
sesses lower toxicity and higher activity against
harmful insects [7, 8]. Abamectin is a macrocyclic
lactone, an important fermentation component of
avermectins. Abamectin is used against insects and
mites [9]. Imidacloprid belongs to a new pesticide
class i.e. neonicotinoid [10]. Abamectin +
Chlorantraniliprole has been reported to control Tuta
absoluta pests [11].

Pesticides must optimally be fatal to the pro-
jected pest, but not to the non-projected species, in-
cluding human being. Unluckily, this is not the state
and persisting pesticide remainders can be estab-
lished in food commodities like tomatoes at high
doses. Therefore, there is a need for the decrease of
the quantities of pesticides used in the cultivation of
tomato [12].

In this study, we investigated the extent of
stress in the tomato plant caused by different insec-
ticides in addition to the determination of proline and
protein concentration, chlorophyll, H202, and anti-
oxidative enzyme (SOD, POD, CAT) contents. The
outputs of this study were delivered to the producers
and consumers in the Mugla province of Turkey.

MATERIALS AND METHODS

The study was carried out on Hazera 5656 F1
tomato variety (L. esculentum Mill.) in the Kdycegiz
region of Mugla city. A total of sixty plastic pots (20
L, filled with peat and river sand: ratio 2:1) including
five systemic insecticides, three different doses (rec-
ommended dose by producer, two times, four times)
in four replications. The control group was irrigated
only. Spraying of pesticides was started on the 10-
15th days of planting and repeated four times after
each 15-20th day.
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The following insecticides were used in this
study:

1. Acetamiprid (Sumitomo), pyridylmethyla-
mine, CioH11CINs, for mice oral dosage LDso:185
mg/kg; recommended dose: 30 mg in 100 L water.

2. Imidacloprid (Bayer), CeHi1oCINsO2, for
mice oral dosage LDso: 450 mg/kg; recommended
dose: 100 mg in 100 L water.

3. Abamectin (Syngenta), C4gH72014, for mice
oral dosage LDso: 11 mg/kg; recommended dose: 25
mg in 100 L water.

4. Thiamethoxam (Syngenta), CsH10CINsOsS;
recommended dose: 100 mg in 100 L water.

5. Abamectin+Chlorantraniliprole (Syn-
genta), recommended dose: 90 mg in 100 L water.

Experimental conditions are given below (Ta-
ble 1).

Fresh plant samples were stored at 70 C for 48
hours and dried weight was calculated. Plant height
and stem diameter measurements of all plants were
made during harvesting. Chlorophyll content was
extracted from fully expanded young leaves using 90
% acetone solution using Strain and Svec [13]
method. Free proline was extracted and determined
as described by Bates et al. [14] while hydrogen per-
oxide content was determined spectrophotometri-
cally according to the Velikova et al. [15] procedure
at 390 nm.

SOD was determined by Beauchamp and Fri-
dovich [16], CAT by Kraus and Fletcher [17], and
POD by Chance and Maehly [18] method. The Brad-
ford [19] protocol was used to estimate total soluble
proteins. Leaf MDA was analyzed following
Cakmak and Horst [20] with some modifications as
suggested by Weisany et al. [21].
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Statistical Analysis. The data for all attributes
were subjected to the statistical package SAS version
9.1 (SAS Institute Inc., NC, USA) to work out anal-
ysis of variance using and significant differences
among mean values were assessed using LSD test at
p<5%.

RESULTS

The amount of DM% of the leaves showed a
decrease in all groups compared to the control group.
The highest decrease was recorded in the ABAC 3
group (12.03%), while the least (21.80%) was ob-
served in ABA 1 (Fig. 1, left).

Maximum plant height in the control group was
59 cm, while the lowest plant height was determined
in ABA 3 group with 37 cm (Fig. 1, right).

The application of insecticides on tomato plants
caused a decrease in the total chlorophyll amount
when compared with the control. The highest de-
crease was observed in the application of IM 3
(58.21 %) while the least was found in ABA 1 (6.73
%). Leaf carotenoid contents also reflected similar
behavior (Fig. 2, left).

Protein concentrations of leaf samples de-
creased in all applications. The highest decrease was
found in ABA 1i.e. 45.21 % (Fig. 2, right).

The results of statistical analysis on the lipid
peroxidation (MDA), proline amount and H202 con-
tent of the tomato plant leaves are given in Table 2.

Amount of leaf MDA was increased in all ap-
plications compared to the control. The highest in-
crease was observed in ABA 3 group (7.77 mmol
g! FW) while the lowest was found in IM 1 (2.31
mmol g-1 FW).

TABLE 1
Concentrations, codes and trade names of the used insecticides

Concentration Code name Trade Name
Control Control* -

Abamectin (25 mL/100 L) ABA 1 Agrimec
Abamectin (50 mL/100 L) ABA 2 Agrimec
Abamectin (100 mL/100 L) ABA 3 Agrimec
Acetamiprid (30 mL/100 L) ACE 1 Mospilan
Acetamiprid (60 mL/100 L) ACE 2 Mospilan
Acetamiprid (120 mL/100 L) ACE 3 Mospilan
Thiamethoxam (100 mL/100 L) THM 1 Actara
Thiamethoxam (200 mL/100 L) THM 2 Actara
Thiamethoxam (400 mL/100 L) THM 3 Actara
Abamectin+Chlorantraniliprole (90 mL/100 L) ABAC 1 Voliam Targo
Abamectin+Chlorantraniliprole (180 mL/100 L) ABAC 2 Voliam Targo
Abamectin+Chlorantraniliprole (360 mL/100 L) ABAC 3 Voliam Targo
Imidacloprid (100 mL/100 L) IM 1 Confidor
Imidacloprid (200 mL/100 L) IM 2 Confidor
Imidacloprid (400 mL/100 L) IM 3 Confidor

*irrigation water only
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FIGURE 1

Effects of insecticide applications on dry matter content (DM %) of tomato plant leaves (left),

plant heights (cm) and stem diameter (mm) (right).
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FIGURE 2
Effects of insecticides on the total chlorophyll, carotenoid (left) and protein content of tomato leaves
(right).
TABLE 2
Effects of insecticide application on MDA, Proline and H,O: in tomato leaves
Treatments MDﬁ Proline . H:0: .
(mmol g FW) (unit mg protein) (unit protein™—)
Control 2,37+0,099 27,80+0,16j 118,48+1,34i
ABA1 2,72+0,19f 30,71+0,99hi 121,33+0,51i
ABA 2 4,74+0,07c 37,58+1,15de 136,96+0,81f
ABA 3 7,77+0,14a 43,28+1,32b 167,90+1,25b
ACE1 2,87+0,11f 30,48+0,33hi 121,25+1,57i
ACE2 4,09+0,09d 33,39+1,15fg 121,23+1,10i
ACE 3 6,21+0,1b 36,18+1,15e 134,16+2,41fg
THM 1 2,45+0,1g 28,73+0,49ij 129,98+2,28h
THM 2 3,30+0,1e 33,74+0,66f 142,74+1,03e
THM 3 4,74+0,04c 38,74+0,82d 155,71+0,07¢c
ABAC 1 2,490,069 30,59+0,16hi 121,13+1,69i
ABAC2 4,13+0,06d 41,19+1,65¢ 140,40+0,66e
ABAC 3 7,62+0,08a 49,33+0,99 155,36+1,45C
M1 2,31+0,129 24,89+0,33k 132,58+0,96gh
IM2 3,13+0,06e 31,64+0,66gh 147,48+0,52d
IM 3 4,06+0,08d 33,04+0,33fg 174,51+1,18a

Note: The difference between the averages indicated by different letters in the same column is statistically significant (p<0.05).

Highest proline content in the tomato plant
leaves was observed in ABAC 3 while IM 1 group
showed the least.

We found that the insecticide applications
caused an increase of hydrogen peroxide in all the
groups compared to the control (Table 2).

When the SOD amount of the leaves was ex-
amined, the greatest increase was seen in ABA 3
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treatment (91.44%) and at least THM 1 (8.56%)
when compared with control. Highest POD activity
was observed in ABAC 3 (12.04 unit mg™ protein)
and lowest in THM 1 (3.03 unit mg™* protein). When
the specific CAT activity was examined, the highest
activity was reflected by the ABA 3 (82.62 %) group
while the lowest was found in IM 1 (7.34 %) (Table
3).
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TABLE 3
Effects of insecticide application on antioxidant enzyme activities of tomato leaves
Treatments SOD POD CAT
(unit mg™! protein) (unit mg™! protein) (unit mg™! protein)

Control 11,21+0,48d 3,03+0,15k 6,27+0,04h
ABA 1 13,69+0,03d 4,36x0,17fg 7,81+0,15e
ABA 2 16,54+0,16¢ 7,38+0,09cd 9,21+0,15¢c
ABA 3 21,46+1,50a 11,93+0,08a 11,45+0,10a
ACE 1 12,51+1,36d 3,73+0,02ghi 6,80+0,15g
ACE 2 17,97+1,49bc 6,74+0,17d 8,72+0,25d
ACE 3 18,44+1,79bc 7,43+0,11c 9,16+0,49¢c
THM 1 12,17+0,24d 3,28+0,04jk 7,28+0,18f
THM 2 16,88+1,58bc 5,10+0,05e 9,29+0,15¢c
THM 3 19,45+0,45ab 9,35+0,45b 11,22+0,23a
ABAC 1 13,12+0,95d 4,09+0,29fgh 6,84+0,03g
ABAC 2 17,78+0,60bc 7,54+0,10c 8,97+0,06¢cd
ABAC 3 21,18+0,23a 12,04+0,55a 10,79+0,21b

IM1 12,22+0,62d 3,61+0,45hij 6,73+0,05g

IM 2 18,30+2,24bc 4,70+0,11ef 8,07+0,12¢

IM 3 18,44+1,43bc 7,36+0,65cd 9,25+0,21c

Note: The difference between the averages indicated by different letters in the same column is statistically significant (p<0.05).

DISCUSSION

Pesticides have positive effects, such as pro-
tecting plants against various disease agents, as well
as some changes in plant metabolism caused by bio-
tic stress when the recommended dose is exceeded
[22]. In this potting experiment, we found that pro-
portional reductions were observed due to increased
concentrations of dry matter in the leaves when com-
pared to controls at the end of the insecticide appli-
cation to the tomato plants (Fig. 1, left). There are
literature examples where the increasing dose
amount resulted in the decrease of DM% of the
plants under study eg. atrazine on the Pisum sativum
L. [23], omethoate on wheat [24] and pyriproxyfen
on maize [25].

Another parameter determined in this study
was plant height and trunk diameter, which de-
creased with the increase in applied insecticide con-
centration (Fig. 1, right). Parween et al. [26] applied
chlorpyrifos to Vigna radiata L. plants at different
concentrations and found a decrease in the plant root
and trunk lengths. The stated study agrees with the
current study; and it appears that the use of agro-
chemicals at high concentrations has an inhibitory
effect on plant development.

In the literature, it is reported that fungicides
decrease photosynthetic pigment amounts and affect
photosynthesis negatively [27]. In this study, when
the insecticide application to the tomato plants was
compared with the control, the total amount of chlo-
rophyll and carotenoid in the leaves decreased re-
markably (Fig. 2, left). In the literature, Chlorpyrifos
and Imidacloprid pesticides were applied to the rice
plant. The obtained data suggested that chlorophyll
content affects the amount of proteins, plant root and
trunk length [28].

When we study the results of our studies, it is
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seen that the protein content of plant leaf samples de-
creased in all insecticide applications compared to
the control (Fig. 2, right). The soluble protein con-
tent of Vigna radiata L. leaves was decreased by
20.60 % in the 5th day leaves as reported [26]. On
the other hand, Switch 62.5 Fludioxonil fungicide,
an effective substance of WG, has been reported to
increase the total protein content of leaves of Vitis
vinifera L. by 48 % when compared to control [29].
In the literature given above, there are findings both
ways.

As aresult of this research, it was observed that
there was a general increase in the MDA analysis re-
sults when the applications were compared with the
control. It is thought that this causes insecticides to
cause lipid peroxidation in plant tissue and cause
membrane damage and impairment of membrane in-
tegrity (Table 2). Similarly, Omathoate spraying has
caused an increased in the lipid peroxidation content
in the wheat plants [24]. On the other hand, lipid pe-
roxidation levels of Pisum sativum leaves decreased
when 2,4-dichlorophenoxyacetic acid (2,4-D) and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) were ap-
plied [30]. The results of these investigations are in
parallel with the lipid peroxidation results of our in-
secticide applied tomato leaves.

In this study, where we applied 5 different in-
secticides to tomato plants, leaf proline quantities
also increased with increasing density (Table 2). The
application of 1,2,4-trichlorobenzene (1,2,4-TCB) to
rice plants has been reported to increase the proline
content in plants [31]. Zhang et al. [24] has reported
that the proline levels of wheat samples taken during
the 5th and 7th days of insecticidal application in-
creased in proportion to increasing doses of insecti-
cide. These studies agrees to what we have observed
in this study.

H20: in plants works as a signaling molecule
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that increases tolerance to various abiotic stresses at
low concentrations, while organizing programmed
cell deaths at high concentrations [32]. When the re-
sults of H202 in our study were evaluated, it was
found that the insecticide applications were higher in
all the groups compared to the control (Table 2). In
a study, Mishra et al. [33] conducted UVB applica-
tion of Vigna unguiculata L. plant, and found similar
increase in the H202 concentrations of plant leaves
under stress.

The antioxidative enzyme activities investi-
gated in this study showed various increases accord-
ing to the control depending on the increasing stress
condition resulting from insecticide applications.
One of the most important job of antioxidative en-
zymes is that it increase the amount of SOD that
scavenges toxic oxygen radicals, thus prevent dam-
age to the plant leaves. We found an increase in the
SOD and POD of tomato plant leaves subjected to
insecticides, especially in the case of ABA 3 and
ABAC 3. CAT quantities of leaf samples were
higher in ABA 3 and THM 3 groups. In general, we
can state that the level of applied insecticide doses
put the plants into stress (Table 3). We have found in
our previous study on tomatoes [5] that the amount
of SOD, POD and CAT were significantly increased
when pesticide concentrations were increased.
Moreover, dimethoate insecticide applied to bitter
gourd plants and the application of 1,2,4-trichloro-
benzene to wheat and rice plants significantly in-
creased the SOD, POD and CAT activities [34-36].
In another study of Mancozeb on Cassia angustifolia
Vahl. fungus, increasing of fungicide concentrations
significantly increased the SOD activity while de-
creased the CAT activity [37]. Furthermore, the
slight stimulant impacts on tomato growth caused by
the lower doses of pesticides might be owing to the
usage of some organic complex in pesticides by
plants or it might be an output of tomato plants to
exposure to low concentrations of toxic matters [38].

In conclusion, high concentrations of agro-
chemicals negatively affects the plant anatomy,
physiology and biochemistry that further causes
stress in the plants.

ACKNOWLEDGEMENTS

This paper has been granted by the Mugla Sitki
Kog¢man University Research Projects Coordination
Office (BAP). Project Grant Number: 2013/191 and
title “A Preliminary Investigation for Increasing
Awareness of Some Insecticides Commonly Used in
Mugla Region as Potentially Hazardous to Plant
Growth”. Authors are thankful to Kdycegiz Voca-
tional High School, Mugla Sitki Kogman University
for helping in the plant collection and processing.

380

Fresenius Environmental Bulletin

REFERENCES

[1] Ersoy, N., Tatli, O., Ozcan, S., Evcil, E.,
Coskun, L.S., Erdogan, E. (2011) Some Pesti-
cide Residues of Stone and Nuts Fruit Species.
Selcuk J. of Agr. Food Sci. 25(1), 75-83.

Lee, S., Nguyen, T.T., Poppenborg, P., Shin,

H.J., Koellner, T. (2016) Conventional, Partially

Converted and Environmentally Friendly Farm-

ing in South Korea: Profitability and Factors Af-

fecting Farmers’ Choice. Sustainability. 8, 704.

Erdogan, B.Y. (2010) The health and environ-

mental effects of the pesticides commonly used

in Samsun. Alinteri J. of Agric. Sci. 19(2), 28.

Yildiztekin, M., Kaya, C., Tuna, A.L., Ashraf,

M. (2015) Oxidative stress and antioxidative

mechanisms in Tomato (Solanum lycopersicum

L.) plants sprayed with different pesticides. Pak.

J. Bot. 47(2), 717-721.

Ogut, S., Kucukoner, E., Gultekin, F., Gurbuz,

N. (2015) A study of long-term pesticide appli-

cation amongst agricultural workers: Total anti-

oxidant status, total oxidant status and acetyl-
cholinesterase activity in blood. Proc. Natl.

Acad. Sci. India Sect. B Biol. Sci. 85, 155.

TSI (Turkish Statistical Institute) (2016) Agri-

cultural structure and production. Government

Statistic Institute of Prime Minister Publ.

Kuhar, T.P., Stivers-Young, L.J., Hoffmann,

M.P., Taylor, A.G. (2002) Control of corn flea

beetle and stewart's wilt in sweet corn with im-

idacloprid and thiamethoxam seed treatments.

Crop Protec. 21, 25-31.

Fitzgerald, J. (2004) Laboratory bioassay and

field evaluation of insecticides for control of An-

thonomus rubi, Lygus rugulipennis and

Cheatosiphon fragaefolii, and effects on benefi-

cial species in UK strawberry production. Crop

Protec. 23, 801-809.

Putter, 1., MacConnell, J.G., Preiser, F.A., Hai-

dri, A.A., Ristich, S.S., Dybas, R.A. (1981)

Avermectins: Novel insecticides acaricides and

nematicides from a soil microorganism. Experi-

entia. 37, 963-964.

[10]El-Gendy, K.S., Aly, N.M., Mahmoud, F.H.,
Kenawy, A., El-Sebae, A.K. (2010) The role of
vitamin C as antioxidant in protection of oxida-
tive stress induced by imidacloprid. Food Chem.
Toxicol. 48, 215-21.

[11]Braham, M., Glida-Gnidez, H., Hajji, L. (2012)
Management of the tomato borer, Tuta absoluta
in Tunisia with novel insecticides and plant ex-
tracts. OEPP/EPPO Bulletin. 42(2), 291-296.

[12]Schinzoumka, P.A., Jean, A.N., Valére, T.
(2016) Effects of Acacia albida and Crotalaria
retusa on the Growth and Development of To-
mato. J. Agric. Ecol. Res. Int. 8, 1-9.

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

FEB



VVolume 28 — No. 1/2019 pages 376-382

[13]Strain, H.H., Svec, W.A. (1966) Extraction sep-
aration estimation and isolation of the Chloro-
phylls. In: Vernon, L.P., Seely G.R. (Eds.) The
Chlorophylls. Academic Press, New York, 21-
65.

[14]Bates, L.S., Waldren, R.P., Teare, 1.D. (1973)
Rapid determination of free proline for water
stress studies. Plant Soil. 39, 205-207.

[15] Velikova, V., Yordanov, I., Edreva, A. (2000)
Oxidative stress and some antioxidant systems
in acid rain-treated bean plants: Protective role
of exogenous polyamines. Plant Sci. 151, 59-66.

[16] Beauchamp, C., Fridovich, 1. (1971) Superoxide
dismutase: Improved assays and an assay appli-
cable to acrylamide gels. Anal. Biochem. 44,
276-287.

[17]Kraus, T.E., Fletcher, R.A. (1994) Paclobutra-
zol protects wheat seedlings from heat and par-
aquat injury. Is detoxification of active oxygen
involved? Plant Cell Physiol. 35, 45-52.

[18] Chance, B., Maehly, C. (1955) Assay of catalase
and peroxidases. Methods Enzymol. 2, 764-775.

[19] Bradford, M.M. (1992) A rapid and sensitive
method for the quantitation of micrograms
quantities of protein utilizing the principle of
protein-dye binding. Anal. Biochem. 44, 276-
287.

[20] Cakmak, 1., Horst, W.J. (1991) Effect of alumin-
ium on lipid peroxidation, superoxide dis-
mutase, catalase, and peroxidase activities in
root tips of soybean (Glycine max). Physiol.
Plantarum. 83, 463-468.

[21]Weisany, W., Sohrabi, Y., Heidari, G., Siose-
mardeh, A., Ghassemi-Golezani, K. (2012)
Changes in antioxidant enzymes activity and
plant performance by salinity stress and zinc ap-
plication in soybean (Glycine max L.). Plant
Omics J. 5, 60-67.

[22] Ozturk, 1., Tosun, N. (2004) Physiological Ef-
fect of a Fungicide with the Famoxadone and the
Cymoxanil Agents on Tomato (Lycopersicon
esculentum Mill.). Plant. J. of Agric. Fac. of Ege
Uni. 41, 77-87.

[23]lvanov, S., Shopova, E., Kerchev, P., Sergiev,
l., Miteva, L., Polizoev, D., Alexieva, V. (2013)
Long-term impact of sublethal atrazine perturbs
the redox homeostasis in pea (Pisum sativum L.)
plants. Protoplasma. 250, 95-102.

[24]Zhang, B., Chu, G., Wei, C., Ye, J., Li, Z,
Liang, Y. (2011) The growth and antioxidant
defense responses of wheat seedlings to ometho-
ate stress. Pest. Biochem. Physiol. 100, 273-
279.

[25] Coskun, Y., Kilic, S., Duran, R.E. (2015) The
effects of the insecticide pyriproxyfen on germi-
nation, development and growth responses of
maize seedlings. Fresen. Environ. Bull. 24, 278-
284,

381

Fresenius Environmental Bulletin

[26]Parween, T., Jan, S., Mahmooduzzafar and
Fatma, T. (2011) Alteration in nitrogen metabo-
lism and plant growth during different develop-
mental stages of green gram (Vigna radiata L.)
in response to chlorpyrifos. Acta Physiol. Plant.
33, 2321-2328.

[27]Hopkins, W.G. (1995) Introduction to plant
physiology. New York, U.S.A. 115, 271-449.

[28] Sharma, 1., Bhardwaj, R., Pati, P.K. (2015) Ex-
ogenous application of 28-homobrassinolide
modulates the dynamics of salt and pesticides
induced stress responses in an elite rice variety
Pusa Basmati-1. J. Plant Growth Regul. 34, 509-
518.

[29]Saladin, G., Magné, C., Clément, C. (2003)
Stress reactions in Vitis vinifera L. following
soil application of the herbicide flumioxazine.
Chemosphere. 53, 199-206.

[30]Pogosyan, S.I., Shevchenko, N.V., Merziyak,
M.N. (2003) Situmilation of nadph-dependent
lipid peroxidation by 2,4- dichlorophenoxyace-
tic acid, 2.4.5- trichchlorophenoxyacetic acid
and diquat in microcomes isolated from Pisum
sativum. Plant Sci. Letters. 37(1-2), 69-72.

[31]1Du, Q.P., Jia, X.S., Yuan, B.H. (2006) Toxic ef-
fects of 1,2,4-trichlorobenzene on rice seed ger-
mination and seedling growth. Chinese J. Appl.
Ecol. 17, 2185-2188 (in Chinese with English
abstract).

[32] Lepedus, H., Gaca, V., Viljevac, M., Kovac, S.,
Fulgosi, H., Simic, D., Jurkovic, V., Cesar, V.
(2011) Changes in photosynthetic performance
and antioxidative strategies during maturation
of Norway maple (Acer platanoides L.) leaves.
Plant Physiol. Biochem. 49, 368-376.

[33]Mishra, V., Mishra, P., Srivastava, G., Prasad,
S.M. (2011) Effect of dimethoate and UV-B ir-
radiation on the response of antioxidant defense
systems in cowpea (Vigna unguiculata L.) seed-
lings. Pest. Biochem. Physiol. 100, 118-123.

[34] Mishra, V., Srivastava, G., Prasad, S.M. (2009)
Antioxidant response of bitter gourd (Momor-
dica charantia L.) seedlings to interactive effect
of dimethoate and UVB irradiation. Sci. Hortic.
120, 373-378.

[35]Zhang, G.L., Chen, W.J., Wang, L., Jin, T., Dai,
Q.G., Sun, G.R., Xu, K., Huo, Z.Y., Zhang, H.C.
(2008) Physiological reaction of wheat seedling
to 124-trichlorobenzene stress. Acta Ecol.
Sinica. 28, 4388-4395.

[36] Zhang, G.L., Chen, W.J., Qiu, L.M,, Sun, G.R.,
Dai, Q.G., Zhang, H.C. (2009) Physiological re-
sponse to 124-trichlorobenzene stress of differ-
ent rice genotypes. Acta Agron. Sinica. 35, 733-
740.

FEB



VVolume 28 — No. 1/2019 pages 376-382

[37]Shakir, S.K., Kanwal, M., Murad, W., ur

Rehman, Z., ur Rehman, S., Daud, M.K., Az-
izullah, A. (2016) Effect of some commonly
used pesticides on seed germination, biomass
production and photosynthetic pigments in to-
mato (Lycopersicon esculentum). Ecotoxicol-
ogy. 25(2), 329-341.

[38] Majid, U., Mahmooduzzafar, Siddiqi, T.O., Ig-

bal, M. (2014) Antioxidant response of Cassia
angustifolia Vahl. to oxidative stress caused by
Mancozeb, a pyrethroid fungicide. Acta Phys-
iol. Plant. 36, 307-314.

Received: 30.8.20108
Accepted: 10.11.2018

CORRESPONDING AUTHOR

Mahmut Yildiztekin,

Department of Herbal and Animal Production,
Koycegiz Vocational School,

Mugla Sitki Kocman University,

Kdycegiz, 48800, Mugla — Turkey

e-mail: mahmutyildiztekin@mu.edu.tr

382

Fresenius Environmental Bulletin

FEB



