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Some physiological effects of acetamiprid on two cultivars of corn plants

Algunos efectos fisioldgicos de acetamiprid en dos cultivares de plantas de maiz

Turkyilmaz Unal B! & A Esiz Dereboylu?

Abstract. The aim of the study was to investigate some physiolog-
ical effects of an insecticide (Akira 20-SP) with acetamiprid agent on
Cin misir Adapop 10 and Sert misir Adapop 2 cultivars of corn plants
in different concentrations [0 g/L, 0.6 g/L (recommended concentra-
tion), 1.2 g/L]. Photosynthetic pigment substances, total soluble pro-
tein and proline contents were determined. Analysis of treated leaves
showed that the recommended concentration resulted in higher chlo-
rophyll value in Cin misir Adapop 10 and Sert misir Adapop 2. Ca-
rotenoid amounts increased in Cin misir Adapop 10 and decreased in
Sert misir Adapop 2 to the control. Total protein contents decreased
in x2 recommended concentration in Cin misir Adapop 10 and in
all treatment groups in Sert misir Adapop 2 and proline amounts
significantly increased in proportion to the increasing concentration
in both cultivars. Especially high concentrations of acetamiprid affect
plant metabolism of both cultivars negatively.

Keywords: Insecticide; Photosynthetic pigment; Proline; Pro-
tein; Zea mays L.

Resumen. El objetivo de este estudio fue investigar algunos efec-
tos fisiolégicos de un insecticida (Akira 20-SP) con acetamiprida a
diferentes concentraciones [0 g/L; 0,6 g/L (concentracién recomen-
dada), 1,2 g/L] en dos cultivares de maiz (Cin misir Adapop 10 y
Sert misir Adapop 2). Se determinaron pigmentos fotosintéticos,
proteina total soluble y contenido de prolina. Los contenidos de clo-
rofila total y de carotenoides fueron mayores en las hojas expuestas a
las concentraciones recomendadas para Cin misir que en sus contro-
les. Contrariamente, el doble de la concentracién recomendada para
Sert misir mostré menores valores para clorofila total y carotenoides
que sus controles. Los contenidos de proteina total disminuyeron en
el doble de la concentracién recomendada de Cin Misir Adapop 10
y en todos los tratamientos en Sert misir Adapop 2. El contenido de
prolina increment6 significativamente en plantas de ambos cultivares
tratados con acetamiprida en comparacién al control. Este estudio
mostré que concentraciones altas de acetamiprida tuvieron algunos
efectos negativos en la fisiologia de plantas de maiz. El uso de pesti-
cidas deberia ser controlado siguiendo los estindares de paises desa-
rrollados para proteger la salud y el ambiente.
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INTRODUCTION

Modern agriculture largely relies on the extensive applica-
tion of agrochemicals, including inorganic fertilizers and pes-
ticides. Insecticides are a pesticide used against insects. The use
of insecticides is believed to be one of the major factors behind
the increase in agricultural productivity in the 20th century
(van Emden & Pealall, 1996). The widespread use of insecti-
cides over the past 30 years has resulted in problems caused by
their interaction with natural biological systems. They can harm
plants and animals ranging from beneficial soil microorganisms
and insects, nontarget plants, fish, birds, and other wildlife.
Also, pesticides are one of the reason for water pollution and
soil contamination (Ware & Whitacre, 2004; Sanders, 2010).

Acetamiprid is a systemic and contact insecticide; its chemi-
cal formula C, H, CIN, belongs to the neonicotinoids group.
Owing to its broad insecticidal spectrum and relatively low acute
and chronic mammalian toxicity, acetamiprid is used widely in
crop protection (Tomizawa et al., 2000; Fitzgerald, 2004; Yao et
al.,2006). Though the halflife of acetamiprid under field condi-
tions was reported to be about 2.8-14 days (Singh & Kumar,
2008), the risk of its ambient pollution, principally in water,
is still present (Seccia et al., 2005). Acetamiprid exposure has
been proven to have an adverse effect on greenhouse workers
spraying this insecticide (Marin et al., 2004), soil microorgan-
isms (Yao et al., 2006) and beneficial insects (Fitzgerald, 2004).
'The adverse impact of insecticides on natural enemies can be
mitigated through choice of the insecticide and the dosage, and
timing of the insecticide application (Obrycki & Kring, 1998).
Biological control and selective insecticides have proven to be
compatible strategies in integrated pest management (IPM)
programs (Giles & Obrycki, 1997).

However, reports in the literature on the effects of insec-
ticides on plant growth are limited, although there have been
some reports of increased height and flowering (VanTol &
Lentz, 1999). Most reports simply state a tolerance of the
chemical by the plant (i.e. non-mortality post-treatment) or
improved seed vigor without further definition (Ayyappath et
al., 2000; Revellin et al., 2001; Delgarde & Rouland-Lefevre,

2002; Foster et al., 2003). Although the effects of insecticides
have been tested on non-target organisms, their effects on
plant physiology and anatomy have not been tested before
approval.

'This study aimed to determine the effects of different con-
centrations of the acetamiprid insecticide on photosynthetic
pigments, and total soluble protein and proline contents on
corn plants.

MATERIALS AND METHODS

The study was conducted in the greenhouse of the Biol-
ogy department, Ege University, Izmir, Turkey. Akira 20-SP,
an insecticide with the acetamiprid agent which protects corn
against aphits and other agents, was applied to two different
cultivars of corn (‘Cin misir Adapop 10’and ‘Sert misir Adapop
2’) at different concentrations [0 g/L, 0.6 g/L (recommended
concentration), 1.2 g/L]. Corn plants (Zea mays L.) were grown
from seeds (from Adapazari Corn Research Institution). Seeds
were sterilized before sowing by first immersing them in 2%
sodium hypochlorite for 5 min, and then making a repeated
rinsing with distilled water. One hundred plants were main-
tained in a plot using a completely Randomized Block Design
(RBD). The first application was carried out on one-month-old
seedlings using a hand sprayer until all leaves became drop-wet.
‘Three more applications were done with 10-day intervals us-
ing the same method. Plants were periodically observed and no
pest infestation or disease infection were detected even on un-
treated plants. Photosynthetic pigments (Lichtenthaler, 1987),
total soluble protein (Bradford, 1976) and proline amounts
(Bates et al., 1973) on corn leaves were determined. There were
four replications for all experiments. The data were analyzed

with Tukey’s Multiple Range Test (Tukey, 1954).

RESULTS AND DISCUSSION

Chlorophyll amounts on corn leaves treated with differ-
ent concentrations of acetamiprid are presented in Table 1.

Table 1. Effects of different concentrations of Acetamiprid on com leaf chiorophyll and carotenoid contents. Standard errors (+) are indicated.
Tabla 1. Efecto de diferentes concentraciones de Acetamiprida en el contenido foliar de clorofila y carotenoide. Los valores son promedios +

error estandar.

Groups Chlorophyll a (mg/mL) Chlorophyll b (mg/mL) Total chlorophyll (mg/mL) Carotenoid (mg/mL)
Cin misir Control 2.455 £ 0.383 0.916 £ 0.171 3.370 £+ 0.554 10.779 = 2.474
Cin misir Rec. Con. 3.113 + 0.266* 1.144 + 0.038 4.257 £ 0.304* 14.134 £ 1.014*
Cin misir Rec. Con.x2 2.608 + 0.126 0.893 = 0.299 3.500 + 0.155 11.386 + 0.701
Sert misir Control 3.765 + 0.117 1.240 £ 0.025 5.004 = 0.143 14.467 £ 0.578
Sert misir Rec. Con. 3.414+0.171 1.746 + 0.821 5.159 £ 0.992 12.231 £2.734
Sert misir Rec. Con.x2 2.446 £ 0.272* 0.842 = 0.019 3.287 £ 0.292* 10.574 £ 0.576*

* Significantly different from control at alpha 0.05 according to Tukey test.

* Significativamente diferente al control (o= 0,05 de acuerdo al test de Tukey).

PYTON ISSN 0031 9457 (2015) 84: 144-147



146

Turkyilmaz Unal B & A Esiz Dereboylu, PYTON 84 (2015)

Total chlorophyll values were greater on leaves exposed to
the recommended concentration than in its control in Cin
misir and Sert misir (Table 1). Contrarily, the x2 recom-
mended concentration showed lower total chlorophyll con-
tents than its control in Sert misir (Table 1).

Different concentrations (5, 10 and 25 ppm) of aldicarb,
carbofuran, phorate fensulfothion and fenamiphos were ob-
served for their pesticidal effects on chickpea plants in terms
of various plant growth parameters such as plant length and
weight, pod numbers, root-nodulations and chlorophyll con-
tent (Tiyagi et al., 2004). Significant improvement in chlo-
rophyll content and plant growth were noted at the lower
concentrations (e.g., 5 and 10 ppm) of different pesticides,
and 5 ppm concentration proved highly effective and non-
phytotoxic. The phytotoxic effect was noted in those plants
treated with 25 ppm concentration of all pesticides (Tiyagi et
al., 2004). However, Schulz et al. (2007) reported that the in-
crease in leaf chlorophyll was not significant in soybean which
seeds had been treated with imidacloprid and thiamethoxam.

The lowest total chlorophyll amounts were found in the
x2 recommended concentration in Sert misir (Table 1). Simi-
larly, in a study of Gerbera plants applied with Triact 70, plant
growth, flower formation and photosynthesis rate were re-
duced in x4 the insecticide application. This effect was prob-
ably due to decreased net photosynthetic rate and stomatal
conductance (Spiders et al., 2008).

Carotenoid amounts increased in Cin misir Adapop 10
and decreased in Sert misir Adapop 2 in comparison to the
control after insecticide application (Table 1). Tort and Turky-
ilmaz (2003) showed that carotenoid amounts increased in the
recommended concentration of Captan fungicide on pepper
plants. Seedlings of rice, early watergrass (thiobencarb-resistant
and thiobencarb-susceptible biotypes, R and S, respectively),

and late watergrass (thiobencarb-resistant and thiobencarb-
susceptible biotypes, R and S, respectively) were hydroponically
exposed to clomazone at concentrations ranging from 0.08 to
7.9 pM. B-carotene concentrations (pg/g fresh weight) were
measured after a 7-day exposure period. Clomazone inhibited
[-carotene synthesis via inhibition of the non-mevalonate iso-
prenoid synthetic pathway (TenBrook & Tjeerdema, 2005).

'The results presented in Figure 1 demonstrated that pro-
tein amounts decreased under the recommended concentra-
tions and x2 those concentrations in Sert misir in comparison
to its control. Similarly, a decline was noticed in total proteins
and RNA content of wheat shoots as a function of the ap-
plied pesticides (Abo-El-Seoud & Frost, 1998). Also, protein
amounts of Cin misir Adapop 10 were similar under recom-
mended concentrations (0.325 mg/g) to the control (0.304
mg/g). Concentration of 2.5 (recommended concentration) as
well as 5 g/L Captan fungicide showed higher protein con-
tents on pepper leaves than the higher concentration and the
control (Tort & Turkyilmaz, 2003).

Proline amounts significantly increased in proportion to
the increasing concentration in Cin misir Adapop 10 and
Sert misir Adapop 2 in Figure 1. The highest amounts of pro-
line were 41.242 pmol/g in Cin misir Adapop 10, and 26.150
pmol/g in Sert misir Adapop 2. Similarly, the amounts of
proline in Cin misir Adapop 10 and Sert misir Adapop 2 in-
creased in all application groups of a fungicide with a thiram
agent (Tort et al., 2006). Forty-five-day-old plants of Glycine
max (soybean) were exposed to several Deltamethrin (syn-
thetic pyrethroid insecticide) concentrations (0.00%, 0.05%,
0.10%, 0.15% and 0.20%) through foliar spray under field
conditions. In the treated plants, lipid peroxidation, proline
content and total glutathione content increased, whereas the
total ascorbate content decreased, as compared with the con-
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Fig. 1. Effects of different concentrations of Acetamiprid on com leaf protein (a) and proline (b) contents. Standard errors (+) are indi-
cated. * Significantly different from control at alpha 0.05 according to Tukey test. a: Cin misir Control, b: Cin misir Rec. Con., ¢: Cin misir
Rec. Con.x2, d: Sert misir Control, e: Sert misir Rec. Con., f: Sert misir Rec. Con.x2.

Fig. 1. Efectos de diferentes concentraciones de Acetamiprida en el contenido foliar de proteina (a) y prolina (b). Los valores son promedios +
1 error estandar. * Significativamente diferente al control (alfa = 0,05 de acuerdo al test de Tukey). a: Cin misir Control, b: Cin misir Rec. Con.,
¢: Cin misir Rec. Con.x2, d: Sert misir Control, e: Sert misir Rec. Con., f: Sert misir Rec. Con.x2.
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trols (Bashir et al., 2007). Also, analysis of leaves showed that
the amounts of photosynthetic pigments and protein reduced,
while the amount of proline increased under all concentra-
tions of a fungicide with a Diniconazole agent on some barley
cultivars (Tort et al., 2004).

In our study, treatment with insecticide concentrations
yielded lower values of chlorophyll, carotenoid and protein
amounts in the Sert misir cultivar of corn, except proline (Table
1 and Figure 1). Similarly, treatment with higher Captan fungi-
cide concentrations yielded lower values of all investigated leaf
contents in pepper (Tort & Turkyilmaz, 2003).

CONCLUSION

Human health and environment has gained great impor-
tance in the modern world. The widespread use of insecticides
has resulted in problems caused by its interaction with the
natural biological systems. Our study showed that higher
amounts of acetamiprid have some negative effects on corn
plant physiology. Thus, the use of pesticide should be con-
trolled following the standards of developed countries to pro-
tect health and the environment.
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