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Abstract

Pesticides are usually used to eliminate weeds and insects to improve crop quality and yield. 
The present study was undertaken to explore pesticides (Lambda cyhalotherin (LC) and Emamectin 
benzoate (EB)) related physiological, biochemical and ultrastructural changes in leaves of maize 
seedlings at different concentrations of LC and EB both singly (LC100, LC500, LC800, EB100, EB300, 
EB600 mg/L) and jointly (LC500 + EB300 mg/L) along with control.  Germination percentage, root stem 
and leaf lengths increased at lower concentrations of both pesticides and significantly decreased with 
the increase in the external application of pesticides. At higher concentrations of LC and EB (i.e., LC800 
and EB600 mg/L) the mean values of growth and biomass of maize leaves were lower than control. Also, 
decreases in  photosynthetic pigments and ion concentration of Na1+, Ca2+ and K1+ were significant when 
the concentration of both pesticides increased. The melondialdehyde (MDA) contents decreased, while 
the amount of hydrogen peroxide (H2O2) production increased at higher doses in cases of single and 
joint applications. With the increase in their concentrations, the activities of antioxidant enzymes such 
as superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) were found to be pronouncedly 
enhanced as compared to control. Ultrastructural alterations in  mesophyll cells of maize leaf were 
mostly found in chloroplast and nucleus. The present study revealed that short-term exposure of maize 
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Introduction

Pesticides are a class of xenobiotic compounds 
that  have been used to destroy or repel unwanted 
animals, insects and plants (weeds) for several decades. 
They consist of a wide range of compounds, namely 
herbicides, nematicides, insecticides, molluscicides, 
etc. In developing countries, they are used extensively 
and their application is expected to increase in coming 
years.  All classes of pesticides are of great global 
concern because they not only pollute our biosphere 
but also cause adverse effects on human health as well 
as crop yields [1]. They are classificed according to 
their hazardous effects, and all of them either fall into 
the category of highly (34.2%) or moderately (35.0%) 
poisonous [2]. In human beings, they  have significant 
chronic health effects, including cancer, neurological 
effects, diabetes, respiratory diseases, fetal diseases, 
and genetic disorders. These health effects are different 
depending on the degree and type of exposure [3] to 
various pesticides. In plants, the use of pesticides has 
direct or indirect effects on normal physiological and 
biochemical functions of plants. Their excessive use 
causes various toxicity symptoms in plants, leading 
to reduced seed germination, shoot length, root length 
and biomass,  chlorosis, necrosis, retarded growth and 
photosynthetic efficiency [4, 5]. As a result, plants 
abnormally develop, their growth is inhibited and 
ultimately their survival is threatened. Previous research 
has shown that pesticide-induced abnormal growth and 
development in plants is mostly due to their inability to 
take up the essential micro nutrients [6] present in the 
growth media as well as their modes of action that may 
interfere with photosynthesis, thus causing chlorophyll 
degradation [7-10].

Oxidative stress has core importance in both aboitic 
and biotic stresses. It is produced when there is a critical 
disturbance between the production of antioxidative 
defense and reactive oxygen species (ROS). After 
application, pesticides pass through the degradation 
stage by numerous physiochemical reactions such as 
autolysis, photolysis, rearrangement, and inactivation 
upon binding to soil and macromolecules, and may 
cause the generation of reactive oxygen species (ROS) 
[11]. ROS are highly reactive molecules and cause 
profound demage to various macromolecules of cells, 
that is lipids, proteins and nucleic acids [12]. They are 
such as superoxide (O2•−), hydrogen peroxide (H2O2) 
and hydroxyl radical (OH-). Higher production of ROS 
significantly degrades polyunsaturated lipids, resulting 
in the formation of malodialdehyde (MDA), which 
represents the degree of membrane lipid peroxidation 

of the cells [13]. The MDA is a three-carbon  
dialdehyde molecule that is formed by oxidation of fatty 
acid present in the cell membrane in response to abiotic 
stress [14]. 

Like against any other environmental stress, plants 
also need to alleviate the negative effects of pesticides 
and to protect cellular organelles from pesticide-
induced oxidative damage. They present either a 
detoxification or a biotransformation strategy. In to 
detoxify the pesticides,  plant cells have to activate a 
complex antioxidative defense mechanism comprised 
of various ROS-scavenging enzymatic antioxidants 
such as superoxide dismutase (SOD), peroxidase 
(POD) and catalase (CAT), along with non-enzymatic 
antioxidants such as glutathione, vitamin C and vitamin 
E, which play a significant role in maintaining the 
ROS level within limits [15]. SOD is part of a group of 
metalloenzymes that catalyze the conversion of reactive 
O2- to produce H2O2, and is also the first defense 
against environmental stress. H2O2 can be subsequently 
detoxified by two types of enzymes – CAT and POD 
– and is reduced to water by ascorbate peroxidase 
(APX), utilizing ascorbate (as a specific electron donor). 
Utilizing their biotransformation strategy, plants first 
convert pesticides into a less-toxic product by oxidation, 
reduction and hydrolysis, then conjugate pesticide 
metabolite through glutathione-S transferase and uridine 
diphosphate-glycosyltransferase into sugar, amino  
acid or glutathione, and finally transport these 
metabolites from plants’ cytosol to the vacuoles and 
apoplasts [16].

In our present experiment we used two pesticides, 
namely Lambda cyhalotherin (LC) and emamectin 
benzoate (EB), which have broader uses against insects 
of various summer and winter crops. Single and joint 
applications of these two pesticides (LC and EB) cause 
several toxicity symptoms in plants at various functional 
levels, including physiological, ultramorphological and 
biochemical. Physiological disturbances such as changes 
in growth, water transport, biomass, length of seedlings, 
alteration in the antioxidative enzyme, disturbances in 
the metabolic function of cell organelles, and production 
of ROS have been reported [17]. Ultrastructural studies 
have revealed that pesticides had adverse effects on 
maize leaf. Alterations in the structure of the thylakoid 
in chloroplasts, increased disruption in the  nucleous 
structure, an increase in the number of plastoglubli and 
highly inflated vacuoles in Euptorium adenophorum 
have been reported by Liu et al. [18]. 

In this study, we tested maize seedling responses 
toward single and joint stress of pesticides (lambda 

seedlings to pesticides (LC and EB) caused less stressful effects on maize due to the presence of active 
antioxidative metabolism, which indicates the resistant nature of maize toward these pesticides. 

  
Keywords:	 Emamectin benzoate, lambda cyhalotherin, reactive oxygen species, antioxidative defense, 
electron microscopy



Pesticide-Induced Physiological, Metabolic... 2249

cyhalotherin and emamectin benzoate) using various 
physiological, biochemical and ultramorphological 
responses of leaves. Maize is known as the “king of 
grain crops”, having a number of uses such as ethanol 
production, food and feed for animals, remediation 
of varios toxic metals, etc. [19]. Maize is the  
third largest cultivated crop in Pakistan, covering 
896,000 hectares after wheat and rice. Both Punjab  
and Khyber Pakhtunkhwa account for 98% of the 
area under maize cultivation. Keeping in view the 
drastic effects of pesticide usage in plants, we designed 
the present experiment using various physiological, 
biochemical and ultramorphological approaches to gain 
comprehensive knowledge of the responses of maize 
seedlings under single and joint exposure of pesticides, 
i.e., LC and EB. 

Materials and Methods

Plant Culture Conditions

Maize (cv Azam) was used in the present 
experiment. Uniform-sized seeds were surface sterilized 
using 70% ethanol for 3min and then rinsed with 
distilled water 2 to 3 times. Sterilized seeds were kept at 
room temperature to dry them. The next day they were 
sown in sand culture supplemented with 20ml nutrient 
solution having different concentrations of two pesticide 
solutions (EB and LC) on their own and in combination 
with concentrations in mg/L/1 Kg of sterilized sand 
[i.e., 0 (control), EB100, EB300, EB600ppm, LC100, LC500, 
LC800 mg/L, and Joint (EB300 + LC500 mg/L)] for 12 days 
under controlled growth conditions. Seeds were kept in 
complete darkness for the first three days and thereafter 
14:10 hours photoperiod under white fluorescent light 
was provided for the next 9 days at a temperature of 
28.00±2.00ºC culture temperatures and 60% relative 
humidity. After three days, pots were nourished on a 
daily basis with 10ml Hoagland’s nutrient solution per 
pot with pH of 5-6. The pesticide solution, 20ml per pot, 
was refreshed on the 10th day, followed by harvesting 
on the 12th day of sowing. The next day, seedling 
roots were thoroughly washed with 20 mM EDTA-
Na2 for 15 min in order to remove adherent metals. 
Then, seedlings were divided into roots, stems, and 
leaves for physiological, biochemical, and ultrastructural 
studies.

Measuring Physiological Parameters

 The number of germinated seeds were examined 
after every 12 h for 4 days. At the end of the experiment 
various physiological parameters such as length  
(root, stem and leaf), fresh and dry biomasses (root, 
stem and leaf) were measured in centimeter (cm) and 
grams respectively. To determine the dry biomass, 
all parts of the seedlings were oven-dried at 80ºC for  
72 hours.

Measurements of Photosynthetic Pigments 
and Ion Concentrations

A dried plant sample (25 mg) was taken in a test 
tube and magnesium oxide (MgO) (25 mg) was added 
to neutralize plant acid and prevent the formation of 
pheophytin. Then methanol (5 ml) was added and 
the sample was homogenized with a shaker for 2 h. 
The turbid pigment extract was transferred to a 5 ml 
graduated centrifuge tube and centrifuged for 5 minutes 
at 4000 rpm at room temperature. After centrifuging, 
the supernatant was transferred with a pippet to a  
1-cm path length cuvette and absorbance readings 
were taken against a solvent blank in a UV-VIS 
spectrophotometer at three different wavelengths:  
666 nm, 653 nm and 470 nm. Chlorophyll “a”, “b” and 
total carotenoids were calculated according to equations 
given by Lichtenthaler and Wellburn [20]:

Ca = 15.65 A666 – 7.340 A653

Cb = 27.05 A653 – 11.21 A666

Cx+c = (1000 A470 – 2.860 Ca – 129.2 Cb)/ 245

The modified method of Awan and Salim [21] was 
used to determine ions. Oven-dried leaf materials were 
ground to fine powder for ion analysis using a flame 
photometer. Twenty-five mg dry material of both roots 
and leaves were continuously digested with the mixture 
of hydrogen peroxide and sulphuric acid at a ratio of  
2:1 (v/v) in a 50 ml beaker with continuous heating  
until small oily drops were obtained. After this,  
25 ml of distilled water was added to each sample. 
Beakers were put in a shaker in order to digest the 
materials completely, followed by filtration. For specific 
ion analysis, 100 ppm concentration standard was 
prepared. After preliminary standardization of the  
flame photometer with standard solutions, the 
concentrations of Na+, K+ and Ca+2 were determined in 
all plant samples.

Determination of Lipid Peroxidation 
and Hydrogen Peroxide

 Approximately 0.8 g leaf material was taken from 
both pesticide-treated and control maize seedlings 
and was used for determining lipid peroxide and 
hydrogen peroxide. The sample crushed in 8.0ml of 
trichloroacetic acid (TCA) (0.1%, w/v) at ice conditions 
and the homogenate was centrifuged at 14,000 g for 
20 min. Lipid peroxidation was estimated in terms of 
malondialdehyde (MDA) contents and was determined 
as 2-thiobarbituric acid (TBA) reactive substances 
following the method of  Daud et al. [22]. For 
determining hydrogen peroxide (H2O2) content we used 
the protocol of Velikova et al. [23]. The reaction mixture 
of 4 mL contained 1ml supernatant, 1ml phosphate 
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buffer solution, and 2ml of 1M potassium iodide (KI). 
The absorbance was  measured at 390 nm. H2O2 content 
was determined using an extinction coefficient of  
0.28 𝜇Mcm−1 and expressed as 𝜇mol g−1 FW. 

Measurement of Total Soluble Protein (TSP), 
Total Soluble Sugar (TSS) and  Proline

 In order to determine the total soluble proteins, 
0.8 g leaf sample was homogenized in 8ml of 50 mM  
potassium phosphate buffer (PBS) (pH = 7.8) under 
chilled conditions. The crude extract was centrifuged 
at 14,000 rpm for 15 min at 4ºC and the supernatant 
was used for determining total soluble protein using 
the method of Bradford [24] using bovine albumin as 
a standard. Total soluble sugar in leaves was estimated 
by the method of Dey [25]. Briefly, 0.5 g leaves were 
crushed twice with hot 90% ethanol. The ethanol 
extracts were then combined. The final volume of the 
pooled extract was made to 25 ml with double-distilled 
water. A suitable aliquot was taken from the extract and 
1 ml 5% phenol and 5 ml concentrated sulphuric acid 
were added. Final volume of this solution was made 
up to 10 ml with the addition of double-distilled water. 
Absorbance of extract was measured at 485 nm using 
a UV-Vis spectrophotometer. Proline concentration in 
treated and untreated leaves of maize seedlings was 
determined spectrophotometrically by the method of 
Bates et al. [26].

Determination of Antioxidant Enzymes 
Activities

 In the present experiment, we also calculated 
various ROS-scavenging enzymes using the previously 
published protocols. Leaves were homogenized in 
ice-cold 50 mM sodium phosphate buffer (pH 7.8) 
containing 2 mM ethylenediamine-tetra acetic acid 
(EDTA) and 1% (w/v) polyvinyl-polypyrrolidon (PVP). 
The crude enzyme extract was twice centrifuged at 
12,000 rpm for 15 min at 4ºC and the supernatants were 
analyzed for enzyme activities.

Superoxide dismutase (SOD) (EC1.15.1.1) activity 
was determined according to Zhang et al. [27] following 
the inhibition of photochemical reduction due to nitro 
blue tetrazolium (NBT). The total reaction mixture 
consisted of 50 mM potassium phosphate buffer  
(pH = 7.8), 13 mM methionine, 75 mM NBT, 2 mM 
riboflavin, 0.1 mM EDTA-Na2 and 100 µl of enzyme 
extract in a 3 ml volume. One unit of SOD activity 
was measured as the amount of enzyme required to 
cause 50% inhibition of the NBT reduction measured at  
560 nm.

Peroxidase (POD, EC1.11.1.7) activity was assayed 
as described by Ali et al. [28]. Briefly, the reactant 
mixture contained 50 mM potassium phosphate buffer 
(pH = 7.8), 1.0 % guaiacol, 0.4 % H2O2 and 100 µl 
enzyme extract. Variation due to guaiacol in absorbance 
was measured at 470 nm. Catalase (CAT) (EC 1.11.1.6) 

activity was measured according to Daud et. al. [22]. 
Briefly, the disappearance of H2O2 was monitored 
by measuring the decrease in absorbance at 240 nm  
(E = 0.036mM−1 cm−1) of a reaction mixture consisting 
of 25 mM potassium phosphate buffer (pH 7.8),  
10 mMH2O2, and enzyme extract.

Transmission Electron Microscopy

 Transmission electron microscopy of leaf mesophyl 
cells was performed by using the protocol of Daud et 
al. [29]. Leaf fragments without veins (approximately  
1 mm2) of randomly selected plants were fixed overnight 
in 2.5% glutaraldehyde (v/v) in 0.1 M PBS (sodium 
phosphate buffer, pH 7.4) and washed three times with 
the same PBS solution. The samples were post fixed  
in 1% OsO4 (osmium (VIII) oxide) for 1 hr, then 
washed three times in 0.1 M PBS (pH 7.4) with 10 min 
intervals between each washing. Then, with a 15-20 min 
interval they were dehydrated in a graded ethanol  
series (50, 60, 70, 80, 90, 95, and 100%) and finally by 
absolute acetone for 20 min. The samples were then 
infiltrated and embedded in Spurr’s resin overnight. 
After heating the specimens at 70ºC for 9 h, the ultra-
thin sections (80 nm) were prepared and mounted on 
copper grids for viewing in the transmission electron 
microscope (JEOL TEM-1230EX) at an accelerating 
voltage of 60.0 kV. 

Statistical Analyses

 The data were subjected to one-way analysis of 
variance (ANOVA) using STATIX9 for statistical 
significance at P<0.05. All the results were the mean±SE 
of three replicates results. Means were separated by 
least significant difference (LSD) test at 5% significance 
level.

Results

Effects of Pesticide Application 
on Physiological Parameters

Effects on Root, Shoot and Leaf Length

Table 1 shows mean data of germination and 
length (root, stem and leaf) of maize seedlings under 
single and joint toxicity of pesticides (LC and EB). 
Low levels of pesticides increased the mean values 
of these parameters. However, they significantly 
decreased with the increase in the concentrations of 
these pesticides. The joint application of both pesticides 
also pronouncedly reduced the mean values of these 
parameters. The lowest germination percentage was 
noted at higher concentrations of both pesticides, i.e., 
35.80 and 38.36% at 800 mg/L LC and 600 mg/L EB, 
respectively. Furthermore, the highest reduction was 
found in leaf length of both pesticides L800 (52.92%) 
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and E600 (52.79%), followed by root length of maize 
seedlings at LC800 (47.43%) and EB600 (40.11%). The joint 
stress significantly reduced the lengths in the order of 
leaf>root>stem.

Effect on Biomass (Fresh and Dry Weight)

The mean values of fresh and dry biomass of 
root, stem and leaf of maize cultivars along with their 
relative increase or decrease are presented in (Table 2).  
The tabulated data shows that fresh and dry  
biomasses of the root, shoot and leaf decreased  
at high concentrations of pesticides (LC800mg/L and 
EB600 mg/L) as compared to control. However, comparing 
seedlings treated with both pesticides with control at 
lower reduction in mass was observed while the percent 
inhibitory rates increased at LC100 and EB100 mg/L relative 
to control samples. 

Effect of Pesticide Application on Biochemical 
Parameters (i.e., Photosynthetic Pigments and Ionic 

Concentrations, Oxidative Metabolism)

Mean data for photosynthetic pigment and ionic 
concentrations shows variable responses (Table 3). As 
a whole, statistically significant inhibition (P<0.05) 
was found in chlorophyll a and b, carotenoids and 
ionic content relative to control samples. At higher 
concentrations LC800, EB600 and joint stress of both 
pesticides, the mean value of chlorophyll a was reduced 
from 7.08 to 4.32 and 3.78, respectively. In the case 
of chlorophyll b and carotenoids, a similar inhibition 
pattern was observed.

Pesticide stress affected the ionic contents of maize 
seedlings. Ca++ and K+ content increased by 20.67% 
(LC800 and EB600) and 43.25% at LC800 and 30.81% at 
EB600 respectively. At joint stress, Ca++ and K+ were 
11.97% and 42.71% respectively over their respective 

Table 1. Seed germination and seedling lengths (root, stem and leaves) of maize under single and joint toxicity of pesticides; values are 
means±SE of three replications.

Table 2. Biomass of roots, stems and leaves of maize under single and joint toxicity of pesticides; values are the means±SE of three 
replications.

Treatment (mg/L) Germination (%)
Length (cm/plant)

Root Stem Leaf

CK     100±0.29b  17.90±1.87b 6.39±0.13a 23.60±1.36a

LC100     117.67±0.05a 22.21±0.96a 6.62±0.29a 25.02±0.56a

LC500     47.12±0.13c      13.33±0.30c 4.12±0.11b 17.28±1.21b

LC800     35.80±0.07d      9.41±0.31d 2.67±0.46c 11.11±0.62c

EB100     115.71±0.15a      19.53±0.43a 6.60±0.17a 25.04±0.19a

EB300     52.87±0.44c      14.72±0.99b 4.26±0.18b 15.34±1.81b

EB600     38.36±0.18d      10.72±0.53c 3.17±0.25c 11.14±0.43c

LC500+EB300 63.44±0.08b 12.80±0.99a 3.21±0.28b 13.36±0.47b

CK: Control, LC: Lambda Cyhalotherin, EB: Emamectin Benzoate

Treatment
(mg/L)

Fresh Biomass (gm/plant) Dry Biomass (gm/plant)

Root Stem Leaf Root Stem Leaf

CK 1.30±0.03a 1.01±0.00a 0.78±0.03b 0.06 ±0.00ab 0.07±0.00a 0.07±0.00ab    

LC100 1.35±0.10a 1.07±0.00a 1.11±0.19a    0.08±0.00a 0.07±0.00a 0.08±0.00a

LC500 1.06±0.04b 0.82±0.11b 0.62±0.07b 0.05±0.00b 0.05±0.00b 0.05±0.00b       

LC800 0.62±0.16c 0.43±0.04c 0.36±0.09c 0.01±0.00c 0.02±0.00c 0.03±0.00c

EB100 1.33±0.10a 1.04±0.00a 0.98±0.06a 0.07±0.00a 0.07±0.00a 0.07±0.00a

EB300 1.28±0.14a 0.97±0.04a 0.57±0.06c 0.05±0.00b 0.06±0.00a 0.06±0.00b

EB600 0.57±0.14b 0.55±0.05b 0.40±0.04c 0.02±0.00c 0.03±0.00b 0.04±0.00c

LC500 + EB300 1.06±0.13b 0.62±0.62b 0.55±0.05b 0.05±0.00a 0.05±0.00b 0.05±0.00b

CK: Control, LC: Lambda Cyhalotherin, EB: Emamectin Benzoate.
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control. Furthermore, Na+ level increased up to 100ppm 
in both pesticide-treated plants, i.e., LC (6.07%) and 
EB (3.46%), and then declined the percentage at higher 
concentration of both pesticides, i.e., LC at 800 mg/L 
(38.27%) and EB at 600mg/L (44.35%), and recorded 
45.21% at joint pesticidal stress (Table 3).

We also investigated the biomarkers of oxidative 
stress such as MDA and H2O2. Lipid peroxidation in 
terms of MDA contents in leaves of maize seedlings is 
shown in Table 4. MDA contents in leaves were lower 
than their respective controls. Lowest MDA contents 
(46.20% and 19.31% over control were found at lower 
concentrations of both pesticides LC100 and EB100, 
respectively. As a whole, mean values of MDA contents 
were higher at LC800 (4.82%) over the other lower 
concentration of pesticides. However, the H2O2 contents 
in leaves almost increased with the increase in the levels 
of both types of pesticides. At LC500, EB300 and joint 
(LC500 + EB300) level, mean data showed a 194.35%, 
157.25% and 140.31% increase over control.

Antioxidant enzyme (viz. SOD, POD, and CAT) 
activities in leaves of maize seedlings are shown in 
Table 4. As we increased the concentration of pesticidal 
stress, activities of these enzymes also increased.  
The maximum contents of SOD at LC800 mg/L and 
EB600 mg/L (370.68%and 367.64%) and POD (270.67% 
and 237.96%) were observed respectively. While at 
combined stress, the mean value of SOD and POD 
increased over the control. The increase of CAT activity 
was statistically significant at higher concentrations of 
both pesticides EB600 and LC800 mg/L, which were 
respectively 0.35 and 0.34 mM/gFW in comparison with 
control (0.02 mM/gFW). 

Effect of Pesticide Stress on Total Soluble 
Proteins (TSP), Total Soluble Sugar (TSS) 

and Proline

The results for the effect of pesticide (EB, LC) on 
various stress biomarkers, i.e., TSP, TSS and proline 

Table 3. Photosynthetic pigments and ion analysis of maize leaves under single and joint toxicity of pesticides; values are the means ± 
SE of three replications.

Treatment
(mg/L)

Chlorophyll (mg/g DW) Ions analysis (mg/g DW)

Chl a Chl b Carotenoids    Na1+    Ca2+ K1+

CK 7.08±0.10b 5.92±0.08b  0.44±0.00ab  38.33±1.20a   30.66±0.66b 61.66±0.66b

LC100 8.19±0.07a 7.33±0.73a 0.48±0.02a  40.66±1.45a    32.66±1.85b 82.33±1.20a

LC500 6.39±0.11c 5.59±0.13b 0.40±0.01b  25.00±1.15b   34.00±0.57ab 85.66±1.45a

LC800 4.32±0.30d 3.76±0.25c 0.33±0.01c  23.66±0.66b    37.00±1.00a 88.33±3.66a   

EB100 7.17±0.16a 6.74±0.34a 0.46±0.00a   39.66±0.88a    33.00±1.00bc 61.87±1.73c

EB300 5.38±0.45b 5.97±0.53a 0.39±0.01b  33.66±1.76a   34.66±0.66ab 72.00±3.21b

EB600 3.78±0.06c 2.80±0.22b 0.28±0.01c  21.33±4.63b   37.00±1.15a 80.66±1.45a 

LC500+EB300 6.31±0.52a 5.95±0.43a 0.42±0.02a   21.00±1.00b    34.33±0.66a 88.00±5.29a   

CK: Control, LC: Lambda Cyhalotherin, EB: Emamectin Benzoate

Table 4. MDA contents and antioxidative metabolism of maize seedling leaves under single and joint toxicity of pesticides; values are 
the means±SE of three replications.

Treatment 
(mg/L)  MDA(nmol/gFW) H2O2(μM/gFW)   SOD(U/g FW)  POD(mM/gFW) CAT(mM/gFW)

CK 1.45±0.11a 1.24±0.01b 156.11± 38.33d 16.57± 2.69b 0.02±0.00c

LC100 0.78±0.53a 0.97±0.11b 315.47± 27.94c 22.30± 0.45b 0.06 ±0.00b

LC500 0.74±0.22a 2.41±0.03a 449.77± 29.48b 27.88± 3.13b 0.16 ±0.01a

LC800 1.38±0.05a 1.16±0.13b 734.79± 5.10a 61.42± 6.13a 0.34 ±0.01a

EB100 1.17±0.08ab 1.10±0.42ab 293.23± 9.64c 23.00± 0.23b 0.06±0.00c

EB300 1.26±0.06ab 1.95±0.31a 485.18± 24.35b 24.11± 0.61b 0.23± 0.01b

EB600 0.72±0.39a 0.85±0.05b 730.04± 4.89a 56.00± 2.77a 0.35±5.05a

LC500+EB300 0.21±0.10b 1.74±0.03a 547.58±  42.55a  23.42± 0.43a 0.21 ±0.02a

CK: Control, LC: Lambda Cyhalotherin, EB: Emamectin Benzoate, MDA: Malondialdehyde, H2O2: Hydrogen peroxide, 
SOD:Superoxide dismutase, POD: Peroxidase, CAT:Catalase.
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Treatment (mg/L) TSP (mg/g  F.W) TSS (mg/g F.W) Proline (umol/gF.W) 

CK 15.10± 0.08d 7.87± 0.93c 14.60±0.36a

LC100 16.92±0.24c 11.00± 0.43b 18.47±0.19c

LC500 19.92±0.31b 12.75± 0.62b 22.82±0.93b

LC800 24.84±0.19a 17.91± 1.33a 26.95±0.43a

EB100 17.51±0.39c 10.12± 0.87bc 19.58±0.48c 

EB300 19.42±0.57b 12.41± 0.46ab 25.13±0.38b 

EB600 24.40± 0.49a 15.83± 1.83a 28.50±0.20a

LC500+EB300 21.78±0.33b 13.04± 0.29a 21.80±0.46b

CK: Control, LC: Lambda Cyhalotherin, EB: Emamectin Benzoate, TSP: Total Soluble Proteins, TSS: Total Soluble Sugars.

Table 5. Metabolites of maize seedling leaves under single and joint toxicity of pesticides; values are the means±SE of three replications.

Fig. 1. Electron micrograhps of transmission (A–H) of maize leaf mesophyll cell in both pesticide non-stressed (A-B) and pesticide-
stressed conditions L800 (C-D), E600 (E-F), J(L500 + E300)(G-H); CW= cell wall, Thy = thylakoids, PG = plastoglobuli, N = nucleus, Nu = 
nucleolus, Chl = chloroplast, S = starch granules, LB = lipid bodies.
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are shown in Table 5. Results indicate that total  
soluble protein (TSP) increased with increasing  
pesticide stress as compared to control. Higher mean 
values were recorded at 600mg/L of EB and at 800mg/L 
of LC (24.40 mg/g, 24.84 mg/g) respectively, while at 
combined stress 21.788 mg/g mean value was obtained 
for TSP.

An increase in total soluble sugar (TSS) was 
observed with increasing pesticide levels. Mean values 
recorded at high doses of pesticidal treated plants were 
17.91 and 15.833 mg/g FW as compared to control  
(7.875 mg/gFW) at both 800 mg/L LC and 600 mg/L EB 
respectively. In the case of proline, maximum value was 
measured at higher concentrations, i.e., 26.95 mg/g FW 
in LC (800 mg/L). Similarly in EB600 mg/L, proline 
amount was 28.50 mg/g FW as compared to control 
(14.60 mg/g FW).

Effect of Pesticides on Ultramorphology 
of Maize Leaves

The ultramorphology of leaf mesophyll cells of maize 
seedlings was also studied using transmission electron 
microscopy. The leaf mesophyll cells’ microstructural 
studies revealed evident alterations in both nucleous 
and chloroplast under pesticide stress (Fig. 1(A-H)). 
Under controlled conditions, the nucleus was of normal 
shaped and chloroplast possessed oval shape having 
well arranged thylakoids (Fig. 1(A-B)). However, the 
ultrastructure of pesticide (LC800) treated the leaf’s 
mesophyll cells are noticeably changed. The chloroplast 
ultrastructure deformed. Thylakoids were disturbed 
as well as vacuolar size and their number increased  
(Fig. 1(C-D)).

In EB600-treated cells (Fig. 1(E-F)), almost 
similar ultrastructural changes were observed in leaf 

Fig. 2. Correlation among SOD, POD, TSP, TSS, PROLINE (a-b), H2O2, dry biomass (c-d), MDA dry biomass (e-f) of maize leaf in both 
pesticides lambda cyhalotherin and emamectin benzoate.
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mesophyll cells. An increase in the number of lipid 
bodies were observed. Chloroplasts were misshaped 
with little swollen and disrupted thylakoids. As a 
consequence of joint pesticide stress (i.e., LC500 + EB300), 
(Fig. 1(G-H)), there were pragmatic alterations in 
cellular ultrastructure of the whole leaf as well as 
chloroplasts. Plasmolysis of the cell does occur and 
vacuolar size increased.

Relationship Among Various Parameters 
of Maize Treated with Lambda Cyhalotherin 

and Emamectin Benzoate

In Fig. 2 (a-b), SOD showed positive correlation  
with POD, TSS, TSP and proline of maize seedlings 
treated with pesticides Lambda cyhalotherin and 
Emamectin Benzoate. With the increase in SOD, POD, 
TSS, TSP and Proline of pesticide-treated seedlings 
increased with increased doses of LC and EB. Weak 
positive correlation was found between H2O2 and dry 
biomass (roots, shoots and leaves) of maize treated with 
EB (Fig. 2c). There was a weak negative correlation 
among the above-mentioned parameters with LC  
Fig. 2d). Furthermore, MDA showed positive correlation 
with dry biomass (roots, shoots, leaves) of maize 
treated with EB Fig. 2e). Negative correlation was 
found between MDA and dry biomass treated with LC  
Fig. 2f).

Discussion

Biotic and abiotic stresses of the environment result 
in severe damage to plant health, which finally lead to 
loss in both quality and quantity of the final product. 
Pesticidal stress also causes severe damage to plants, 
thus leading to poor crop production. Seed germination 
is a very complex and sensitive process involving 
various physiological activities at metabolic levels [30]. 
Its physiological and biochemical pathways are easily 
influenced by the presence of toxic elements, namely 
pesticides, in its germinating  environment. Germination 
in the present experiment increased at lower doses of 
both LC and EB (i.e., 100 ppm). Similar was the case 
with various physiological parameters, i.e., biomass 
and shoot, root and leaf length, which were positively 
affected by low doses of LC and EB. However, the mean 
values of all these parameters decreased at higher doses. 
Similar to our results, Somatraken and Pratumna [31] in 
waxy corn also found a positive effect on physiological 
parameters at low concentrations and a negative effect at 
higher concentrations of various pesticides (heptachlore 
and endosulfan sulfate). The significant effect on seed 
germination and seedling vigour under pesticidal 
stress have also been reported in sunflower, pumpkin 
and water morning glory by Chouychai and Lee [32]. 
Chouychai [33] reported that lindaine and endosulfan in 
Brassica chinensis decreased root, shoot and leaf length 
and also decreased fresh and dry weight. 

Calcium ion functions as a secondary messenger 
under stressful conditions [34]. Na+ ions are responsible 
for maintaining membrane potential while K+ ions 
are active and keeping osmotic balance. Their 
concentrations may significantly change under various 
environmental stresses [35]. In the present study, 
calcium and potassium ions increased, and a decrease 
in sodium ion was recorded with increasing pesticidal 
stress in maize seedlings. Due to chemical resemblance 
between the sodium and potassium ions, the uptake of 
potassium ion is increased. 

Quantification of photosynthetic pigments (Chl a, 
b and carotenoids) is an important assay to evaluate 
the plant responses to any environmental stress [36]. 
Changes in pigment concentrations in maize under 
various pesticide stress has also been previously 
demonstrated [37]. In the present study, photosynthetic 
pigments decreased at higher concentrations in cases 
of both pesticides. Similar results were reported by 
Shakir et al. [38] by the application of EB and LC on 
tomato. A decrease in pigment quantification with 
respect to increasing thiram concentrations were also 
found by [39] in a time-dependent manner. A decline in 
chlorophyll pigments could be due to the breakdown of 
thylakoids and chloroplast envelops [40] as revealed by 
evident changes in chloroplast ultrastructural alterations 
(Fig. 1A-H). 

The application of higher levels of pesticides (LC, 
EB) have imposed stressful effects in leaves of  treated 
maize seedlings as shown by the increase in MDA  
and H2O2 content. The present study also confirmed 
that when MDA contents (Table 4)  increased in leaves 
of maize seedlings, the dry matter of roots, stem and  
leaf pronouncedly decreased (Table 2), and excessive 
leakage of electrolytes occured from maize seedlings 
(data not shown). Upregulation of MDA contents in 
the leaves of our experimental maize seedlings reveal 
that lipid perixdation of cellular membranes of leaf cell 
has been done and it indirectly conveys the message 
that oxidative damage has been caused in the leaves 
[41]. To combat such a situation, maize seedlings may 
have stimulated the free enzymes such as SOD, POD, 
and CAT. This is evident by overall increases in the 
mean values of these enzymes in the case of single and 
combined doses of both pesticides. Ferreira et al. [42] 
reported an increase in the activity of SOD in potato 
plants against oxidative damage cause by oxychloride 
fungicide applications. Moreover, upregulation in the 
activities of  SOD, POD and CAT has been reported  
by various research groups using vigna radiata [43], 
tomato [44] and and Brassica campestris [45] as 
test plant species under various pesticidal stresses. 
Furthermore, Chris et al. [46] observed enhanced 
activity of SOD or POD in A. filiculoides exposed 
to pesticide monocrotophs. The upregulation of the 
activities of antioxidant enzymes and the presence 
of positive relationship of ROS with various celluar 
antioxidants reveal that the antioxidative mechanism  
of plants is mainly responsible to combat oxidative 
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stress [47]. Similar results were reported by Nasrabadi 
et al. [48].  

Previous studies have shown that any stress-
related stimuli could cause chloroplast dysfunction 
and photosynthetic damage [49, 50]. Resultantly, the 
synthesis of soluble sugar is negatively affected due to 
disturbance in the photosynthesis. Our present work 
clearly showed that total soluble sugar accumulated 
with an increasing concentration of pesticides, which 
highlights the adaptive strategy of maize seedlings to 
mitigate the ROS produced during pesticidal stress. 
Proline is a compatible solute and is an extensively 
studied molecule in plants under abiotic stress. The 
proteinogenic amino acid proline functions as an 
osmolyte, radical scavenger, electron sink, stabilizer 
of macromolecules, and a cell wall component [51]. 
Our results show that single and joint toxicity of both 
pesticides increased proline accumulation as compared 
to control. Similar results have been reported by Shakir 
et al. [52] and Nasrabadi and Dhumal [48] in tomato and 
brinjal under various pesticide stresses, respectively. 
Total soluble proteins (TSP) also plays a protective 
role during stress in many plant species such as rice, 
wheat, maize and various dicots. In the present study, 
it was noted that total soluble proteins accumulate in 
pesticide-treated plants. Similar findings were reported 
by Dragičević et al. [53] during the application of 
topramezone + dicamba on maize inbred line. Contrary 
to our results, TSP accumulation decreased with the 
higher concentration of pesticides as noted by Dubey et 
al. [54] and Rani et al. [55].  

Alterations in the ultrastructures of leaf mesophyll 
cells were also observed in leaves of maize under single 
and joint stress of pesticides (Fig. 1A-H). The control 
plant had a normal leaf mesophyll cell with regular-
shaped nucleolus, vacuoles, and oval-shaped chloroplast 
having strongly-arranged and well aligned thylakoid. An 
appropriate number of nucleoli could also be observed 
in the electron micrograph (Fig. 1A-B). Electron 
micrographs show disorders in the normal structure 
of leaf mesophyll cells upon the application of both 
pesticides. They caused different kinds of abnormalities 
in various cell organelles such as the nucleous, vacuoles, 
and chloroplast (Figs.1 (C-H)). In pesticides-treated 
leaves, microstructural features such as disorganized 
chloroplast and dilated thylakoid membrane, and marked 
enhancement in a number of plastiglobuli were evident. 
In our study, the TEM analyses showed loosely arranged 
thylakoid lamellas in a leaf’s cells with both pesticide 
(LC and EB) treatments. Our present findings are in line 
with the findings of other researchers. For example, Liu 
et al. [56] found that Rac-metolachlor and S-metolachlor 
had adverse effects on rice leaf cell ultrastructure. Liu 
et al. [18] investigated serious damage in chloroplast 
structure, and photosynthetic efficiency was reduced 
significantly by herbicide treatment (picloram). 
Aksoy and Dane [57] reported that  leaves exposed to 
herbicides alter the chloroplast structure and decrease 
the photosynthesis process in maize cultivar.

Conclusions

In conclusion, both single and joint application 
of pesticides (LC and EB) adversely affected the 
physiological and photosynthetic pigments of maize 
seedlings. Both pesticides significantly influenced 
the metabolic parameters of maize seedling leaves. 
Moreover, the ultrastructures of leaf mesophyll cells 
were pronouncedly altered. Increases in the vacuolar 
size in the present study reveal that maize (Azam) might 
be helpful in accumulating more lambda cyhalotherin 
and emamectin benzoate in the dead parts of the cell. All 
types of parameters studied in the present experiment 
revealed that short-term exposure of maize seedlings 
to pesticides (LC and EB) caused less stressful effects 
on maize due to the presence of active antioxidative 
metabolism. 
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