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DDEEDDIICCAATTEEDD  TTOO  MMYY  LLOOVVIINNGG  

MMOOTTHHEERR  ((LLAATTEE))  FFOORR  HHEERR  

EENNDDUURRIINNGG  LLOOVVEE  AANNDD  

SSUUPPPPOORRTT  

It is He Who sendeth down rain from the skies: with it We produce vegetation of 

all kinds: from some We produce green (crops), out of which We produce grain, 

heaped up (at harvest); out of the date-palm and its sheaths (or spathes) (come) 

clusters of dates hanging low and near: and (then there are) gardens of grapes, 

and olives, and pomegranates, each similar (in kind) yet different (in variety): 

when they begin to bear fruit, feast your eyes with the fruit and the ripeness 

thereof. Behold! in these things there are signs for people who believe. 

                                                                                       99th verse (sūrat l-anʿām) 
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GENERAL ABSTRACT 

Application of synthetic pesticides is a common practice in agriculture around the 

globe and this trend is increasing with the passage of time. Pesticides are highly 

toxic substances that besides providing protection against pests’ cause toxicity in 

host crop. Their toxicity may not be absolutely confined to the target pests but can 

adversely affect different processes in the non-target host plants. Pesticide-induced 

stress can affect non-target plants by reducing germination potential, hindering in the 

biomasses, affecting the production of photosynthetic pigments, through elevated 

levels of reactive oxygen species (ROS) responsible for detrimental effects on cell 

metabolism, biochemical and other physiological activities. In response to oxidative 

stress, plant activates antioxidant defence system consisting of both enzymatic and 

non-enzymatic components. Furthermore, molecular changes may occur in response 

of pesticides stress in tomato.  

Tomato (Solanum lycopersicum L.) is an important crop but is often compromised 

with lower yield due to pest attacks. Over application of pesticides indiscriminately 

or due to unskillful uses, affects the growth of vegetables crops. In the present study, 

the effect of over application of three commonly used pesticides (emamectin 

benzoate, alpha-cypermethrin and imidacloprid) on seed germination, seedling vigor, 

photosynthetic pigments and oxidative stress were evaluated. In addition, cell 

viability, cell injury, total soluble sugar (TSS) and total soluble proteins (TSP) were 

also estimated. Antioxidant activities were measured i.e. superoxide dismutase 



   

viii 

 

 

(SOD), catalase (CAT), glutathione reductase (GR) peroxidase (POD), ascorbate 

peroxidase (APX) and proline. For assessing the oxidative stress, hydrogen peroxide 

(H2O2) levels were analysed as ROS, lipid peroxidation was measured in term of 

thiobarbituric acid reactive substances (TBARS) as membrane damage. For 

anatomical studies, the diameter of tomato shoots and roots, stomatal indices, length 

and width of stem and root cortical cells and xylem and phloem cells were 

determined using scanning electron microscopy (SEM). The DNA damage and 

changes in the protein profiles were assessed through RAPD and SDS-PAGE, 

respectively. For the RAPD analyses, 14 RAPD primers were used to generate 

polymorphic band profiles of untreated and treated tomato seedlings.  

The obtained results revealed that seed germination was decreased by the pesticides 

and this effect was more prominent at early stages of exposure. All the tested 

pesticides reduced the growth of tomato when applied in higher concentration than 

the recommended dose, but at lower doses the pesticides had some stimulatory 

effects on growth as compared to the control. A similar effect of pesticides was 

observed on the photosynthetic pigments, i.e. a decrease in pigments concentrations 

was caused by higher doses but an increase was observed at lower doses of 

pesticides. The calculated EC50 values for different parameters revealed the lowest 

EC50 values for emamectin (ranged as 51–181 mg/L) followed by alpha-

cypermethrin (191.74 – 374.39) and imidacloprid (430.29 – 1979.66 mg/L). A 

comparison of the obtained EC50 values for different parameters of tomato with the 
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recommended doses revealed that over application of these pesticides can be harmful 

to tomato crop. Pesticides application at higher concentrations significantly elevated 

ROS levels and caused membrane damage by the formation of TBARS, increased 

cell injury and reduced cell viability both in root and shoot tissues compared with 

non-treated plants. Moreover, a gradual decrease in the levels of TSS and TSP was 

observed in plants subjected to increasing doses of pesticides. To cope with 

pesticide-induced oxidative stress, a significant increase in levels of antioxidants was 

observed in the plants exposed to higher doses of pesticides. Shoot tissues responded 

more drastically by producing higher levels of antioxidants as compared to root 

tissues indicating the direct exposure of shoots to foliar application of pesticides. The 

obtained results indicated that application of pesticides reduced the stomatal index, 

especially in samples exposed to higher levels of pesticides as compared to the 

untreated control. A significant decrease in the length and width of stomatal guard’s 

cells and epidermal cells was observed in the pesticides-treated seedlings. Roots 

showed a higher sensitivity than stem to pesticide stress. Statistical analysis revealed 

that in pesticides treated tomato seedlings, a significant reduction occurred in shoot 

and root diameters. Moreover, the length and width of epidermal and cortical cells as 

well as dimeters of xylem and phloem’s cells were affected significantly in the roots 

only. Taken together, results of this study suggested that exposure of tomato 

seedlings to pesticides above the recommended doses affected the morpho-

anatomical features as evident by reduction in stomatal number, low stomatal index, 
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reduced length and width of epidermal cells in leaves, stems and roots. Furthermore, 

pesticides exhibited distinctive polymorphisms based on size, appearance and 

disappearance of DNA and polypeptide bands as compared with the control. 

Polymorphisms and genomic DNA template stability (GTS) which is a qualitative 

measure of DNA banding patterns compared with control RAPD profiles, revealed 

that higher doses of pesticides have genotoxic potential. Among the pesticides 

concentrations, 4X and 2X doses of imidacloprid and 4X dose of both emamectin 

and cypermethrin resulted in the disappearance of polypeptide bands. In addition, a 

dendrogram constructed using cluster analysis based on genetic similarity 

coefficients, grouped the treatments in different branches indicating that samples 

exposed to higher doses clustered separately. In a few cases these pesticides were 

found toxic even at the recommended doses. Pesticides application at higher 

concentrations significantly altered proteins and DNA banding patterns in tomato. 

Taken together, these results strongly suggested that the application of pesticides 

above the recommended dose can provoke the state of oxidative stress that can cause 

oxidative damages and in turn altered the DNA and protein profiles based on RAPD 

and SDS-PAGE analysis, respectively. 
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CHAPTER 1 

GENERAL INTRODUCTION 

With advancement of technology and agricultural practices, the global food 

production has been increased manifold as compared to the estimated annual 

production since last 50 years. Population of world is now double (7 billion) as it was 

in the 1950. This growing population rate will increase 30% and is expected to be 9.2 

billion in 2050. Such an enormous increase in the global population demands an 

immense increase of many fold in the food commodities[1]. Beside these, large 

quantity of food production is affecting annually due to different environmental 

constrains lowering the expected yield. The resulted production remains low due to 

couple of factors in which pest attack is considered to be the most devastating factor 

that sometime compart yield loss of about 35% annually [2]. Furthermore, 

advancement in the economic sectors has resulted in the use of arable lands for 

commercial purposes also affect food production. Such an overwhelming situation 

cannot cope the demanded global food production. Developing countries like Pakistan 

facing similar situations of high rate population growth and other environmental 

factors that reinforcing threats to the agricultural lands and the arable lands are being 

reduced with time. Increase in the population demanded more food production that 

can be achieved by extensive application of chemical pesticides in the agricultural 

sectors for protecting crops against the devastating effects of pests. Chemical 
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pesticides became a common measure to protect crops against different pest invasions. 

Furthermore, pesticides are important xenobiotics that not only kills the target 

organisms but also affect nontarget plants [3]. 

1.1. Pesticides 

Pesticide are basically toxic chemical substances or mixture of substances or 

biological agents that are produced to control or destroy the population of different 

kinds of insects, weeds, rodents, fungi and other harmful pests. Pesticide is a general 

term covers a wide range of compounds with different formulations such as 

insecticides, fungicides, herbicides, rodenticides, molluscicides, nematicides, plant 

growth regulators etc. Pesticides act upon pests by attracting, seducing, destroying or 

by mitigating. Reliance on pesticides has been increased as about 5.2 billion pounds 

of pesticides are used annually worldwide. Pesticide usage is not limited to 

agricultural fields for crop protection, but also using in homes as sprays, poisons and 

powders for destroying the mosquitoes, cockroaches, rats, fleas, ticks and other 

harmful and disease burning bugs. As consequence of extensive pesticide application, 

contamination of the different environmental sectors, harming flora and fauna and 

increased toxic residue level in the food commodities have been reported [4, 5]. 

1.2.  CLASIFICATION OF PESTICIDES 

Pesticides are suggesting as one of the useful and important factor preventing 

damages to crops by pest attacks and increases crops yield. Pesticides can be classify 

on bases of targeting agents i.e. herbicides for controlling the herbs, insecticides for 
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insects, fungicides for controlling of fungi, rodenticides for killing or mitigating the 

rodent’s animals, molluscicides kills animals of mulasca group and nematicides 

controls the nematode warms. Based on chemical formulation, pesticides can be 

categorizes as organochlorines, carbamates, organophosphates, pyrethroids and 

neonicotinoids. In pesticide, beside active ingredients, there are present some inert 

substances and contaminants which when released to the environment and break 

down to respective metabolites harm the different environmental sectors. Although 

application of pesticides has resulted an increase in the crops yield but unfortunately, 

their indiscriminate and unwise use have surpassed their usefulness. Non-selective 

pesticides kill non-target plants and animals along with the targeted ones. Pests of 

crops when exposed to consistent use of pesticides, resulted in the development of 

pesticides resistant strains of pests.  Excessive pesticide application has also led to the 

disastrous environmental consequences that not only harmed the biota but seriously 

affected the public health [6]. Since pesticides are poisons, their injustice and unwise 

application can develop toxicities issues in the natural flora, natural fauna, aquatic life 

and non-target plants [7]. 

1.3. TREND OF PESTICIDE APPLICATION IN PAKISTAN 

 Wide range of pesticides are applied globally for the betterment of crops in the 

agricultural sectors, which may pose toxicity issues specially in the developing 

countries as farmers are often un-adequately informed about the hazards associated 

with these toxic chemicals [8-10]. Among the developing countries, Pakistan is 
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basically an agricultural state where wide area i.e. about 22.2 million ha used for the 

production of different crops [11].  In the country economy, agriculture play a key 

role and most of the people i.e. more than 40 % are depends on agricultural sector as 

source of income and adds about 21 % of the country GDP [11]. Global world statistic 

regarding the agriculture sectors, Pakistan ranked at different positions for production 

of various crops i.e. stood 3rd, 7th, 9th, 11th, 19th and 20th for the production of cotton, 

in farm workers, by arable land, by gross value added, in having the agricultural 

machinery and by use of pesticides, respectively [12]. However, as an agrarian state, 

Pakistan is presently involved in the consumption, formulation and import of 

pesticides and the apprehension is rising. Due to diverse climatic conditions in the 

country great opportunities provides to grow variety of vegetable crops as well as 

different species grown around the year [13, 14]. It is estimated that more than thirty-

five different kinds of vegetables are grown in the diverse climatic condition of the 

country ranged from low to high elevated areas, rainfed to irrigated lands, and low to 

high input systems e.g. greenhouses. Vegetable present in the summer and spring 

sessions comprises tomato, chilly, brinjal, potato, cucumber, gourds and okra while 

gourds, cucumber, beans, okra and brinjals during winter in different regions of 

Pakistan.  

Farmers community in the country has embraced with recent and advanced 

technologies and agronomical practices for crop cultivation such as utilization of good 

quality seeds, use of fertilizers, adequate use of water resources, tillage operations, 
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optimum sowing time, etc. Pest oriented threat to the crops remains an overwhelming 

problem, especially under diversified environmental conditions which favored the 

growth of diverse pest groups. Among the different pests, insects seriously affect the 

growth and yield of crops in Pakistan. Crops like cabbage and cauliflower are 

frequently attacked by pests like diamond back moth (Plutella xylostella L.), cabbage 

white butterfly (Pieris brassicae L.), cabbage semi-looper Trichoplusiani and aphids 

[15, 16]. Similarly, thrip attacks on onion and tomato fruit borer Helicoverpa 

armigera is serious constrain in the tomato fields [17, 18]. Furthermore, spotted 

bollworm Earias vittella (Fabricius) and jassids (Amrasca spp.) are active pests of 

okra [19, 20]. In addition, plant diseases originated by the attacks of fungi are also 

considered as an active obstacle in the production of crops yield [21]. Consequently, 

major proportion of pesticides used in the country consists of insecticides and 

fungicides which in turn dominate the strategy formulation of pest management in the 

vegetable crops protection in Pakistan. The trend of pesticides application in the 

agriculture sector is on the rise and dozens of pyrethroid brands were launched during 

1980–1985, which made synthetic pyrethroids a major shareholder (70%) of the total 

pesticides market in Pakistan [22]. It was reported that import of pesticides has been 

increased from 4979 tons in 1960 to 27995 tons in 2010 while this application has 

been increased from 42732 tons in 1998 to 46951 tons in 2006 in Pakistan (Table 1.1). 

Major portion of the pesticides using in the country is insecticides (74%), followed by 

herbicides (14%), fungicides (9%), acaricides (2%), and fumigants (1 %) [23]. 
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Among the different provinces of Pakistan, Punjab utilizing 89%, Sindh (8%), Khyber 

Pakhtunkhwa (2%) and Baluchistan (1%) [24]. Extensive and over uses of pesticides 

in the country suggested to be associated with the soft legislation system related with 

the registration and import of different brands of pesticides which permits generic 

compound registered elsewhere in the world can be imported to country without any 

field test assessment. Therefore, a major portion of pesticides applied in Pakistan are 

imported from Europe, US, China and India (Table 3). 

Table 1.1 Pesticide imported during 1960–2010 

 

Source: Economic Survey of Pakistan [22] 

The agricultural pesticides ordinance (APO) and agricultural pesticide rules were 

formulated respectively in 1971 and 1973 under the guidelines of Food and 

Agriculture Organization (FAO), which governed the formulation, production, import, 

use, distribution and sale in the country [25]. The ordinance also implemented 

registration scheme for pesticide companies, which was amended later in favor of 



                                                           Chapter 1                                                                                                                           

7 

 

 

importers [26, 27]. By 1989, the marketing, distribution and sale of pesticides were 

governed by public sector, which has been transferred to the private sector since 1989.  

 

Fig. 1.1 Percent share of different pesticides in Pakistan during 2007–2012 [12]. 

All these issues have increased the dependency on pesticides for crop protection. The 

increased use of pesticides in vegetable production has enhanced potential risk of 

contamination of the environment and long-term effects on the society. Increased use 

of agro-chemicals endangers contamination of soil, water, and air because of 

environmental health hazards associated with these chemicals [28]. Dung et al. [29] 

have summarized this situation as a considerable increase of pesticide use in the 

developing countries, where pesticide advantages seem to have not been fully 

exploited. An analysis of totally 200 fresh vegetables, collected from different 

markets of Hyderabad in Pakistan, indicated the presence of certain pesticide residues 

in all investigated vegetables [30]. This is often due to lack of awareness of farmers 

about application doses and methods of application. In addition, negligence or no 
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availability of proper guidance about pesticide application may be another reason, 

which may lead to the occurrence of pesticide residues in vegetables. 

The abovementioned information clearly depicts that pesticide use has increased 

many folds compared to the area and production of vegetables, indicating an alarming 

intensification of pesticide use in vegetable production. Since there is an overuse of 

hazardous insecticides, research on integrated pest management with minimum use of 

pesticides has to be undertaken as a priority [31]. Previous research has shown 

overuse of pesticides in cotton in Pakistan with poor levels of knowledge on pesticide 

application among farmers [32, 33]. Thus, monitoring pesticides in commodities by 

the country's authorities and enforcing guidelines based on permissible limits is 

essential [33]. Farmers are routinely exposed to high level of pesticides, usually much 

greater than consumers [34]. Thus, current use of pesticides is still on the upswing in 

Pakistan [4].  

1.4. EFFECTS OF PESTICIDES ON NON-TARGET PLANTS 

We define non-target plants as plant species that are un-intentionally exposed to 

pesticide. Non-target plant effects are any direct or indirect effects that cause a 

significant change in the survival, health or reproduction of non-target plant species or 

cause a change in plant community attributes. Non-target plant affects include a range 

of symptoms, including vegetative growth changes, plant death, altered reproductive 

capability that can generally result in reduced fitness, and detrimental economic or 

ecological impacts. Altered susceptibility to disease of either the target or non-target 
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plants may also be one of the unintended effects of pesticides [35]. Agricultural crops 

may be subjected to non-target effects by a variety of unintended exposure 

mechanisms, including accidents, local spray-drift from adjacent crop fields, aerial 

drift, surface water, groundwater, wind, and soil transport, and carryover in the soil 

from previous crops in crop rotation. Vapor derived from volatilization of residue 

from previous spraying events combined with rainfall can also contribute to non-

target exposure [36, 37]. 

Application of pesticides are mainly concerned with the protection of plants against 

pest attacks but their non-selective and extensive utilization has resulted poisoning in 

non-target plants [7, 38]. The use of pesticides has been increased many folds i.e. 4.6 

million tons annually [39]. Application of pesticides in Pakistan has been increased to 

70,000 tons annually and the rate of consumption increasing gradually i.e. an increase 

of 6% annually [4]. During application plants remains the main recipient for 

pesticides, while very little proportion reaches to the target e.g. insect, weeds, 

pathogenic fungi, etc. and the remaining lost to the nontarget organisms and lands 

hence, caused pollution of the environment [40]. Although, pesticides application has 

minimized crop losses caused by pests, but their indiscriminate and intensive use has 

led to a serious environmental hazard [41-44]. The toxicity of pesticides does not 

remain restricted to the target organisms only but can also affect non-target organisms 

including plants and animals as well as caused adverse effects on the exposed 

environment [7, 38, 42, 43]. It has been investigated previously, that application of 
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pesticide caused phytotoxicity by affecting the photosynthetic and antioxidant 

activities in cucumber and tomato [4, 45] reproduction in potato [46], pollen growth 

[47, 48], vegetative growth in soybean [49], morphological and physiological 

developments in Zea mays [50] cause oxidative stress and activated the antioxidant 

defense system in tomato [5]. Thus, application of pesticides in over and extensive 

usage causing economic losses due to low crop yield as well as environmental 

degradation. The main objectives of present study were to provide an insight 

understanding to the mechanism through which synthetic pesticides poses stress in 

non-target plants and in turn causes phytotoxicity and to evaluate the overall 

responses i.e. morphological, physiological, biochemical, anatomical and molecular in 

tomato upon exposure to pesticides stress. 

1.5 HYPOTHESIS 

The adverse effects of pesticides in tomato might be due to their interference with 

physiological, anatomical, biochemical and molecular processes. Pesticides-induced 

phytotoxicity might be pesticide specific and dose-dependent. 

1.6 OBJECTIVE  

To investigate the pesticide-induced phytotoxicity on physiological, anatomical, 

biochemical, and molecular aspects in tomato seedlings 
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CHAPTER 2 

EFFECT OF SOME COMMONLY USED PESTICIDES ON SEED 

GERMINATION, BIOMASS PRODUCTION AND PHOTOSYNTHETIC 

PIGMENTS IN TOMATO (Lycopersicon esculentum) 

Abstract 

Pesticides are highly toxic substances. Their toxicity may not be absolutely specific to 

the target organisms but can adversely affect different processes in the non-target host 

plants. In the present study, the effect of over application of three commonly used 

pesticides (emamectin benzoate, alpha-cypermethrin and imidacloprid) was evaluated 

on the germination, seedling vigor and photosynthetic pigments in tomato. The 

obtained results revealed that seed germination was decreased by the pesticides and 

this effect was more prominent at early stages of exposure. All the tested pesticides 

reduced the growth of tomato when applied in higher concentration than the 

recommended dose but at lower doses the pesticides had some stimulatory effects on 

growth as compared to the control. A similar effect of pesticides was observed on the 

photosynthetic pigments, i.e. a decrease in pigments concentrations was caused at 

higher doses but an increase was observed at lower doses of pesticides. The 

calculation of EC50 values for different parameters revealed the lowest EC50 values for 

emamectin (ranged as 51–181 mg/L) followed by alpha-cypermethrin (191.74 – 

374.39) and imidacloprid (430.29 – 1979.66 mg/L). A comparison of the obtained 

EC50 values for different parameters of tomato with the recommended doses revealed 
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that over application of these pesticides can be harmful to tomato crop. In a few cases 

these pesticides were found toxic even at the recommended doses. However, a field-

based study in this regard should be conducted to further verify these results. 

2.1 INTRODUCTION 

The intensive and multiple cropping systems in modern agriculture are unavoidably 

associated with intensification of disease incidences because the optimal doses of 

water and fertilizer provided to the land almost throughout the year enhance the 

survival ability, multiplication and dissemination of pathogens [51]. The traditional 

practices including resistant varieties may fail to provide desired level of diseases and 

pest control. Consequently, pest eradication by chemical pesticides is a common 

measure to protect crops against pests [3]. Different classes of pesticides like 

insecticides, herbicides, fungicides, rodenticides, molluscicides and nematicides are 

used to control different types of pests. According to [39] about 4.6 million tons of 

chemical pesticides with about 500 different types are annually used across the world. 

About 85 % of the total pesticides used in the world are applied on agricultural crops 

while the remaining 15 % are used for other purposes [52]. The use of chemical 

pesticides has reduced crop losses caused by pests, but their intensive and large-scale 

application caused diverse adverse effects on the environment [42-44]. The toxicity of 

pesticides does not remain restricted to the target organisms only but can also affect 

non-target organisms in the environment [7, 38]. The indiscriminate and unskillful use 

of pesticides affects the growth of plant and animal, increases pest resistant to 
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pesticides, accumulates residue in fruits and vegetables, causes biodiversity losses and 

declines natural habitats [53]. Pesticides application can also lead to demolition of 

micro-fauna and flora of soil and water [54]. Cardone [55] observed that pesticides 

can disrupt the growth of testes in non-target animals like lizards. The environmental 

and health risks of pesticides application in agriculture are severe, which not only 

leads to the chemical buildup of pesticide residues in crops but also disrupts the 

biochemical processes in plants. Pesticides can interfere with various processes in 

plants like cell growth, photosynthesis, respiration, biosynthetic reactions, and 

molecular composition [56]. These elusive adverse effects can add up and lead to 

economic losses when multiple crops are grown. Pesticides caused visible toxicity to 

plants, animals and humans are often tested prior to their registration and 

recommendation for use, but their effects on parameters of non-target host plants such 

as flower production, stunted growth or production times are not often tested [57]. 

Several studies investigated the adverse effects of pesticides on non-target organisms, 

especially animals, but limited studies have been conducted regarding pesticides 

toxicity to non-target plants [58]. A few studies exist which investigated the effect of 

high dosage of pesticides on different parameters of plants such as pollen performance 

[47, 48], reproduction in potato [46] , photosynthesis and enzyme activities in 

cucumber [45], growth in soybean [59] and morphology and physiology in maize [50]. 

In advanced countries, strict monitoring and regulation of pesticides ensure the safe 

use and proper handling of pesticides. The control schemes further ensure their use on 
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scientific basis that support their effectiveness against target pests and minimize the 

effect on the environment and human health [60]. In contrast, the use of pesticide in 

most of the developing countries is solely based on the recommendation of 

manufacturer which is based on the data of toxicological and environmental 

properties of pesticides. No doubt these information are useful but may not be 

appropriate under local conditions [60]. In developing countries, there is no proper 

monitoring system for pesticide application. Most of the growers are unaware and 

unskilled regarding pesticides usage. The pesticides dealers are also mostly untrained 

and usually devise pesticides unwisely in two or three times higher concentration than 

the recommended dose [61, 62]. Like other parts of the world, copious quantities of 

different pesticides are used in Pakistan. According to an estimate, about 70,000 tons 

of pesticides are used in Pakistan annually and this quantity is continuously increasing 

with an annual rate of about 6 %. As each crop is susceptible to attack by more than 

one type of pests, it is usually treated with several pesticides. In Pakistan, pesticides 

are often used indiscriminately and in excess amount [63, 64]. The pesticide dealers 

always recommend pesticides in excessive dose because they are more interested in 

earning their profit rather than guiding the farmers properly [65]. Tomato 

(Lycopersicon esculentum) is a major horticultural crop with an estimated global 

production of over 120 million metric tons [66] and has a high economic value 

worldwide. In Pakistan, tomato is the second major growing crop among vegetables 

[67]. For example, in 2011 tomato was grown on an area of 39,918 hectares which 
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gave an estimated annual production of 433,128 tones. In 2009–2010, Pakistan 

exported to a quantum of 5692 tons of tomato and earned 77 million PKR [68]. Due 

to the rapid increase in population, the demand for domestic consumption of tomato in 

Pakistan is increasing day by day. People use tomato in various ways like in the form 

of vegetables, salad, fruit, ketchup, and chatni etc. [69]. In Pakistan, the yield of 

tomato is lower as compared to developed countries because of various factors 

including pests attack as a major factor [70]. To overcome the losses due to pests, 

farmers extensively use pesticides on tomato in higher concentrations which can 

probably affect its growth and yield. The extensive and over application of pesticides 

on vegetables and fruits also results in residue problems in vegetables and fruits 

which ultimately affects human health. However, the effect of over application of 

these pesticides on tomato has never been investigated in the country. The present 

study was therefore designed to investigate the effect of different doses of three 

commonly used pesticides in Pakistan (emamectin, alpha-cypermethrin and 

imidacloprid) on seed germination, plant vigor and photosynthetic pigments in tomato. 

2.2 MATERIALS AND METHODS 

2.2.1 Collection of seeds 

The seeds of tomato (variety BSS-30) were obtained from a certified dealer at Bannu 

city, Khyber Pakhtunkhwa, Pakistan.  
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2.2.1 Sterilization of materials  

The seeds of tomato were sterilized by rinsing with 80 % (v/v) ethanol for 5 min and 

then washed with distilled water for two to three times. Before using, all glass wares 

were autoclaved at 121 °C for 15 min. 

2.2.3 Pesticides solutions  

A total of three pesticides including emamectin benzoate, alpha-cypermethrin and 

imidacloprid were used in this study. Alpha-cypermethrin belong to the group 

pyrethroids, emamectin belong to the avermectine while imidacloprid belongs to 

neonicotinoids group of pesticides, respectively. All the used pesticides are broad 

spectrum insecticides, basically nerve poison affecting nerve impulses in the exposed 

insect. In emamectin, the active ingredient is avermectine which causes paralysis in 

the insects by activating chloride channels in nerves cells. Alpha-cypermethrin is 

pyrethroids which modulate the sodium channels causing hyperexcitation in nerves. 

The imidacloprid contains neonicotinoids which mimic the agonist action of 

acetylcholine and cause hyperexcitation in the nervous system of exposed insects. The 

selection of these pesticides was based on literature which reveals these to be among 

the most commonly used pesticides in Pakistan [23, 63]. A general informal 

discussion with farmers and pesticide dealers in a tomato growing area confirmed the 

same. Since the dealers usually prescribe higher doses of pesticides than the dose 

recommended by manufacturer as described in the introduction section of this 

manuscript, therefore, the concentrations tested for each pesticide were: 
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recommended dose, two higher and two lower doses than the recommended dose 

(Table 2.1). In this way five concentrations of each pesticide were tested. Three 

independent replicates were tested for every concentration of each pesticide. 

Table 2.1 Selected pesticides and their applied concentrations (mg/L)  

 

Pesticides Treatments (mg/L) 

 

Quarter Dose 

(¼X)  

Half Dose 

(½X)  

Recommended 

Dose (X) 

Double 

  (2X) 

Four times 

higher(4X) 

Emamectin 

benzoate 

10 20 40 

 

80 160 

Alpha-

Cypermethrin 

30 60 125 250 500 

Imidacloprid 125 250 500 

 

1000 2000 

2.2.4 Experimental procedure 

A total of ten seeds were placed with appropriate distance in each Petri plate lined 

with double layered filter paper and initially soaked with 10 mL of the respective 

solution. The experiments were conducted in a growth chamber. Initially the dark 

condition was provided for germination and thereafter a photoperiod of 16/08 h 

light/dark period with a light intensity of 500 µmol/m2/s was provided. A 30°C 

temperature and 60% humidity was maintained throughout the experiment. Each 

treatment was added with 3 mL of the respective solution after every 48 h. 

Germination percentage was recorded for 13 days at different intervals, while the rest 

of parameters were determined at 21st day of experiment. 
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2.2.5. Determination of germination  

The germination of seeds was observed at different intervals for 13 days. A seed was 

considered to be germinated if its radicle was emerged. The germination percentage 

was calculated from the number of total seeds and germinated seeds in a Petri plate.  

2.2.6. Determination of roots and shoots length  

After 20 days of growth, seedlings were separated into roots and shoots and their 

length was measured in millimeter (mm). 

2.2.7. Fresh and dry weight of roots and shoots  

For the determination of fresh and dry weight of root and shoot, seedlings were 

separated into roots and shoots and were weighed with an electronic balance. The 

fresh roots and shoots were then separately placed in paper envelopes and were oven 

dried at 80 °C for 24 h and weighed for dry weight.  

2.2.8. Determination of photosynthetic pigments  

For determination of photosynthetic pigments (chlorophyll a, b and total carotenoids), 

25 mg of dried plant material was taken in a test tube and 25 mg of MgO was added 

to prevent the formation of pheophytin. A 5 mL of methanol was added in each 

sample and homogenized on shaker for 2 h followed by centrifugation for 5 min at 

4000 rpm. After centrifugation, the supernatant was transferred to a 1-cm path length 

cuvette. The absorbance was measured using methanol solvent as a blank in a UV–

Vis spectrophotometer at three different wavelengths: 666, 653 and 470 nm. 
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Chlorophyll a, b and total carotenoids were calculated according to the ethod of 

Glover-Amengor and Tetteh [71] as follow: 

Ca = 15.65 OD666 – 7.340 OD653 

 Cb = 27.05 OD653 – 11.21 OD666 

Cx+c = (1000 OD470 – 2.860 Ca – 129.2 Cb)/ 245 

Where Ca, Cb and Cx+c represents the concentration of chlorophyll a, b and 

total carotenoids, respectively while OD shows optical density (absorbance) at 

a given wavelength. 

2.2.9 Statistical analysis 

The student t test was applied to measure the significance of differences among 

different treatments and the control. The difference was considered to be significant if 

p value was smaller than or equal to 0.05 (p ≥ 0.05). For the calculation of dose-

dependent response (EC50 values), linear regression methods and the equation Y = mx 

+ c or Y = mx - c was used where Y = 50 % inhibition, x = concentration, c = 

constant and m = coefficient. 

2.3 RESULTS 

2.3.1 Effect of pesticides on seed germination  

The effect of different concentrations of the tested pesticides on seed germination in 

tomato is shown in Fig. 2.1a–2.1c. A significant decrease in germination of seeds was 

observed with the increase in concentrations of pesticides as compared to the control. 
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The concentrations of pesticides below the recommended dose promoted the 

germination capacity of seeds except in the case of imidacloprid where this effect was 

not significant as compared to the control. 

 

 

 
 

Fig. 2.1. Effect of the pesticides Emamectin (a), Cypermethrin (b) and Imidacloprid 

(c) on seed germination in tomato. Each bar represents the mean value of three 

independent replicates and the error bar shows standard deviation. Asterisk (*) 

indicates significant difference (p ≤ 0.05) as compared to the control. 
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In early days of germination (up to 72 h), the highest concentrations of alpha-

cypermethrin, imidacloprid and emamectin (500, 2000 and 160 mg/L, respectively) 

almost completely inhibited the germination. With the passage of time, a recovery of 

germination was observed; however, the germination at higher doses of pesticides was 

still lower in comparison to the control.  The overall data on germination revealed that 

the effect of pesticides on seed germination was concentration and time dependent, i.e. 

a decrease with increasing concentration of pesticides was shown but a decrease in 

inhibitory effect was observed with increase in exposure time. The EC50 values 

obtained for germination after 312 h were 90.24, 344.10 and 1624.91 mg/L for 

emamectin benzoate, alpha-cypermethrin and imidacloprid, respectively (Table 2.2). 

2.3.2 Effect of pesticides on root-shoot length  

The response of root and shoot growth in tomato seedlings was different to different 

pesticides (Fig. 2.2). In case of shoot, the highest reduction in length was observed at 

500 mg/L of alpha-cypermethrin where the shoot length was 7.3 mm as compared to 

30.6 mm in the control (Fig. 2.2). At the recommended or lower concentrations, the 

affect was not prominent in the case of shoot length and no significant difference was 

observed as compared to the control. The longest shoot was found in seedlings treated 

with 60 mg/L of alpha-cypermethrin while the highest inhibition was caused by 500 

mg/L of alpha-cypermethrin. For shoot length, the EC50 values calculated were 89.81, 

274.80 and 632.76 mg/L for emamectin benzoate, alpha-cypermethrin and 

imidacloprid, respectively.  
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Fig. 2.2 Effect of the pesticides Emamectin (a), Cypermethrin (b) and Imidacloprid 

(c) on shoot and root length in tomato seedlings. Each data point represents the mean 

value of three independent replicates and the error bar shows standard deviation. 

Asterisk (*) and Hash (#) indicates significant difference (p ≤ 0.05) as compared to 

the control.  
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In case of root, the growth was adversely affected with increasing concentrations of 

each pesticide (Fig. 2.2). The most significant inhibition in root length was observed 

when the seedlings were subjected to 500 mg/L of alpha-cypermethrin and 2000 mg/L 

of imidacloprid (Fig. 2.2). For root length, the EC50 values of emamectin, alpha-

cypermethrin and imidacloprid were 106.17, 241.79 and 620.63 mg/L, respectively. 

By considering the application rate (recommended and double dose), imidacloprid 

seems to pose high risk to roots following by alpha-cypermethrin as their EC50 values 

(620.63 and 241.78, respectively) were found below their double doses (Tables 2.1 

and 2.2). 

2.3.3 Effect of pesticides on fresh and dry weight  

A change in the biomass of seedlings measured as fresh and dry weight of root and 

shoot was observed upon exposure to pesticides. A signification reduction in shoot 

fresh and dry weight was found by exposing the seedlings to higher concentrations of 

pesticides (Figs. 2.3 and 2.4). In case of root fresh weight, lower concentrations of the 

tested pesticides improved it in a non-significant way whilst at higher concentrations 

tremendous reduction was observed (Fig. 2.3). Like its fresh weight, the dry weight of 

root was also adversely affected when exposed to high doses of pesticides (Fig. 2.4). 

For the fresh and dry biomass of shoot, the lowest EC50 values were obtained for 

emamectin while the highest were obtained for imidacloprid. Almost similar trend in 

EC50 values was observed in the case of fresh and dry weight of root (Table 2.2).  
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Fig. 2.3 Effect of the pesticides Emamectin (a), Cypermethrin (b) and Imidacloprid 

(c) on shoot and root fresh weight in tomato seedlings. Each data point represents the 

mean value of three independent replicates and the error bar shows standard 

deviation. Asterisk (*) and Hash (#) indicates significant difference (p ≤ 0.05) as 

compared to the control.  
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Fig. 2.4 Effect of the pesticides Emamectin (a), Cypermethrin (b) and Imidacloprid 

(c) on shoot and root dry mass in tomato seedlings. Each data point represents the 

mean value of three independent replicates and the error bar shows standard 

deviation. Asterisk (*) and Hash (#) indicates significant difference (p ≤ 0.05) as 

compared to the control.  
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The overall results revealed that higher concentrations of pesticides caused hostile 

effects on tomato biomass (Figs. 2.3 and 2.4). For example, the EC50 of imidacloprid 

for root fresh mass (430.29 mg/L) was below its recommended dose of 500 mg/L. 

Among the tested pesticides, imidacloprid can be found more dangerous to tomato 

when the recommended dose and obtained EC50 values for biomass are compared.  

 

 

 

Fig. 2.5. Image representing the effects of three pesticides i.e. Emamectin (Em), 

Cypermethrin (Cy) and Imidacloprid (Im) at different concentrations (ppm) on the 

growth of tomato seedlings. 
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2.3.4 Effect of pesticides on photosynthetic pigments 

The effect of pesticides on chlorophyll a, b and total carotenoids was tested in shoot 

of tomato seedlings  

 

 

 

Fig. 2.6 Effect of the pesticides Emamectin (a), Cypermethrin (b) and Imidacloprid 

(c) on photosynthetic pigments in tomato seedlings. Each data point represents the 

mean value of three independent replicates and the error bar shows standard 

deviation. Asterisk (*) and Hash (#) indicates significant difference (p ≤ 0.05) as 

compared to the control.  
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. The adverse effect of the tested pesticides on all pigments was found to increase with 

the increase in concentration of pesticides. The photosynthetic pigments were more 

susceptible to pesticide stress than other tested end points.  

 

 

 

Fig. 2.7 Effect of the pesticides Emamectin (a), Cypermethrin (b) and Imidacloprid 

(c) on total carotenoids contents in tomato seedlings. Each data point represents the 

mean value of three independent replicates and the error bar shows standard 

deviation. Asterisk (*) and Hash (#) indicates significant difference (p ≤ 0.05) as 

compared to the control.  
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At lower concentrations, no significant change was found in chlorophyll a content 

except in the case of alpha-cypermethrin where an increase was observed as compared 

to the control (Fig. 2.6). A significant reduction in chlorophyll a was observed in 

seedlings treated with the recommended or higher concentrations of all the three 

pesticides tested. The highest decrease in chlorophyll a content was observed when 

seedlings were exposed to 2000 mg/L of imidacloprid (Fig. 2.6c).  

The response of chlorophyll b to pesticides stress showed a similar trend as of 

chlorophyll a (Fig. 2.6). All the pesticides at all doses reduced the concentration of 

chlorophyll b except for lower concentrations of emamectin which had no significant 

effect as compared to the control (Fig. 2.6). The response of total carotenoids to 

pesticide exposure varied and depended upon the type and concentration of pesticides 

used. Lower concentrations of all the tested pesticides stimulated the production of 

total carotenoids. The recommended concentrations of all the three pesticides showed 

no significant effect on total carotenoids as compared to the control. However, the 

higher concentrations (above the recommended doses) of pesticides caused a 

prominent decrease in total carotenoids (Fig. 2.7). Like other parameters, a variation 

in EC50 values of the three pesticides for different pigments was observed with 

emamectin giving the lowest and imidacloprid the highest EC50 value for all the three 

pigments (Table 2.2).  
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Table 2.2. EC50 values (mg/L) of the used pesticides for different parameters 

 

The overall results of photosynthetic pigments revealed that chlorophyll b was more 

susceptible to pesticides stress than chlorophyll a and total carotenoids as two of the 

three pesticides gave lower EC50 values for chlorophyll b as compared to the other 

two pigments (Table 2.2). In the case of chlorophyll a and b, the toxicity order of 

pesticides was found to be alpha-cypermethrin > imidacloprid > emamectin benzoate 

(Fig. 2.6). 

2.4. DISCUSSION 

Pesticides are the modern tools used to control pests, weeds and diseases so as to 

increase crop yield. The pesticide manufacturing companies recommend pesticides at 

a particular dose. However, pesticides dealers in developing countries like Pakistan 

usually recommend higher doses to farmers than the recommended dose of a pesticide 

prescribed by the manufacturer [61, 62, 65]. These higher doses can probably harm 

the host crop. Therefore, the present study was conducted to evaluate the effect of 

over doses of pesticides on different parameters of tomato. In the present study, lower 
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concentrations of pesticides stimulated seed germination in tomato, but higher doses 

inhibited it. Similar results were reported by Sammaiah et al. [72] that high doses of 

the pesticides endosulfan and kitazin inhibited germination in brinjal (Solanum 

melongena L.). Similarly, different pesticides have been found to inhibit seed 

germination in different plants species like Solanum melongena, Capsicum annuum, 

Pisum sativum, Brassica nigra, Solanum Lycopercun, Typha latifolia and Zea mays 

[50, 73-77]. It was also observed in the present study that in early days of exposure, 

germination was more susceptible to pesticide stress than in the later stages. It reflects 

that at certain concentration, a pesticide may not completely inhibit germination but 

may delay it. Among the pesticides tested in the present study, imidacloprid had the 

most severe effect on seed germination in tomato while emamectin caused the least 

effect. This difference among the pesticides’ effect on germination might be due to 

different nature of compounds in different pesticides and their applied doses. The 

company recommended dose of imidacloprid is higher than emamectin, and hence its 

higher concentration was used here accordingly, which can be another explanation for 

the higher effect of imidacloprid. A signification decline was noticed in the fresh and 

dry mass of shoot and root when exposed to increased pesticide stress. Reduction in 

biomass production by pesticides like triadimenole and triticonazole was also 

observed previously in wheat [78]. They concluded that pesticides affect biomass by 

affecting seedling growth, shoot development and production of root axis. Similarly, 

the adverse effects of pesticides on physiology and yield of other crops have been 



                                                                                                                                                Chapter 2 

32 

 

 

observed. For example, Picea sitchensis treated with dimethoate, malathion, 

primicarb [79] and tomato exposed to abamectin and cartap at higher doses [80] were 

negatively affected. Higher doses of different pesticides have inhibited the overall 

plant growth in different plants species as in soybean [3], maize [50, 74], tomatoes 

[73], and chickpea [81]. The changes in photosynthetic pigments of plants are usually 

used as a tool for the assessment of stressful conditions [82]. The analysis of pigments 

in the present study showed a decrease in photosynthetic pigments in tomato with 

increasing concentration of pesticides. Literature survey reveals that the application of 

pesticides like fludioxonil and carbendazim reduced the chlorophyll and carotenoids 

contents in Vitis vinifera and Nicotiana tabacum, respectively [83, 84]. Similarly, the 

application of pyriprixifen reduced photosynthetic pigments in maize [74], aldicarb, 

carbufurane, phrate fensulsothion and fenamiphos in chickpea [81], 

chlorantraniliprole in maize [50], and difenoconazole and tricyclazole in tomato [85]. 

A systemic fungicide, benomyl, was also reported to inhibit biosynthesis of pigments 

in Helianthus annuus [86]. The impairment of photosynthetic pigments by pesticides 

can lead to a reduced photosynthetic efficiency in plants. For example, [45] observed 

significant reduction in the net photosynthetic rate of cucumber (Cucumis sativus L.) 

upon exposure to nine different pesticides. Chauhan et al. [87] reported that exposure 

to pesticide caused several biochemical changes in potato. The mechanism of 

photosynthesis is greatly affected due to inefficient biosynthesis of chlorophyll 

contents that results in appearance of leaf chlorosis [88]. In addition to their adverse 
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effects on higher plants, pesticides like carbufuran have also been reported to affect 

photosynthesis and photosynthetic pigments in the freshwater flagellate Euglena 

gracilis [89]. The obtained results revealed that pesticides application at higher 

concentration caused inhibitory effects in tomato seedlings. Similar trends of plant 

responses to pesticides exposure were reported by Siddiqui and Ahmed [3] who 

demonstrated that higher doses of pesticides declined but lower doses enhanced the 

growth of soybean. Several other studies reported similar observations [78, 90, 91]. 

Different explanations have been suggested for the adverse effects of pesticides on 

non-target crops. They may retard plant growth by inhibiting various physiological 

processes like seed germination, seedling growth, cell division, cell elongation and 

enlargement, and tissue and organ differentiation [92]. The presence of pesticides in 

soil may also affect take up of essential nutrients by plant root, which causes nutrients 

deficiency and retorted growth [3]. Functional groups like –OH, –NH2, –CO.NH2, –

COOR and –NR, in pesticides can accelerate the process of adsorption in the soil 

which may affect the growth and development of plant via disrupting the soil water 

plant relationship [93]. Glover-Amengor and Tetteh [60] reported that pesticides 

application may decline growth and yield of vegetables by affecting the beneficial 

microflora of soil. Pesticides may also reduce plant growth and development by 

reduction of hydroxyl phenyl pyruvate dehydrogenase which plays a vital role in the 

meristematic growth and development [94-96]. Recently it has been reported that 

pesticides induced growth suppression in plants can be attributed to the increased 
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electrolyte leakage as well as to oxidative stress caused by pesticides [96]. The slight 

stimulatory effects on growth of tomato caused by the lower concentrations of 

pesticides might be due to the utilization of some organic compounds present in 

pesticides by plants or it might be a response of plants to exposure to low doses of 

toxic substances as is generally observed in plants. The response of tomato to the 

tested pesticides varied possibly due to different chemical nature of pesticides and 

different tested concentrations of pesticides (the tested concentrations of a pesticide 

were based on its recommended dose). The overall trend of EC50 values showed that 

emamectin showed the lowest EC50 and imidacloprid gave the highest EC50 values for 

almost all parameters. A general order of phytotoxicity of the tested pesticides for 

tomato based on EC50 values can be emamectin < alpha-cypermethrin < imidacloprid. 

However, the recommended dose of a pesticide should be taken into account while 

considering these EC50 values. For example, the highest EC50 values (showing lowest 

toxicity in term of mg/L) were obtained for imidacloprid but this pesticide could 

affect some parameters in tomato even at the recommended dose as its recommended 

dose is much higher than the other tested pesticides. In most of the cases, the EC50 

values were above the recommended dose but well below the double dose. For 

example, in case of emamectin the EC50 obtained for the root and shoot dry mass 

(51.48 and 80.6 mg/L, respectively) were above the recommended concentration (40 

mg/L) but below the double dose (80 mg/ L). The EC50 values of alpha-cypermethrin 

for chlorophyll b and root length were above the recommended dose and below the 
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double dose. Similarly, in many other cases, the EC50 values obtained were below the 

double dose of pesticides. It can be concluded that over application of these pesticides, 

which is a common practice in countries like Pakistan as discussed above in this 

manuscript, can adversely affect tomato growth. Most of the studied parameters were 

adversely affected by double or higher dose of pesticides, but in some cases even the 

recommended doses were found to cause phytotoxicity.  

2.5 CONCLUSION 

It can be concluded from the present study that pesticides application above the 

recommended dose can adversely affect tomato growth. At higher doses, all the tested 

pesticides caused toxic effects on all the studied parameters of tomato. Since pesticide 

dealers usually suggest farmers to apply pesticides in doses doubled to the 

recommended dose, it can be harmful and affect tomato growth and yield. The 

application of pesticides above the recommended dose should be discouraged. There 

is a need to educate pesticide dealers and farmers about the proper and optimal 

applications of pesticides. The effects of these pesticides on nontarget host plants 

should be further investigated at anatomical, biochemical and molecular level to 

identify the mechanism by which they cause toxicity in non-target plants. 
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CHAPTER 3 

PESTICIDE-INDUCED OXIDATIVE STRESS AND ANTIOXIDANT 

RESPONSES IN TOMATO (Solanum lycopersicum) SEEDLINGS 

ABSTRACT 

Excessive use of pesticides can adversely affect the growth of non-target host plants 

in different ways. Pesticide-induced stress can affect non-target plants through 

elevated levels of reactive oxygen species (ROS) responsible for detrimental effects 

on cell metabolism, biochemical and other physiological activities. In response to 

oxidative stress, plant activates antioxidant defence system consisting of both 

enzymatic and non-enzymatic components. In the present investigation, three 

commonly used pesticides, emamectin benzoate, alpha-cypermethrin and 

imidacloprid, were assessed for causing oxidative stress in tomato. The oxidative 

damage induced by these pesticides at five different concentrations i.e. ¼X, ½X, 

recommended application dose (X), 2X and 4X in the root and shoot tissues of tomato 

plant/seedlings were evaluated. Following pesticide exposure for 35 days, cell 

viability, cell injury, total soluble sugar (TSS) and total soluble proteins (TSP) were 

measured. Antioxidant activities were estimated by measuring activity levels of 

superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR) peroxidase 

(POD), ascorbate peroxidase (APX) and proline. Hydrogen peroxide (H2O2) levels 

were analysed as ROS, lipid peroxidation was measured in term of thiobarbituric acid 

reactive substances (TBARS) as membrane damage caused by ROS was also 
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assessed. Analysis of the data revealed that pesticides application at higher 

concentrations significantly elevated ROS levels and caused membrane damage by 

the formation of TBARS, increased cell injury and reduced cell viability both in root 

and shoot tissues compared with non-treated plants. Moreover, a gradual decrease in 

the levels of TSS and TSP was observed in plants subjected to increasing doses of 

pesticides. To cope with pesticide-induced oxidative stress, a significant increase in 

levels of antioxidants was observed in the plants exposed to higher doses of 

pesticides. Shoot tissues responded more drastically by producing higher levels of 

antioxidants as compared to root tissues indicating the direct exposure of shoots to 

foliar application of pesticides. Taken together, these results strongly suggested that 

the application of pesticides above the recommended dose can provoke the state of 

oxidative stress and can cause oxidative damages in non-target host plants. 

3.1 INTRODUCTION 

In today’s modern world, several toxic chemicals are spilled in agricultural fields as a 

consequence of modern agricultural practices, heavy industrialization and faster 

urbanization. Due to increased rate of pest attack and unsuccessful trend in the 

production of pest resistant crop varieties, chemical pesticides are common tool to 

protect crops against pests [3, 51]. During past few decades the use of pesticides has 

increased many folds. It has been estimated that 4.6 million tons of chemical 

pesticides are used worldwide annually, of which 85% are used in agriculture while 

the remaining 15% for other purposes [39, 97]. Among different categories of 
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pesticides, global consumption of herbicides shares 47.5%, insecticides 29.5%, 

fungicides 17.5% and other pesticides contributes 5.5% [98]. Like other parts of the 

world, large quantities of different pesticides are used in Pakistan. According to an 

estimate, about 173,000 tons of pesticides are used annually in Pakistan with the 

expenses of about Rs. 13,000 million and this quantity is continuously increasing with 

an annual rate of about 6% [66]. In agriculture, pesticides are used mainly to control 

pests and minimize crop losses, but their indiscriminate and intensive use has resulted 

in serious environmental hazards as well as aggravated the pesticide poisonings in 

other biota [42-44]. The toxicity of pesticides does not remain restricted to the target 

organisms only but can also affect non-target organisms including plants and animals 

as well as impair activities of soil microbial communities [7, 38]. Since pesticides are 

poisons, their indiscriminate and unskilled use has resulted in several problems like 

damage to plants and animals, increased resistance of pests to pesticides, 

accumulation of residues in fruits and vegetables, severe biodiversity losses and 

decline in natural habitats [53]. Nevertheless, the direct and indirect impacts of 

pesticide overdosing on ecosystems as well as human health are of great concern and 

remain largely under-reported. 

In advanced countries, strict monitoring and regulation system for pesticides ensure 

the safe use and proper handling of pesticides. The control schemes further ensure 

their use on scientific basis that support their effectiveness against target pests and not 

posing significant hazard to the environment and human health [60]. In contrast, the 
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quantities of pesticide to be used effectively in developing countries mostly rely on 

manufacturer’s recommendations. The recommendations are based on data derived 

from toxicity related tests, crop residue analyses, environmental fate testing and 

ecotoxicology testing under different agro-climatic and sociocultural conditions. 

Although this information is useful, may not be appropriate under local conditions 

[60]. Most of the farmers in developing countries lack formal training and information 

on the use and safe-handling of pesticides. In addition, the pesticide dealers are 

mostly untrained and usually advise pesticides unwisely in two or three times higher 

concentration than the recommended dose [61, 62]. As each crop is susceptible to 

attack by more than one type of pests, it is usually treated with several pesticides in 

combination. In countries like Pakistan, pesticides are often used indiscriminately and 

in excess amount [4, 63, 64]. The pesticide dealers always recommend pesticides in 

excessive dose because they are more interested in earning their profit rather than 

guiding the farmers properly [65]. Over application of pesticides can interfere with 

various processes in plants like cell growth, photosynthesis, respiration, biosynthetic 

reactions, and molecular composition in plants [4, 56]. Studies revealed that pesticides 

usage can cause several adverse effects in non-target host plants like lowering of 

pollen performance [47, 48], impairment of reproductive processes in potato [46], 

disruption in photosynthesis and enzyme activities in cucumber [45], retarded 

germination and growth in soybean [59], disturbance of morphological and 
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physiological parameters in maize [50] and impaired growth and production of 

photosynthetic pigments in tomato [4]. 

These elusive adverse effects can add up and lead to economic losses when multiple 

crops are grown. At the cellular level, pesticide-induced stress has been found to 

produce oxidative stress, contributing to the toxicity in the form of reactive oxygen 

species (ROS), viz. hydrogen peroxide (H2O2), superoxide (O2−), and hydroxyl radical 

(OH•). ROS is a collective term that describes the chemical species formed upon 

incomplete reduction of oxygen [99]. Under normal growth conditions, the production 

of ROS in cells is very low, while stress conditions such as drought, salinity, chilling, 

heavy metals and pesticides, elevate the levels of ROS in plant cells. ROS molecules 

are highly toxic and can oxidize most of the lipids, proteins and nucleic acids 

subsequently causing death of the cells due to lipid peroxidation, membrane damage 

and inactivation of enzymes. Oxidative stress can also occur as damage to biological 

systems or by impairing antioxidant defence systems. 

Among various stress markers, lipid peroxidation is an important one and is indicated 

by the formation of thiobarbituric acid reactive substances (TBARSs). To cope with 

oxidative stress, plants develop a complex antioxidant defence system, consisting of 

both antioxidant enzymes such as superoxide dismutase (SOD), peroxidase (POD), 

ascorbate peroxidase (APX), glutathione reductase (GR), catalase (CAT) and non-

enzymatic antioxidants like ascorbic acid (AsA) and proline etc., that scavenge free 

radicals and peroxides [100-102]. Increased stress tolerance in plants exposed to 
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various stresses is often associated with higher levels of antioxidants, particularly 

through the enhancement of antioxidant enzyme activities [101, 103-105]. Among key 

antioxidant enzymes, SOD catalyses the dismutation of superoxide to molecular 

oxygen and hydrogen peroxide (H2O2) and constitutes the first line of antioxidant 

defence. CAT, APX and POD are implicated in the scavenging of H2O2 [106, 107]. 

Non-enzymatic antioxidants include a range of compounds such as ascorbate, 

carotenoids, phenolic compounds and several nitrogenous metabolites such as amino 

acids, especially proline, which possesses a powerful antioxidant activity required to 

redress the deleterious effects of ROS [102]. Changes in the activity of these enzymes 

indicate redox alterations related to oxidative stress. ROS, TBARS and antioxidants 

have been frequently used in plants to assess environmental stresses. Several other 

studies indicate pesticide -induced toxicity by causing oxidative stress i.e. ROS 

production and their scavenging mechanism in plants [108-110]. The mechanism 

includes the stimulation of anti-oxidative enzyme activity as well as lowering the 

content of antioxidants [111] and disrupting the electron transport chain [112]. 

Tomato (Solanum lycopersicum) is a major horticultural crop with an estimated global 

production of over 120 million metric tons [66] and has a high economic value 

worldwide. In Pakistan, tomato is the second major vegetable crop widely grown in 

different parts of the country throughout the year [67]. For example, in 2011 tomato 

was grown on an area of 39,918 hectares which gave an estimated annual production 

of 433,128 tones. In 2009–2010, Pakistan exported 5692 tons of tomato and earned 77 
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million PKR [68]. Due to the rapid increase in population, the demand for domestic 

consumption of tomato in Pakistan is increasing day by day. Tomato is consumed in a 

variety of ways, i.e. in the form of vegetable, salad, fruit, ketchup, and chatni etc. 

[69]. In Pakistan, the yield of tomato is lower as compared to the developed countries 

mostly due to pest’s attack [70]. To overcome these losses, farmers extensively use 

pesticides in higher concentrations. 

As discussed above, farmers in Pakistan apply pesticides on crops in doses several 

times higher than the recommended one. Pesticides application in such higher doses 

can negatively impact growth and yield of tomato. In a previous study we found that 

over application of the pesticides commonly used in Pakistan (emamectin benzoate, 

alphacypermethrin and imidacloprid) adversely affected different growth parameters 

in tomato [4]. However, studies on the mechanism of toxicity of these pesticides in 

crops like tomato can hardly be found in literature. A number of studies have shown 

that application of different chemicals and pesticides can lead to the generation of 

ROS and oxidative stress in plants which further activates the antioxidant defence 

system in exposed plants [108-110]. We hypothesized that these pesticides might 

cause oxidative stress in tomato which may adversely affect its growth. The present 

study was therefore designed to investigate the effects of different doses of these three 

commonly used pesticides, emamectin, alpha-cypermethrin and imidacloprid, on 

oxidative stress as well as antioxidants defence responses in tomato. The main 

objectives of this study were: (1) to study the effect of emamectin, alpha-
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cypermethrin and imidacloprid on the generation of ROS (H2O2) and oxidative stress 

in term of membrane lipid peroxidation (TBARS assay) in tomato seedlings, (2) to 

evaluate antioxidant responses of tomato to the applied pesticides by measuring the 

activities of various enzymatic and non-enzymatic antioxidants (superoxide dismutase 

(SOD), catalase (CAT), glutathione reductase (GR) peroxidase (POD), ascorbate 

peroxidase (APX) and proline) and (3) to assess the effect of resultant stress on cell 

injury and cell viability as well as on total soluble proteins and sugars in tomato. The 

effects of the used pesticides were studied in both shoots and roots of tomato. The 

findings of this study provide an insight into the phytotoxicity of these pesticides in 

non-target host plants, which can be helpful in formulating future strategies to 

minimize the adverse effects of pesticides on non-target host crops. Furthermore, 

these parameters in tomato can be used as endpoints to evaluate the ecotoxicological 

and deleterious effects of insecticides in the agroecosystem. 

3.2 MATERIALS AND METHODS 

3.2.1 Plant material  

Tomato (Solanum lycopersicum) was selected as experimental plant. A known variety 

of tomato (BSS-30) was obtained from a certified dealer in Bannu city, Khyber 

Pakhtunkhwa, Pakistan. 

3.2.2 Pesticides treatments 

To examine the effects of three commonly used pesticides including emamectin 

benzoate, alpha-cypermethrin and imidacloprid on tomato plant, five different 
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concentrations of each pesticide were prepared and sprayed over the foliage at weekly 

intervals for a period of 35 days. The selected pesticides belong to three different 

classes of pesticides, i.e. alpha-cypermethrin is a pyrethroids, imidacloprid is 

neonicotinoids and emamectin belongs to abamectin. These are broad spectrum 

insecticides, affecting the nerve impulses in the insects. Emamectin possesses 

systemic mode of action with avermectine as active ingredient which causes paralysis 

in the insects by activating chloride channels in nerves cells. Alpha-cypermethrin is a 

pyrethroid with non-systemic contact mode of action which modulates the sodium 

channels causing hyperexcitation in nerves accompanied with stomach action. The 

imidacloprid is a systemic insecticide containing neonicotinoids which mimics the 

agonist action of acetylcholine and cause hyperexcitation in the nervous system of 

exposed insects. The selection of these pesticides was based on literature which 

reveals these to be among the most commonly used pesticides in Pakistan [4, 23, 63]. 

A general informal discussion with farmers and pesticide dealers in a tomato growing 

area confirmed the same. Since the dealers usually prescribe higher doses of 

pesticides than the dose recommended by manufacturer, the concentrations tested for 

each pesticide were: recommended dose (X), two times higher (2X), four times higher 

(4X), half (½X) and quarter (¼X) of the recommended doses, i.e. five different 

concentrations were tested for each pesticide. For emamectin, the doses of ¼X, ½X, 

X, 2X and 4X correspond to 10 mg/L, 20 mg/L, 40 mg/L, 80 mg/L and 160 mg/L, 

respectively, while for cypermethrin 30 mg/L, 60 mg/L, 125 mg/L, 250 mg/L and 500 
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mg/L, respectively. Similarly, ¼X, ½X, X, 2X and 4X doses of imidacloprid were 

125 mg/L, 250 mg/L, 500 mg/L, 1000 mg/L and 2000 mg/L, respectively (Table 2.1). 

3.2.3 Experimental procedure 

Experiments were conducted in plastic pots containing sterilized sand. A total of ten 

seeds were placed with appropriate distance in each pot. Before sowing, seeds were 

surface sterilized with 80% (v/v) ethanol for 5 min and then rinsed with distilled water 

for three times. All glassware was autoclaved at 121 °C for 15 min before use. For 

germination, pots containing seeds were kept in a growth chamber under dark 

conditions at a temperature of 25 °C for 5 days. After the germination was completed, 

a photoperiod of 16/ 08 h light/dark period with a light intensity of 500 mol/m2/s was 

provided and 27 ± 2°C temperature and 60% humidity was maintained throughout the 

experiment. Each treatment was sprayed with 5 mL of the respective solution after 

interval of every 7 days. Hoagland’s solution was used for nutritional requirement of 

the experimental plants. Each experiment was conducted in three independent 

replicates. After 35 days, the experiment was harvested, and all the biochemical 

determinations were performed. 

3.2.4 Analysis of stress markers 

Fresh samples (0.5 g) of aerial parts (shoot) and roots were ground with the help of a 

mortar and pestle using liquid nitrogen and homogenized in 50 mM phosphate buffer 

(pH 7.8) under chilled conditions. The homogenized mixture was filtered through four 

layers of muslin cloth and centrifuged at 12,000×g for 10 min at 4 °C. The samples 
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were subjected to analyses of lipid peroxidation in term of TBARS, H2O2 as 

representative reactive oxygen species (ROS), activities of enzymatic antioxidants 

like superoxide dismutase (SOD; 1.15.1.1), guaiacol peroxidase (POD, EC 1.11.1.7), 

ascorbate peroxidase (APX; 1.11.1.11), catalase (CAT; 1.11.1.6) and glutathione 

reductase (GR; 1.6.4.2) and activities of the non-enzymatic antioxidants proline. 

Moreover, total soluble protein (TSP), total soluble sugar (TSS), cell injury and cell 

viability were analysed as stress markers. The methods used to assess various stress 

biomarkers are as follows. 

3.2.5 H2O2 determination 

Analysis of H2O2 was carried out on fresh plant materials spectrophotometrically as 

described by Willekens et al. [113]. Absorbance at 390 nm was observed in a reaction 

mixture containing 1 mL of enzyme extract, 1 mL of 10 mM potassium phosphate 

buffer (pH 7.0) and 2 mL of 1 M KI. Amount of H2O2 produced was expressed as 

μM/g fresh weight (FW), on the basis of previously established calibration curve. 

Amount of H2O2 produced was expressed as uM/g FW. 

H2O2 (μM/g FW) = C×Vt / Vr×W 

Where, C = constant of H2O2 from standard curve, Vt = volume of phosphate buffer 

used for sample grinding, Vr = volume of enzyme extract, w = fresh weight of the 

sample taken 
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3.2.6 Determination of lipid peroxidation 

The level of lipid peroxidation products was measured in terms of thiobarbituric acid 

reactive substances (TBARS) using the method of Hodges et al. [114] with slight 

modification. Fresh root/shoot samples weighing 200 mg were ground in 3 ml of 

0.25% (w/v) 2-thiobarbituric acid (TBA) in 10% tri-chloro acetic acid (TCA) using 

mortar and pestle. Homogenate was heated for 30 min at 95 °C and then quickly 

cooled in an ice bath and centrifuged at 10,000×g for 10 min. The absorbance of 

supernatant was recorded at 532 nm, and nonspecific turbidity was corrected by 

subtracting the absorbance of the same at 600 nm. The level of lipid peroxidation was 

calculated and expressed as TBARS. 

3.2.7 Analysis of SOD activity 

Superoxide dismutase (SOD, EC 1.15.1.1) activity was assayed by measuring its 

capacity of inhibiting the photochemical reduction of nitro blue tetrazolium (NBT) by 

following the method of Giannopolitis and Ries [115] modified by Wang et al. [116]. 

A total of 3 mL of reaction mixture containing 50 mM of phosphate buffer (pH 7.8), 

10 mM of Methionine, 1.17 mM of Riboflavin, 56 mM of NBT, and 25 μL of enzyme 

extract was placed under light conditions at 4000 Lux for 10 min while the control 

sample was placed under dark as well as light conditions. The absorbance of solution 

was measured at 560 nm. One unit of SOD is defined as the enzyme activity that 

inhibited the photo reduction of NBT to blue Formazan by 50%. In control samples, a 
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25 µL distilled water was used in place of enzyme extract. The following formula was 

used to elucidate the levels of SOD in plant samples: 

X = OD sample − OD blank 

SOD = X × 10 (amount of buffer used)/0.5 (amount of plant sample in g)/1/0.025 

enzyme extract/1.235 

3.2.8 POD activity 

Guaiacol peroxidase (POD, EC 1.11.1.7) activity was assayed according to the 

method of Pütter [117] and Cakmak and Marschner [118] with some modifications. 

The reaction mixture (3 ml) consisted of 100 μL enzyme extract, 100 μL guaiacol 

(1.5%, v/v), 100 μL H2O2 (300 mM) and 2.7 ml of 25 mM potassium phosphate 

buffer with 2 mM EDTA (pH 7.0). Increase in the absorbance due to oxidation of 

guaiacol was measured through spectrophotometer (UV-2600) at 470 nm. Enzyme 

activity of POD at 25 ± 2 °C was calculated with following formula. 

POD (nM/g FW per minute = (OD × ε)/ (W × T) 

Where: OD = Optical density of samples at 470 nm, ε = 0.18 mM−1 cm−1, W = weight 

of sample, T = time duration taken. 

3.2.9 Analysis CAT activity 

Catalase (CAT, EC 1.11.1.6) activity was determined by the method of Cakmak and 

Marschner [118]. Simply, 0.5 g fresh leaf material was grounded in 10 mL of 

extraction buffer (0.5 M Na-phosphate, pH 7.3, 3 mM EDTA, 1% PVP, 1% Triton X 
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100) and centrifuged at 10,000 rpm for 20 min at 4 °C. The assay mixture (3 mL) was 

comprised of 100 μL enzyme extract, 100 μL H2O2 (300 mM) and 2.8 mL 50 mM 

phosphate buffer with 2 mM EDTA (pH 7.0). The CAT activity was determined by 

consumption of H2O2 (extinction coefficient of 39.4 mM/cm) at 240 nm for 30 s 

using the following formula: 

Catalase = OD × Volume of buffer (V) × volume of enzyme (v) × volume of sample 

in cavet (A)/ε × Weight (w) 

Where, V = 10 mL, v = 0.1 mL, A = 3 mL, ε = 39.4 mM−1 cm−1, w = 0.5 g. 

3.2.10 GR activity 

Glutathione reductase GR (EC 1.6.4.2) activity was determined by the method of 

Giannopolitis and Ries [115] with slight modifications. Fresh leaf material (0.5 g) was 

ground in 2 mL of extraction buffer (0.1 M Na-phosphate, pH 7.0, 3 mM EDTA, 1% 

PVP, 1% Triton X 100) and centrifuged at 10,000 rpm for10 min. GR activity was 

expressed as µM min−1 mg−1 protein 

3.2.11 Determination of APX activity 

Ascorbate peroxidase (APX, EC 1.11.1.11) activity was measured by the method of 

Nakano and Asada [119]. The reaction mixture consisted of 100 μL enzyme extract, 

100 μL ascorbate (7.5 mM), 100 μL H2O2 (300 mM) and 2.7 mL 25 mM potassium 

phosphate buffer with 2 mM EDTA (pH 7.0). Absorbance was recorded at 290 nm for 

1 minutes and oxidation of ascorbate was observed by the change in absorbance at 
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290 nm (ε 2.8 mM-1 cm-1). For calculation of APX following formula was applied. 

APX = OD × (V) ×(v)/ε×w  

Here, OD = optical density, V is volume of buffer for enzyme extract = 20 mL, v is 

volume of buffer in cuvette = 2.7 mL, ε = 2.8 mM-1 cm-1, w is eight= 0.5 g. 

3.2.12 Proline 

Proline was extracted from plant samples by homogenization in 3% (w/v) 

sulphosalicylic acid and was quantified by the ninhydrin-based colorimetric assay as 

described by Bates et al. [120]. Simply, 0.5 g of fresh samples were homogenized in 5 

ml of 3% sulphosalycylic acid using mortar and pestle and centrifuged at 4000 rpm 

for 30 min at room temperature. Supernatant of 1 ml was added in 1 ml of acid 

ninhydrin (1.25 g ninhydrin in 30 ml glacial acetic acid and 20 ml 6 M phosphoric 

acid) and 1 ml of glacial acetic acid and kept at 100 °C for an hour in oven. The 

reaction was completed in an ice bath and mixed with 2 ml toluene and placed at 

room temperature until the separation of two layers. The upper coloured layers were 

taken for absorbance at 520 nm. Proline content was calculated from a previously set 

standard curve and concentration in the treatment was calculated. 

3.2.13 Determination of total soluble protein 

The total soluble protein content was analysed according to Bradford [121] modified 

by Balasubramanian and Sadasivam [122], using Coomassie Brilliant Blue G-250 as 

dye and albumin as a standard. Furthermore, Bradford reagent (mixture of 13.3 g Cu-

acetate, 1.8 mL glacial acetic acid and add distilled water to make 200 mL solution) 
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was used for protein estimation. Fresh leaves (100 mg) were homogenized in a 1 mL 

phosphate buffer (pH 7.0) by using mortar and pestle. The crude homogenate was 

centrifuged for 15 min at 4000 rpm. In reaction mixture 2 mL distilled water, 20 µL 

enzyme extract and 0.5 mL Bradford reagent was added. Distilled water was used as a 

blank and recorded the absorbance at wavelength of 595 nm by using a 

spectrophotometer (UV-2600) while bovine serum albumin (BSA) was used as a 

standard. Total protein content was calculated using the following formula. 

Total soluble protein (mg g-1Fw) = C × V/Vt × W 

C = Absorbance coefficient value using equation of linear regression curve (X = OD 

− 0.592/0.033), V = Volume of phosphate buffer, Vt = Volume of enzyme extract,  

W = Plant weight. 

3.2.14 Total soluble sugars 

To deter mine the content of total soluble sugars, slightly modified method of Shields 

and Burnett [123] was followed. Delicate and fresh parts from shoots and roots (50 

mg) were homogenized in liquid nitrogen and grinded to powder with the help of 

mortar and pestle. Then added a 3 ml of 90% ethanol and incubated it for 1 h at 60 – 

70 °C. Extract was further mixed with 90% ethanol, and made the final volume 25 mL 

in a volumetric flask. Aliquot of 1 mL was mixed with 1 ml of 5% phenol and 5 mL 

sulphuric acid. Contents of total soluble sugar were measured through absorbance at 

485 nm against the standard curve of glucose solution and expressed as mg g−1 FW. 
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3.2.15 Analysis of cell injury  

For the determination of cell injury, membrane permeability in terms of electrolyte 

leakage was measured in fresh root and shoot, using electrical conductivity meter 

following the method of Lu et al. [124]. Pieces of fresh leaf and root were placed in 

test tubes, added 20 mL of distilled water and incubated overnight at 10 °C. The 

electrical conductivity of fresh plant samples (EC-I) and of samples autoclaved for 15 

min at 120 °C (EC-II) was analysed. The cell injury of each sample was analysed 

through formula: 

Cell injury = EC-I/EC-II × 100 

3.2.16 Analysis of cell viability 

To determine cell viability, the technique of triphenyl tetrazolium chloride (TTC) 

reduction was used. Pieces of fresh leaves and roots (0.2 g) were incubated in 0.6% 

(v/v) TTC, phosphate buffer for 24 h at 32 °C. The samples were washed with 

distilled water and extracted with 95% ethanol at 65 °C for 4 h. Absorbance at 490 nm 

was measured and the cell viability was calculated as the absorbance/g of fresh mass. 

3.2.17 Data analysis 

The data are expressed as mean of three independent replicates and were analysed by 

using One-Way Analysis of Variance (ANOVA). Least significance difference (LSD) 

at 5% probability level was used to detect the significance of differences among 

treatment means. The difference was considered to be significant if p value was 

smaller than or equal to 0.05 (p ≤ 0.05). 
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3.3 RESULTS 

3.3.1 Exposure to increased concentrations of pesticides induced ROS damage 

Foliar application of the pesticides increased oxidative stress in tomato by enhancing 

the production of reactive oxygen species measured in terms of H2O2 levels. In 

comparison, ROS accumulated more in root than in shoot tissues. An increase of 42.5 

and 53.8% was observed in tomato shoot tissue samples treated with 2X and 4X 

concentrations of imidacloprid, respectively (Fig. 3.1a). Similarly, an increase in 

H2O2 levels was recorded in root tissue samples exposed to increasing concentrations 

of pesticides. The recommended and 4X concentrations of emamectin caused an 

increase of 190.9 and 131.8%, respectively whilst ½X, recommended, 2X and 4X 

concentrations of imidacloprid resulted in 188.8, 155.5, 303 and 214.6% increase, 

respectively in H2O2 levels (p ≤ 0.05) as compared with the control (Fig. 3.1b). 

Among the tested pesticides, least toxicity was observed in shoot tissues treated with 

cypermethrin. However, significant difference in H2O2 contents was observed in root 

tissues exposed to different concentrations of cypermethrin except ¼X dose. The 

increase in contents of TBARS was also found in shoot and root subjected to pesticide 

stress. TBARS contents of shoot tissue significantly increased (p ≤ 0.05), i.e. 37.2% 

only when exposed to 4X concentrations of cypermethrin.  
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Fig. 3.1 Effect of the pesticides on shoot and root H2O2 levels in tomato seedlings. 

Each bar represents the mean value of three independent replicates and the 

error bar shows standard deviation. Different alphabets indicate significant 

difference (p ≤ 0.05) as revealed by one-way ANOVA with Least Significant 

Difference (LSD) as a post-hoc test used for each pesticide separately. 

Similarly, in the case of root tissues all the treatments with different concentrations of 

imidacloprid significantly enhanced (53, 37, 43.8, 52 and 58.3%) membrane damage. 

A maximum increase (58.3%) of TBARS was observed in root tissues at 4X 

imidacloprid treatment (Fig. 3.2). 
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Fig. 3.2 Effect of the pesticides on shoot and root TBARS levels in tomato seedlings. 

Each bar represents the mean value of three independent replicates and the 

error bar shows standard deviation. Different alphabets indicate significant 

difference (p ≤ 0.05) as revealed by one-way ANOVA with Least Significant 

Difference (LSD) as a post hoc test used for each pesticide separately. 

These results indicated that exposure to higher doses of pesticides induced higher 

production of ROS which possibly caused increase in TBARS content and lipid 

peroxidation in tomato root and shoot tissue thereby disrupting cellular and enzymatic 

activities. 
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3.3.2 Pesticides application altered antioxidant enzyme activities 

Pesticide stress led to significant alteration in antioxidant defence system both in 

shoot and root of tomato plants. A significant increase (p ≤ 0.05) in the activities of 

antioxidant enzymes (SOD, POD, CAT, GR, APX and Proline) was observed in 

tomato seedlings when exposed to elevated levels of the applied pesticides as 

compared to the non-stressed control plants. 

The obtained data revealed that the activity of SOD in treated tomato, both in shoot 

and root, significantly exceeded control levels (p ≤ 0.05) and increased with 

increasing concentrations of pesticides (Fig. 3.3). In the case of shoot, all the applied 

concentrations of the three pesticides significantly enhanced the SOD levels except 

for ¼X and 4X doses of cypermethrin. Interestingly, application of recommended 

concentration of emamectin in the shoot tissues resulted in the highest percentage 

increase (124%) in the enzyme activity as compared with the control. Moreover, ½X, 

recommended and 2X concentrations of cypermethrin also significantly elevated 

enzyme levels. Similarly, all tested concentrations of imidacloprid caused significant 

increase in the SOD activity in shoot tissues. 

However, exposure of roots to emamectin and cypermethrin exhibited reduction in 

enzyme activity at lower concentrations of the applied pesticides, followed by a 

significant increase at 4X pesticide overdose. Among treatments, 4X of cypermethrin 

and 2X of imidacloprid caused the maximum increase of 34 and 34.1%, respectively, 

in SOD activities, compared with the rest of the treatments (p ≤ 0.05) (Fig. 3.3). In the 
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case of POD, shoot tissues exhibited a significant increase in its activity as compared 

with root tissue in response to pesticides stress. All the treatments of imidacloprid and 

two treatments of emamectin (2X and 4X) increased the POD level significantly (p ≤ 

0.05) in the shoot tissues. A maximum increase of 40.9% was observed for shoot 

samples treated with highest (4X) tested concentration of cypermethrin as compared 

with the control treatment (Fig. 3.4). In roots of tomato, exposure to ¼X, 

recommended 2X and 4X concentrations of imidacloprid; ¼X, recommended and 4X 

concentrations of emamectin; and ½X concentrations of cypermethrin significantly 

enhanced the POD activity, with the highest increase of 21.2% at 4X of imidacloprid. 

Among all the pesticide treatments, imidacloprid treated shoot samples exhibited an 

increase in the enzyme levels in a dose dependent manner (p ≤ 0.05) (Fig. 3.4). The 

activity of GR enzyme in the shoot and root tissues of tomato plant exposed to 

pesticides stress is shown in Fig. 3.5. Treatment with recommended, 2X and 4X doses 

of emamectin significantly enhanced the levels of GR both in shoot and root tissues. 

A gradual increase in the enzyme activity was measured in both tissues in a dose-

dependent manner; except for treatment with ¼X of emamectin which showed a 

significant decrease in GR activity as compared with the control. Cypermethrin 

resulted in a significant (p ≤ 0.05) increase in the GR activity in root tissues at all the 

tested concentration whilst in shoot, a significant increase was observed only at 4X of 

this pesticide (Fig. 3.5). A remarkable increase in the enzyme levels was measured in 

tomato shoot and root tissue upon exposure to all the tested concentrations of 
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imidacloprid. The significant increase in the enzyme activity in shoot samples 

followed a dose-dependent trend. The highest increase of 141.3% was observed in the 

shoot and 154.7% in root tissues subjected to 4X and 2X concentrations of 

imidacloprid, respectively (Fig. 3.5). The activity of catalase enzyme in both shoot 

and root of seedlings subjected to pesticide stress significantly increased as compared 

to the control. Shoot tissue, exposed to 2X concentrations of emamectin and 

cypermethrin; recommended, 2X and 4X concentrations of imidacloprid, showed very 

prominent and significant increase in the activity of this enzyme. Similarly, in the 

case of root, the highest increase of 42.3% was observed in samples treated with 4X 

concentration of imidacloprid. Collectively, catalase enzyme activity significantly 

increased (p ≤ 0.05) in all the samples of roots treated with different concentrations 

(½X, recommended, 2X and 4X) of imidacloprid and cypermethrin. In the case of 

emamectin, only 2X dose significantly elevated catalase level in the root tissues (Fig. 

3.6). APX constitutes an important member of enzyme defence system that plays an 

important role in scavenging ROS to increase oxidative stress tolerance. Present 

results indicated that exposure to increasing doses of pesticides, significantly elevated 

APX levels both in root and shoot tissues of tomato (p ≤ 0.05). The obtained data 

suggested that shoot tissues were more responsive than root tissues due to direct 

exposure to pesticide stress. 
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Fig. 3.3 Effect of the pesticides on shoot and root SOD levels in tomato seedlings. 

Each bar represents the mean value of three independent replicates and the 

error bar shows standard deviation. Alphabet indicates significant difference 

(p ≤ 0.05) as revealed by one-way ANOVA with Least Significant Difference 

(LSD) as a post-hoc test used for each pesticide separately. 

Exposure of shoot tissue to different concentrations of imidacloprid, i.e. ¼X, ½X, 

recommended, 2X and 4X, significantly raised APX levels (20.8, 19.2, 21, 20 and 21.9%, 

respectively) in a uniform manner.  
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Fig. 3.4 Effect of the pesticides on shoot and root POD level in tomato seedlings. 

Each bar represents the mean value of three independent replicates and the 

error bar shows standard deviation. Alphabet indicates significant difference 

(p ≤ 0.05) as revealed by one-way ANNOVA used for each pesticide 

separately. 

Root tissue samples exhibited an increase in the APX levels by 6.52, 19.72 and 23%, when 

treated with 4X concentrations of emamectin, cypermethrin and imidacloprid, respectively. 

Overall, a dose dependent trend was observed in shoot tissues while no consistent trend in 

root tissues was found (Fig. 3.7). 
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Fig. 3.5 Effect of the pesticides on GR activity in the shoot and root of tomato 

seedlings. Each bar represents the mean value of three independent replicates 

and the error bar shows standard deviation. Alphabet indicates significant 

difference (p ≤ 0.05) as revealed by one-way ANOVA with Least Significant 

Difference (LSD) as a post-hoc test used for each pesticide separately. 
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Fig. 3.6 Effect of the pesticides on shoot and root Catalases level in tomato seedlings. 

Each bar represents the mean value of three independent replicates and the 

error bar shows standard deviation. Alphabet indicates significant difference 

(p ≤ 0.05) as revealed by one-way ANOVA with Least Significant Difference 

(LSD) as a post-hoc test used for each pesticide separately. 
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Fig. 3.7 Effect of the pesticides on shoot and root APX level in tomato seedlings. 

Each bar represents the mean value of three independent replicates and the 

error bar shows standard deviation. Alphabet indicates significant difference 

(p ≤ 0.05) as revealed by one-way ANOVA with Least Significant Difference 

(LSD) as a post-hoc test used for each pesticide separately. 
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3.3.3 Pesticides exposure causes increase in Proline content in root and shoot 

tissues 

Proline is considered as one of the important metabolites and accumulates in plant 

tissues in response to oxidative stress to protect plant tissues from damag by stress.  

 

 

Fig. 3.8 Effect of the pesticides on shoot and root Proline contents in tomato 

seedlings. Each bar represents the mean value of three independent replicates 

and the error bar shows standard deviation. Alphabet indicates significant 

difference (p ≤ 0.05) as revealed by one-way ANOVA with Least Significant 

Difference (LSD) as a post-hoc test used for each pesticide separately. 



Chapter 3 

65 

 

 

In the current investigation, among the tested pesticides, imidacloprid significantly 

increased proline levels in the shoot tissues at all applied concentrations. Cellular 

proline content exhibited 65.8% increase at ¼X pesticide concentration followed by 

steady increase of 132.3 % (½X), 127.6% (X), 133.3% (2X) and 138.2% (4X), in the 

imidacloprid exposed shoots (Fig. 3.8). Similarly, ½X concentration of cypermethrin; 

recommended, 2X and 4X concentrations of both emamectin and cypermethrin 

significantly (p ≤ 0.05) elevated the levels of proline in shoot tissue. No regular trend 

in proline accumulation was observed in root tissues treated with varying pesticide 

concentrations. Increasing pesticide concentrations significantly increased proline 

content of root tissue. Comparatively, proline accumulation was greater in roots than 

in shoots (Fig. 3.8). 

3.3.4 Pesticides overdose increases membrane permeability  

Pesticides overdosing impaired membrane permeability as revealed by increase in 

electrolyte leakage (Fig. 3.9). The highest increase was measured in shoot and root 

tissues treated with imidacloprid in comparison with the rest of the treatments. A 

marked increase of 55.3, 106.9, 113.9, 147 and 132.1% in root; 10.1, 52.6, 75, 112.4 

and 106.9% in shoot tissues were observed at ¼X, ½X, recommended, 2X and 4X 

concentrations of imidacloprid, respectively (Fig. 9). With the exception of ¼X in 

roots, all the concentrations of imidacloprid caused significant increase (p ≤ 0.05) in 

the electrolyte leakage values exhibiting similar trends in both tissues. In shoot, all the 

concentrations of cypermethrin significantly elevated (p ≤ 0.05) electrolyte leakage 
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indicating increased membrane permeability. In contrast, root tissues treated with 

cypermethrin showed no considerable differences from the untreated control. 

Treatment with 2X and 4X concentrations of emamectin resulted in significant 

increase in shoot electrolyte leakage and membrane peroxidation. On the other hand, 

recommended and 4X emamectin concentrations significantly enhanced membrane 

permeability in root tissue (p ≤ 0.05). Overall analysis indicated that shoot tissues 

were more affected when exposed to higher doses of pesticides than roots of the 

tomato plant (Fig. 3.9). 

The effects of pesticides on cell viability in shoot and root is presented in Fig. 

3.10. Plant tissues, subjected to different doses of pesticides, showed a decreasing 

trend in the cell viability. Least cell viability was recorded in the samples treated with 

different concentrations of imidacloprid. All the applied concentrations caused a 

gradual decline in the viability of cells in shoot (-11, -22, -30.1, -34.3 and -37.5% 

below the control) and root tissues (-17.6, -27.8, -37.1, -43.1 and -49.6% below the 

control) (Fig. 3.10). Similarly, recommended, 2X and 4X doses of cypermethrin and 

emamectin caused significant decline (p ≤ 0.05) in cell viability both in shoot and root 

tissues. Treatment of shoot and root tissues with increasing concentrations of 

imidacloprid caused significant reduction in cell viability following a dose dependent 

pattern. Among all the treatments, minimum reduction in cell viability was recorded 

for samples exposed to 4X imidacloprid concentrations. Collectively, these data 
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suggested that increased pesticide concentrations significantly decreased cell viability 

indicating potential toxicity of the pesticide overdosing (Fig. 3.10). 

 

 

 

Fig. 3.9 Effect of the pesticides on shoot and root cell injury in tomato seedlings. 

Each bar represents the mean value of three independent replicates and the 

error bar shows standard deviation. Alphabet indicates significant difference 

(p ≤ 0.05) as revealed by one-way ANOVA with Least Significant Difference 

(LSD) as a post-hoc test used for each pesticide separately. 
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Fig. 3.10 Effect of the pesticides on shoot and root cell viability in tomato seedlings. 

Each bar represents the mean value of three independent replicates and the 

error bar shows standard deviation. Alphabet indicates significant difference 

(p ≤ 0.05) as revealed by one-way ANOVA with Least Significant Difference 

(LSD) as a post-hoc test used for each pesticide separately. 

3.3.5 Pesticides causes a reduction in total soluble proteins and sugars 

Total soluble protein is an important parameter for determination of phytotoxicity posed by 

environmental stresses. The evaluation of total soluble protein contents revealed significant 

toxic effects of pesticides treatments on tomato plant (Fig. 3.11). It was observed that 

application of higher doses of pesticides decreased the protein contents significantly (p ≤ 
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0.05). Highest reduction in protein contents was recorded both in shoot and root tissues (72.4 

and 76.6%, respectively) when plants were exposed to 4X concentration of imidacloprid (Fig. 

3.11).  

 

 

Fig. 3.11 Effect of the pesticides on shoot and root total soluble protein in tomato 

seedlings. Each bar represents the mean value of three independent replicates 

and the error bar shows standard deviation. Different alphabets indicate 

significant difference (p ≤ 0.05) as revealed by one-way ANOVA with Least 

Significant Difference (LSD) as a post-hoc test used for each pesticide 

separately. 
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Fig. 3.12 Effect of the pesticides on shoot and root total soluble sugar level in tomato 

seedlings. Each bar represents the mean value of three independent replicates 

and the error bar shows standard deviation. Different alphabets indicate 

significant difference (p ≤ 0.05) as revealed by one-way ANOVA with Least 

Significant Difference (LSD) as a post-hoc test used for each pesticide 

separately. 

Overall, imidacloprid and cypermethrin were most toxic and significantly decreased 

protein content of shoot and root tissues. Samples treated with emamectin also 
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exhibited significant reduction in protein content, however, the effects were less 

severe as compared with plants exposed to higher concentrations of imidacloprid and 

cypermethrin (Fig. 3.11). The level of TSS is an indicator of possible growth of 

metabolites and even a small decline in the production of TSS indicates stress 

condition. Present results revealed that application of all pesticides in the doses above 

the recommended one caused significant reduction (p ≤ 0.05) in the TSS contents. 

The decline in TSS contents was more prominent in root samples rather than in 

shoots. Also, increasing concentrations of imidacloprid resulted in the highest 

significant decrease in total soluble sugar accumulation relative to cypermethrin and 

emamectin. The imidacloprid induced decrease in total soluble sugar followed a dose 

dependent trend (Fig. 3.12). 

3.4 DISCUSSION 

Plants are affected by environmental stress and pollution in different ways that affect 

their overall growth. Damages occurs in plants in response to exposure to pollutants 

can be used as pollutants indicators in the environment as well as inflict the stress by 

analysing the changes in biomass, growth pattern, morphology, anatomy and 

physiology [125, 126]. Among the various environmental stresses, pest attack is a 

major constraint that decreases crops productivity, sometime up to 70% [127]. To 

protect plants from insect pests, weeds and diseases, use of chemical pesticides is the 

ultimate option for farmers. Although pesticide manufacturing companies recommend 

pesticides at a specific dose, pesticides dealers often prescribe over dosing to the 



Chapter 3 

72 

 

 

farmers [61, 62, 65]. These higher doses can probably harm the host crop by posing 

stress and overwhelmingly compromise plant cellular functions and viability. Plants 

exposed to abiotic stresses generate reactive oxygen species (ROS) which 

consequently cause peroxidation of lipid and membrane leakage [100]. 

Usually oxidative stress causes oxidative damage to different macro-molecules 

in the cell and is considered as an important biomarker in evaluation of phytotoxicity 

caused by different stresses [128]. To protect plants from the deleterious effect of 

oxidative stress and maintain a steady state level of ROS in the cell, enzymatic 

antioxidants such as superoxide dismutase (SOD), peroxidase (POD), glutathione 

reductase (GR), catalase (CAT), ascorbate peroxidase (APX) as well as non-

enzymatic antioxidants like proline, ascorbic acid, glutathione, tocopherol and 

carotenoids are activated to scavenge free radicals and peroxides [129, 130]. The role 

of SOD is to catalyse the superoxide into molecular oxygen and hydrogen peroxide 

(H2O2) [131] . Similarly, CAT, APX and POD are implicated in the further 

scavenging of H2O2 [106]. The detoxification of ROS, protection of membrane 

integrity and stabilization of the enzymes or proteins are assumed to be performed by 

the production of proline under stress condition [132]. 

In the present study, ROS levels significantly increased in seedlings exposed to 

different pesticides. The highest increase in H2O2 levels was observed in root tissues 

treated with imidacloprid. A possible explanation for the higher production of ROS by 

imidacloprid in roots relies on the systemic nature of this pesticide. Moreover, it can 



Chapter 3 

73 

 

 

also be due to the higher applied dose of this pesticides than emamectin and 

cypermethrin (the applied doses were based on the recommended doses of each 

pesticide as described in Materials and methods section). These results are consistent 

with earlier findings that pesticides induced oxidative stress and lead to enhanced 

ROS levels in exposed plant tissues. 

Accumulation of ROS has been quantified in bitter gourd leaves when exposed to 

increased concentrations of dimethoate pesticide [133]. Elstner, [134] suggested that 

under stressful conditions, the elevated level of lipid peroxidation might occur 

because of rapid generation of ROS, which ultimately affects the membrane lipids and 

consequently resulting in the formation of malondialdehyde (MDA). Exposure to 

endosulfan insecticide has resulted in increased ROS level even in some prokaryotic 

organisms like the cyanobacterium Plectonema boryanum [135]. 

The increased level of TBARS in the pesticides-treated tomato seedlings indicated 

high degree of membrane damage upon exposure to pesticide stress. In addition, the 

measured TBARS contents were higher in root than shoot tissues (Fig. 3.2). It could 

be attributed to the higher accumulation of ROS in root tissues (as discussed above) 

causing membrane damage due to lipid peroxidation and in turn generated TBARS. 

Ali et al. [136] observed that application of bisphenol A (BPA) caused more oxidative 

damage (lipid peroxidation) in root tissues of Oryza sativa as revealed by elevated 

levels of TBARS contents. In a similar study, Parween et al. [137] reported that 

TBARS level increased in plants exposed to high concentrations of chlorpyrifos. 
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Similarly, the application of deltamethrin and other pesticides increased the level of 

TBARS in both leaves and shoots of soybean plants [138, 139]. The elevated levels of 

lipid peroxidation in the present results indicates that ROS mediated plant damage 

may be one of the important phytotoxic impacts of pesticides toxicity. 

Enzymatic and non-enzymatic antioxidants in plant cells act as signal for the 

activation of ROS scavenging system [140]. Thus, any alteration in antioxidant 

activities show oxidative stress as well as stress tolerance in stress exposed plants 

[141]. Among the enzymatic antioxidants, SOD is an essential component of plant’s 

antioxidative defence system and causes the dismutation of free radicals by the 

formation of H2O2. The present results revealed that the activity of SOD was 

significantly elevated in pesticide-treated seedlings. All the applied concentrations of 

tested pesticides enhanced the SOD levels in shoot tissues while root tissues showed 

no or little response to pesticides stress in term of SOD production (Fig. 3). The 

stimulation or inhibition of SOD activity predicts the extents of phytotoxicity at 

higher doses of pesticides in the treated seedlings. The little or no rise in the SOD 

activity of root system in response of pesticide stress speculate the inhibition of this 

enzyme due to higher oxidative damage in the root. According to Haddad et al. [142], 

the application of chlorpyrifos accelerated the SOD activity in plants. Parween et al. 

[137] also reported enhanced level of SOD activity in Vigna radiata subjected to 

different levels of chlorpyrifos. Similarly, stimulation in the SOD activity was 

reported with the application of the insecticide deltamethrin in Glycine max L. [138] 
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and herbicide prometryne in wheat and rice [143, 144]. It was also suggested that the 

activity of SOD was stimulated by scavenging of O2- to protect Vigna radiata plants 

from the toxicity of chlorpyrifos [137]. According to Mahnaz [145], application of 

high concentration of chlorpyrifos and malathion stimulated the activity of SOD in 

tomato and brinjal seedlings. 

The enzyme peroxidase (POD), an important antioxidant in plants, plays an important 

role in the growth and development of plants [146] and is used as indicator of 

oxidative stress. POD is involved in the breakdown of H2O2 as well as in some other 

physiological processes in plants [147]. Stimulation of the activity of POD is 

attributed to the resistance to stress and self-defence in the exposed plants. According 

to [148], with the stimulation of POD activity the rate of respiration increases in 

plants when subjected to abiotic stresses. In the present study, elevated levels of POD 

were found in plants exposed to pesticides stress. Moreover, POD activity in root 

tissues was significantly inhibited while an increase was observed in the shoot tissues. 

A possible explanation for an increase in the POD activity in shoot tissue was 

probably because of direct exposure of shoot tissue to pesticides foliar application. 

Likewise, increased level of H2O2 in roots (as discussed above) could be due to the 

low activity of POD in roots as this enzyme is involved in breakdown of H2O2, or 

otherwise high accumulation of H2O2 in roots might have inactivated or lowered the 

activity of this enzyme. The higher response of POD to imidacloprid could be due to 

the higher dose of this pesticide. Karadge and Karne [149] also demonstrated that 
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POD activity was stimulated in tomato leaves, when exposed to different 

concentrations of fungicides bavistin and calixin. 

The activity of GR antioxidants in tomato seedlings was also raised with pesticides 

application (Fig. 3.5). It has been demonstrated earlier that GR activity raised in stress 

conditions as it acts as the precursor for the generation of phytochelatins to protect 

plants from oxidative damages [150, 151]. Activation of GR helps and contributes to 

the regeneration of ascorbate, which act as antioxidant in plants growing in stressful 

environments. It has been studied earlier that some pesticides like chlorpyrifos 

stimulated the activity of GR in in Vigna radiata L. 

CAT is an important antioxidant enzyme and participates in the main defence system 

against accumulation and toxicity of ROS in plants by removing toxic H2O2 [152, 

153]. In this study, catalase activities in both roots and shoots of tomato were altered 

upon exposure to different concentrations of pesticides. Among the tested pesticides, 

tomato seedlings showed significant response to higher concentrations of 

imidacloprid in term of catalase activity. This higher response of CAT to imidacloprid 

compared to the other tested insecticides could be explained by the higher 

concentrations of imidacloprid used (as compared to other pesticides; for detail see 

materials and methods) and its systemic mode of action. Oxidative stress caused by 

pesticides application was found somehow correlated with increasing concentration of 

pesticides. Like our findings, Parween et al. [137] demonstrated that the foliar 

application of chlorpyriphos insecticide, in Vigna radiata L., enhanced CAT activity. 
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Contrary to our results, a gradual decease in the activity of CAT was noticed in 

Glycine max L. exposed to deltamethrin [138] and in Vigna radiata L. subjected to 

herbicide prometryne [143]. 

APX is considered as one of the POD but it uses ascorbate as electron donor during 

the first step of Asc–Glu cycle to eliminate H2O2 [143]. The level of APX and SOD 

activities in chloroplasts should be balanced so that the generation of H2O2 by SOD is 

removed by APX [154]. In this study, a dose-dependent increase was observed in 

APX levels in both roots and shoots of tomato exposed to different concentrations of 

pesticides. Shoot tissues were more responsive to different concentrations of 

pesticides (Fig. 3.7). Increased activity of APX in shoot resulted in more H2O2 

detoxification as compared to root tissues. Moreover, shoots were more exposed to 

pesticide stress because of their foliar application than that of root tissues. Morimura 

et al. (1996) suggested the protective role of APX in plants exposed to insecticide 

stress by its pronounced stimulation to detoxify H2O2. Same findings were reported 

for triazole fungicide [155] and prometryne [143] in plants. Parween et al. [137] also 

reported enhanced APX activity in Vigna radiata L., exposed to chlorpyrifos. Plants 

produce and accumulate metabolites such as proline when they are exposed to abiotic 

stresses [156, 157]. The major functions of proline in plants are to detoxify ROS, to 

protect the plant cells membrane integrity, to stabilize enzymes or proteins, to act as 

osmoprotectant and to increase stress tolerance [158-160]. The generation of proline 

acts as a signal molecule, which can be essential for plant recovery after exposure to 
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environmental stress [161]. In the present investigation, overdosing of pesticides 

caused an increase in the level of proline, especially in the exposed shoots (Fig. 3.8). 

Increased level of proline in plants treated with high concentrations of pesticides 

could be attributed to cellular dehydration in response to pesticides toxicity as 

suggested by [96]. In comparison to root, upper parts of seedlings were more directly 

exposed to pesticides, which can be a possible explanation for different responses of 

proline in root and shoot tissues. [39] also reported elevated level of proline in wheat 

plants in response to the pesticide omethoate. Similarly, Bashir et al. [138] and Wu et 

al. [144] observed an increase in the level of proline under deltamethrin stress in 

Glycine max L. and prometryne herbicide stress in rice, respectively. The 

accumulation of proline was regarded as a stress indicator in Vigna radiata L. 

exposed to chlorpyrifos [137]. The increased level of proline in plants under abiotic 

stresses reveals its protective role in plants [162-164]. Tomato seedlings exposed to 

pesticides showed high values of electrolyte leakage expressing that higher doses of 

pesticides increased cell injuries. Shoot tissues were more affected than root while 

imidacloprid application caused more severe electrolyte leakage (cell injury) than the 

other tested pesticides. These findings support our findings of various oxidative stress 

markers discussed above where shoots were shown to be more responsive than roots 

and imidacloprid caused more severe effects. Earlier studies also suggested an 

increase in the levels of cell injury in term of electrolyte leakage as well as decrease in 

the values of cell viability in plants upon exposure to abiotic stresses [165]. 
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The contents of protein in tomato seedlings subjected to pesticide stress showed a 

remarkable decrease. Among the tested pesticides, imidacloprid and cypermethrin 

caused more detrimental effects on proteins. The decreased level of total soluble 

protein in response to pesticide toxicity could be explained by the fact that toxicant 

produced due pesticide application retarded the synthesis of protein by inducing 

alteration in the activity of cytochrome oxidase, blockage of alternative respiratory 

pathways and by the formation of succinate [3]. It has been investigated that total 

protein contents in plants are affected by several stressors including xenobiotics [166]. 

Parween et al. [95] demonstrated that foliar application of chlorpyrifos insecticide on 

Vigna radiata L. decreased the contents of protein.  

Above the recommended doses, pesticides application caused severe reduction in the 

sugar contents, especially in the root tissues. Since root tissues act as a storage sink 

for accumulation of total soluble sugar produced by photosynthesis, retardation in this 

process results in lower level of TSS. In response to stress, phenolic compounds are 

produced in plant that can retard the overall growth through decline in the 

biosynthetic pathway of chlorophyll formation or by stimulation of degradation 

pathway that lead to reduced chlorophyll formation and ultimately cause retardation 

in the photosynthesis and sugar formation as described by Yang et al. [167]. Findings 

of our study corroborate the findings of [95] who demonstrated that application of 

chlorpyrifos at higher concentrations decreased the contents of soluble sugar in the 

seedlings of Vigna radiata L. 
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3.5 CONCLUSION 

It is concluded that overdoses of pesticides induced phytotoxicity in tomato seedlings 

by causing oxidative stress. The application of pesticides caused increased production 

of ROS which in turn caused increased lipid peroxidation (as revealed by TBARS 

content) and electrolyte leakage and hence impairing cell viability. Pesticides at 

higher concentration caused a reduction in protein and sugar contents of tomato 

seedlings. To reduce the detrimental impacts of pesticide-induced oxidative stress, the 

activities of different antioxidants (SOD, POD, GR, CAT, APX and proline) were 

observed to increase in tomato seedlings. Among the tested pesticides, imidacloprid 

caused maximum oxidative stress as revealed by different oxidative stress markers 

used in this study. Shoot tissues were more responsive than root in term of antioxidant 

defence against pesticides-induced oxidative stress. The present results are important 

for understanding the response mechanism of plants to pesticides stress. Further 

studies at molecular level are recommended for further in depth understanding of 

pesticides-induced phytotoxicity in crops like tomato. Furthermore, studies are needed 

to evaluate the oxidative stress-inducing mechanisms of these pesticides in tomato so 

that their adverse effects in host crops can be minimized in future. 
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CHAPTER 4 

ASSESSING THE ANATOMICAL ALTERATIONS/CHANGES IN TOMATO 

(Lycopersicum esculentum L.) EXPOSED TO PESTICIDES 

ABSTRACT 

To protect crops against pathogens, the use of synthetic pesticides, remains a common 

practice around the globe and the trend is continuously on the rise. A wide range of 

agrochemicals are produces annually and their excessive use has severe impacts on 

non-target crops. The phytotoxic impacts of commonly used pesticides on anatomical 

aspects in non-target host plants have received relatively little attention. Devastating 

insects affects the quantity and quality of crops manifolds, thus reducing the yield 

considerably. The excessive use of synthetic pesticides not only contaminates the 

environment but also causes phytotoxic impacts on non-target plants. Tomato 

(Solanum lycopersicum L.) is an important crop, but its yield is often compromised 

due to pest attacks. In the present study, the effects of commonly used pesticides i.e. 

emamectin benzoate, alpha-cypermethrin and imidacloprid were evaluated in order to 

identify the anatomical changes at microscopic level in the treated tomato samples 

and untreated control. During this investigation the diameter of tomato shoots and 

roots, stomatal indices, length and width of stem and root cortical cells and xylem and 

phloem cells were determined using scanning electron microscopy (SEM). Obtained 

results indicated that application of pesticides reduced the stomatal index especially in 

samples exposed to higher levels of pesticides compared to untreated control. A 
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significant decrease in the length and width of stomatal guard’s cells and epidermal 

cells were observed in the treated samples. Roots showed more sensitivity to pesticide 

stress than stem. Statistical analysis revealed that in pesticides treated tomato 

seedlings, a significant reduction occurred in shoot and root diameters. Moreover, the 

length and width of epidermal and cortical cells as well as dimeters of xylem and 

phloem’s cells were affected significantly in the roots only. Taken together, results of 

this study suggested that exposure of tomato seedlings to pesticides above the 

recommended doses affected the morpho-anatomical features as evident by reduction 

in stomatal number, low stomatal index, reduced length and width of epidermal cells 

in leaves, stems and roots. 

4.1 INTRODUCTION 

Losses in the yield of crops due to pest attacks contributes a major threat to the 

worldwide food security [168, 169]. Recent developments in the plant protection 

practices resulted in increased crops production by protecting them against pest.  A 

wide range of pesticides have been introduced aimed to protect crops against pests 

and has become a common measure [3]. Pesticides are poisons that not only affect the 

pests but also harm non-target environment [7, 38]. The global annual consumption of 

pesticides is estimated as 4.6 million tons, however very small proportion i.e. less 

than 0.1% of applied pesticides reaches the target sites. The remaining portion is 

always lost to the non-target organisms and soil, thereby polluting the environment 

[39, 40]. In Pakistan, application of pesticides is estimated as 70,000 tons annually 
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and this amount increased gradually every year at the rate of 6% [66]. Although 

farmers assume pesticides as sole mean to protects their crops and is also labor-saving 

technique, they mainly rely on the recommendation of the untrained dealers who often 

devise pesticide doses well over recommended concentrations [61, 62]. Pesticides are 

basically diverse group of chemical substances used throughout the world for crops 

protection, however, their extensive use in agriculture, home gardens and in public 

areas has led to the pollution of soil, water and air [170, 171]. Use of these 

agrochemicals developed adaptation and resistance in the pests, prompting farmers to 

use more toxic chemical compounds in more concentrated form for control measure. 

Among different groups of chemical pesticides, pyrethroids, abamectin and 

neonicotinoids are frequently used by farmer for the protection of crops [4]. The 

overall impact of intensive insecticides usage on the health of human beings, 

ecosystems, and the environment are of great interest. Pesticides application causes 

demolition of the vital biochemical process in plant cells and leads to decline of 

micro-fauna and flora of soil and water [4, 54].  

Tomato (Solanum lycopersicum) is an important crop with 120 million metric tons of 

global annual production and Pakistan produces 433,128 tons annually [66-68] . In 

recent years, with the increase in population, the use of tomato has increased 

manifolds in various food products. However, in Pakistan tomato yield is 

continuously on the decline due to various factors including pest attacks [69, 70].  
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Pesticides can also cause regular or sporadic damage to established vegetation within 

the vicinity of agricultural lands as they readily absorb, translocate and penetrate, 

resulting in deformities in the morphology and anatomy of exposed plants  [4, 41, 44, 

172, 173]. Crops exposed to pesticides are treated as non-target plants and any direct 

or indirect effects, causes alterations in the survival, health, reproduction and other 

plant community attributes. A number of published work suggests that excessive 

pesticide usage cause phytotoxicity in the exposed plants by affecting the 

photosynthetic and antioxidant activities as in cucumber and tomato [4, 45], 

reproduction in potato [46], pollen growth [47, 48], and vegetative growth in soybean 

[59], and morphological and physiological developments in Zea mays [50]. Chemical 

pesticides can also cause damages to plants cell membranes, alter the proteins 

structure and induces genotoxicity [174-176]. Residue problems in the food chain also 

caused by the over application of pesticides in agriculture sector thus affecting human 

[177, 178].  

Present investigation is the continuation of our previous studies mainly focused on the 

detrimental effects of pesticide overdoses commonly used in Pakistan including 

emamectin benzoate, alpha-cypermethrin and imidacloprid [4]. Our previous studies 

indicated that excessive use of pesticides adversely effected physiological and 

biochemical traits and a gradual decline in the biomasses and photosynthetic pigments 

observed in tomato [4]. Furthermore, recent findings have shown that overdoses of 

pesticides posed oxidative stress which intern induced the activation of antioxidant 
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enzymes in tomato [5]. However, activities of pesticides against non-target plant 

morphological and anatomical features have not been well documented. In this 

context, analysis of the morpho-anatomical features could facilitate the interpretation 

of the toxicity mechanism at deeper level in order to fully understand the effects of 

pesticides on host crops.  

Present study is based on the hypothesis that excessive dosages of pesticides might 

cause alteration in the internal root and shoot structures in tomato seedlings. For this 

purpose, analysis at microscopic level was carried out for the assessment of pesticide 

induced alteration in the morpho-anatomical features in response of pesticides like 

emamectin, alpha-cypermethrin and imidacloprid, in tomato. The current undertaking 

will provide an insight into the phytotoxicity in term of morpho-anatomical changes 

in response to pesticides exposure, which in turn can be useful in the development of 

alternative strategies for plant protection as well as strategies to minimize the 

application of these toxic pesticides.  

4.2 MATERIALS AND METHODS 

4.2.1 Plant culture and experimental design 

Seeds of a viable commercial tomato variety (BSS-30) were obtained from authorized 

seeds dealer in District Bannu, Khyber Pakhtunkhwa, Pakistan. Uniform-sized seeds 

of tomato were selected as standard test plant and used in the experiment. In the 

present investigation three commonly used pesticides (insecticides) i.e. emamectin 

benzoate, alpha-cypermethrin and imidacloprid were selected and used. Alpha-
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cypermethrin belongs to the class of pyrethroids while imidacloprid and emamectin 

belong to the neonicotinoids and abamectin groups of pesticides, respectively. These 

are broad spectrum insecticides, affecting the nerve impulses in the insects. 

Emamectin possesses systemic mode of action with avermectin as active ingredient 

which causes paralysis in the insects by activating chloride channels in nerves cells. 

Alpha-cypermethrin is a pyrethroid with non-systemic contact mode of action which 

modulates the sodium channels causing hyper-excitation in nerves accompanied with 

stomach action. The imidacloprid is a systemic insecticide containing neonicotinoids 

which mimics the agonist action of acetylcholine and cause hyperexcitation in the 

nervous system of exposed insects. 

Five concentrations of each pesticides (¼X, ½X, recommended, 2X and 4X) were 

used and the concentration of each treatment is given in Table 2.1. Sodium 

hypochlorite solution of 10% used for sterilization of seeds for 10 min and thoroughly 

washed three times with distilled water, sown in 6 cm plastic pots filled with sterilized 

sand. Experiments were conducted under the growth chamber with suitable conditions 

for tomato growth (photoperiod 12-h, temperature 27±2°C, relative humidity was 

60±5% and intensity of the light was 160 μmol m-2 s-1) for 35 days. Seedlings were 

further provided with the nutrient Hoagland solution with two days interval to meet 

the nutritional requirements of seedlings. Pesticides application was done in the form 

of foliar spray and after 35 days, the seedlings/plants were harvested for subsequent 

anatomical evaluation. 
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4.2.2 Anatomical evaluation  

Cross-sections of the seedlings stem and root were obtained using the hand sectioning 

procedure and sliding microtome. For determination of leaves, shoots and roots 

internal structures the method of Vardar [179] was adopted. Simply, thin plant 

sections were cleared by using sodium hypochlorite while stained with 1% carmin 

added in 50% ethanol and with methyl green of 1% solution as well as mounted in 

gelatin. Different cross sections ware obtained but thin, clear and good representative 

section were selected for anatomical study. Sections were examined with the light 

microscope (Labomed America Inc.) using a 10X and 40X object lenses with 7X 

ocular lens. Images of the examined sections were captured with the help of computer 

fixed camera (Labo America Inc. Jinoptik®). For determination of stomatal density, 

both surfaces of the leaves epidermis were studied by stripping the leaves epidermis 

and expressed as number of stomata per microscopic field. For the measurement of 

stomatal index, the numbers of stomata (s) and epidermal cells (e) for each 

microscopic field were counted and was calculated by using the formula [s / (e + 

s)][180] ×100, as defined by Meidner and Mansfield [181]. Size of cells in the stems, 

roots and leaves were measured of each microscopic filed using ocular micrometer.  

4.2.3 Ultra-structural evaluation through scanning electron microscopy (SEM) 

For stomatal ultrastructure evaluation, samples of tomato seedlings obtained after 35 

days of pesticide treatment were air dried for 24 hrs. Scanning electron microscopy 

(SEM) was performed in centralized resource laboratory (CRL), Peshawar University, 
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Pakistan. A SEM of model JSM5910 (JEOL, Japan) was used having specification of 

acceleration voltages (30 kV), maximum magnification was 300,000X and maximum 

resolving power was 2.3 nm. Simply, pieces of leaves of size 3 to 10 mm were cut out 

and were sealed with glue for observation of the leaf surfaces. 

4.2.3 Statistical analysis 

The design of all the conducted experiments was randomized, and all the treatments 

were in triplicates manner. For statistical analysis, one-way analysis of variance 

(ANOVA) was performed of all the experimental data obtained during the present 

investigation. The average of triplicates and significant difference among the 

treatments were measured with least significant difference (LSD) as post hoc test by 

using the student statistic software and data were expressed as means ± S.D and 

considered to be significant if the P ≤ 0.05. 

4.3 RESULTS 

4.3.1 Anatomical responses of leaves to pesticides  

The effect of three commonly used pesticides (emamectin, cypermethrin and 

imidacloprid) on leaf anatomy was evaluated by analyzing various attributes.  

Following pesticides treatment, the leaf epidermis exhibited lower stomata guard cell 

counts as compared to untreated control (Table 4.2). Stomatal index for untreated 

control was 29.53% while pesticides treatment enhanced the index significantly i.e. 

38.85% 39.13% in ¼X and ½X, respectively. Moreover, at higher levels of 

emamectin i.e. application of 2X and 4X doses reduced the stomatal index 
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significantly with values of 22.13% and 18.67%, respectively.  Application of 

cypermethrin caused significant decrease in the stomatal index only at 4X 

concentration with value of 16.33% while the remaining concentrations enhanced the 

index or no significant effect was observed. Imidacloprid reduced the index 

significantly only at lower concentrations ¼X, ½X and recommended (X) in the range 

of 20.53%, 20.14% and 20.94%, respectively. However, upon exposure to 2X and 4X 

doses, imidacloprid did not caused significant reduction in the stomatal index of 

tomato seedlings (Table 4.2).  

 

Fig. 4.1. Overall effects of different concentrations of pesticides on tomato growth. 

Uppermost first row related to emamectin, middle row to cypermethrin and lower last 

row related to imidacloprid. 

  The analysis of stomatal guard cell length and width indicated that among different 

treatments of used pesticides, only samples exposed to recommended dose of 

imidacloprid showed a significant decrease in the length (21.66 µm) and width (17.00 

µm) of guard cell as compared with control (28.33 µm and 22.00 µm respectively).  
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Fig. 4.2 Pesticides effects on stomatal index; SEM Control (A & a), 4X emamectin (B 

& b), 4X cypermethrin (C & c) and 4X imidacloprid (D & d); the scale is 5 um, 

lower row shows Light microscopy. 

Table 4.1 Effects of pesticides on root anatomy; Letters indicates ANOVA for  

               significant difference (p ≤ 0.05) as compared to the control. 

 

The epidermal cell length was significantly reduced to 30.33 µm in the samples 

exposed to recommended dose of imidacloprid as compared to untreated control 

where the length was 53.33 µm. Similarly, the width in the control sample was 40 µm. 

Moreover, epidermal cell width measuring 29.66 µm was observed in ¼ X and 33.66 
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µm in ½ X of emamectin, 28.00 µm in recommended and 29.66 µm in 4X dose of 

imidacloprid (Table 4.2). 

4.3.2 Anatomical responses of stem to pesticides  

The data presented in this investigation showed significant reduction in diameter of 

shoot as well as length and width of cells in cortex in samples exposed to higher doses 

of pesticides. However, vascular tissues (xylem vessels and phloem’s sieve elements) 

did not showed any significant variation between untreated control and pesticides 

treated samples. In control treatment, the diameter of stem was recorded as 2.5 mm 

while it decreased to 1.7 mm and 1.6 mm in 2X and 4X doses of emamectin, 

respectively.  

Table 4.3 Effects of pesticides on stem anatomy. Letters indicates ANOVA for 

significant difference (p ≤ 0.05) as compared to the control 
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Similarly, ½X, recommended and 4x of cypermethrin and all applied doses of 

imidacloprid caused reduction in the diameter of stem in tomato. The minimum 

diameter of 1.23 mm was observed in the tomato seedling exposed to both 2X and 4X 

doses of imidacloprid. Similar trend was observed in the width of cortical cells in 

which significant reduction in length was observed in samples exposed to 4X dose of 

emamectin and ½X and recommended doses of imidacloprid (Table 4.3). The 

diameter of vascular tissues including vessel members and sieve element did not show 

any significant decrease in pesticide treated tomato as compared with untreated 

control. However, at some levels, pesticides application resulted in the increase of 

diameter in the xylem vessels and in phloem fiber cells. The data collected clearly 

showed a significant reduction in diameter of shoot axis while xylem and phloem 

tissues enhanced at lower levels, but no significant decrease was observed even in the 

samples exposed to higher concentrations of pesticides (Table 4.3). 

4.3.3 Anatomical responses of root to pesticides  

The response of roots to pesticides stress was found more prominent than that of stem. 

In the cross-sections of the root of pesticide-treated tomato plants, reduction was 

observed in the diameter, length and width of epidermal and cortical cells. The 

analysis showed that imidacloprid at all pesticide concentrations while emamectin and 

cypermethrin at recommended, 2X and 4X doses decreased the cell diameter 

significantly (Table 4.4). Highest decrease (1.06 mm) in the diameter of root was 

observed in tomato seedlings exposed to 4X concentration of imidacloprid as 
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compared with untreated control (2.13 mm).  Similar trend was observed in overall 

length of epidermal cells.  Upon exposure to high pesticides doses cell length 

decreased significantly. Interestingly no significant variation in the epidermal cell 

width was noticed in treated samples except at 4X dose of emamectin. Light 

micrographs analysis revealed that cortical cell length and width were affected 

significantly when tomato seedlings were subjected to recommended, 2X and 4X 

doses of emamectin and imidacloprid. Cypermethrin treated samples displayed no 

significant change in cell length and width as compared with untreated control. 

Maximum reduction in the length (110 µm) and width (110 µm) of cortex was 

observed in the samples exposed to 4X dose of imidacloprid compared with untreated 

control (length = 193.33 µm and width = 167.67 µm). Similarly, pesticides treatment 

at higher doses produced reduction in diameter of the conducting cells of xylem and 

phloem compared to the control (Table 4.4). Recommended, 2X and 4X doses of all 

the three pesticides caused a significant reduction in the diameters of both xylem and 

phloem cells. Again, at 4X dose of imidacloprid significant reduction in xylem cell 

diameter was observed (15 µm) compared to the control (29.66 µm). In the case of 

phloem both the cypermethrin and imidacloprid at 4X concentrations resulted in 

significantly reduced phloem diameter i.e. 11 µm as compared to 19.66 µm in 

untreated control. In summary, the analysis showed that as compared to shoot tissues, 

root was the most vulnerable tissue in tomato seedlings exposed to higher 

concentrations of pesticides. 
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Table 4.4. Effects of pesticides on root anatomy; Letters indicates ANOVA for 

significant difference (p ≤ 0.05) as compared to the control. 

4.4 DISCUSSION 

The production of chemical pesticides has increased tremendously during the last few 

decades resulting in the production of wide range of toxic pesticides with different 

formulations. Pesticides are used in a broad range for the protection of crops from 

detrimental effects of pests in order to obtain better yields. However, their excessive 

application often leads to phytotoxicity in crops and also affects other biota [4, 95, 

133]. It has already been investigated that synthetic pesticides induce damages in 

nontarget plants by affecting the growth and photosynthetic activities in Glycine max 

L. [182], Vigna unguiculata L. [183] and tomato [4]. Similarly, insecticides 

application may lead to delay of seed germination and decline of growth in rice [184].  

During present investigation, the effects of three commonly pesticides at five different 

dosages were assessed on the anatomical attributes of tomato seedlings (Table 4.2, 4.3 
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and 4.4, Fig. 4.1 and 4.2). Effects of different doses of pesticides on leaves were 

evaluated by analyzing the stomatal index, length and width of stomatal guard cells, 

length and width of epidermal cells as end points. Present results indicated that 

increase in the concentrations of pesticides, decreases the stomatal index. However, 

imidacloprid application at lower level showed more prominent effect as compared to 

higher concentrations. Similarly, length and width of stomatal guard cell and 

epidermal cell showed significant reduction only at recommended doses of 

imidacloprid. Our results favored the findings of Kilic et al. [50] as they investigated 

that increasing doses of chlorantraniliprole (CAP) insecticide decreased the density of 

stomata in comparison to untreated control. The decrease was more prominent when 

CAP was applied at 0.5 ppm concentration. Moreover, CAP application also 

decreased the length and width of stomata guard cells. Application of Captan 

fungicide also resulted in a decrease in stomatal index of pepper leaves (Capsicum 

annuum L) at high concentrations [185]. Öztürk [186] suggested that reduction in the 

stoma index in leaves of plants upon exposure to pesticides stress may affect other 

physiological processes such as photosynthesis and respiration. Our previous study 

also revealed a decline in the growth and photosynthetic activity in tomato seedling 

exposed to different doses of pesticides [4]. Similarly, Cali [187] also demonstrated 

that stomatal index was decreased significantly in tomato seedlings when exposed to 

higher concentration (400 g/ 100 L) of fosetyl-Al fungicide stress. Stomata plays 

pivotal role in the exchange of gases (CO2 and O2) for active photosynthetic activities, 
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however, biotic and abiotic environmental stresses cause negative changes in stomatal 

responses [188]. Likewise, the negative responses of stomata decline the process of 

photosynthesis in plants exposed to stressful conditions [189]. Present results depicted 

that pesticides application caused tremendous reduction in the stem diameter as well 

as length and width of epidermal cell in stem while vascular tissues were not affected 

significantly (Table 4.3). In published work that evaluated the effect of pesticides 

(Attribut and surfactant BioPower) in wheat stem anatomy stated that increased levels 

of pesticide causes phototoxicity which disrupt the anatomical features in stem of 

exposed plants [190]. Similar findings have also been reported by Shakir et al. [4] 

demonstrating that pesticides application at high levels, affect the overall growth of 

plants.  

In the current study, the root was the more effected part of tomato when subjected to 

pesticide stress. Distortion occurred in diameter, length and width of the epidermal, 

cortical and vascular tissues cells of tomato roots with application of pesticides. 

Moreover, the effects were dose dependent i.e. increase pesticides doses resulted in a 

subsequent decrease in the aforementioned parameters (Table 4.3). It is well 

established that when expose to pesticides, plants exhibit negative responses and 

decline occurs in the overall growth and development [4]. Furthermore, the results 

obtained during the present investigation are similar to those obtained by Yilmaz and 

Dane [191]. They suggested that application of pesticides (Attribut and surfactant 
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BioPower) caused decrease in the root anatomical measurements as well as lignin 

level in the roots.  

The fact that pesticides application in higher concentration causes sever phytotoxicity 

in term of distortions in the internal structures of plants exposed to them, it is 

suggested, that before application of pesticides for agriculture purposes, their effects 

should be tested on plants and other non-target organisms. Moreover, pesticides may 

cause potential toxicity in intentionally exposed farmers as well as common people 

through consumption of contaminated food with pesticide residues. The investigations 

conducted in this study encourages further research to determine the impacts of 

excessive pesticide application on environment and overall biota. 

4.5 CONCLUSION  

Observations obtained during the present study clearly indicated that application of 

pesticides in high concentrations exerted negative impacts on overall plant anatomical 

features. Moreover, pesticides’ application in excessive concentrations caused 

disruption in leaves, stem and root internal structures. The detrimental impacts of the 

pesticides were also found dose dependent and toxicity was increased at higher 

concentrations in tomato seedlings resulting in reduced cell sizes ultimately affecting 

their functions. Present data revealed that the reduced level of stomatal index was 

observed in the samples treated with high doses of pesticides compared to untreated 

control. The other attributes like, length and width of stomatal cell and epidermal cell 

were also negatively affected. Plant stem diameter showed sensitivity to pesticides 
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tress while other features were not affected. Root was observed as more sensitive part 

of tomato plants and anatomical modifications were observed in the treated samples.
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CHAPTER 5 

QUALITATIVE ASSESSMENT OF PESTICIDE INDUCED GENOTOXICITY 

IN TOMATO (Solanum lycopersicum L.) SEEDLINGS USING RAPD AND 

SDS-PAGE ANALYSIS 

ABSTRACT 

Pesticides not only provide protection to plants, but their toxic nature may cause 

abiotic stresses to non-target host plants leading to the oxidative damage of DNA and 

proteins. Assessment of genotoxins induced DNA damage and alteration in the 

protein profiles are important end points in eco-genotoxicology. The present study 

was designed to explore the genotoxic effects of three commonly used pesticides, 

emamectin benzoate, alpha-cypermethrin and imidacloprid, on tomato. The extent of 

DNA damage and changes in the protein profiles induced by these pesticides at five 

different concentrations i.e. ¼X, ½X, recommended (X), 2X and 4X in tomato 

seedlings were evaluated. Following pesticide exposure for 35 days, the DNA damage 

and changes in the protein profiles were assessed through RAPD and SDS-PAGE, 

respectively. For the RAPD analyses, 14 RAPD primers were used to generate 

polymorphic band profiles of untreated and treated tomato seedlings. Analysis of the 

data revealed that pesticide application at higher concentrations significantly altered 

the proteins and DNA banding patterns. Samples treated with higher doses of 

pesticides exhibited distinctive polymorphisms based on size, appearance and 

disappearance of DNA and polypeptide bands as compared with un-treated control. 
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Polymorphisms and genomic DNA template stability (GTS) which is a qualitative 

measure of DNA banding patterns compared with control RAPD profiles, revealed 

that higher doses of pesticides have genotoxic potential. Among the pesticides 

concentrations, 4X and 2X doses of imidacloprid and 4X dose of both emamectin and 

cypermethrin resulted in the disappearance of polypeptide bands. In addition, a 

dendrogram constructed using cluster analysis based on genetic similarity coefficients, 

grouped the treatments in different branches indicating that samples exposed to higher 

doses clustered separately. Taking the data together it can be concluded that 

alterations in DNA and protein profiles based on RAPD and SDS-PAGE analysis, 

respectively offer a useful biomarker assay for the analysis of genotoxic impacts of 

higher pesticide doses on plants. 

5.1 INTRODUCTION 

Pest attack reduces crop yield by affecting plant growth, reproduction and survival [2]. 

Losses in the yield of crops due to pest’s attacks and different diseases contributes a 

major threat to worldwide food security [168, 169]. Recent developments in the plant 

protection practices, including greater use of pesticides and herbicides, resulted in 

increased crop production [3]. The estimated global annual consumption of pesticides 

is 4.6 million tons, of which only 1% is effective while remaining is spilt to non-target 

environment including biotic and abiotic components [39]. Although, chemical 

pesticides are important xenobiotics however, extensive and unregulated application 

of pesticides has resulted in serious environmental hazards including poisoning in 
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wide range of biota [42-44]. In order to control the pest attacks, farmers use 

unregulated and excessive doses of chemical pesticides which although effectively 

control infestation in crops but cause cellular toxicity in non-target host plants. 

Extensive use of chemical pesticides causes demolition of vital biochemical process 

in plant cells and leads to decline of micro-fauna and flora of soil and water [4, 54]. 

Overdoses of chemical pesticides can cause damages to plants cell membranes, alter 

the proteins structure and induce genotoxicity [174-176]  . Previous studies showed 

that application of pesticides affect the photosynthetic and antioxidant activities in 

cucumber and tomato [4, 45] and negatively impacts morphological and physiological 

development in Zea mays [50]. Similarly, pesticides application also affects flowering 

duration and reduces pollen viability in potato and soybean [46-48, 59].  

In Pakistan, application of pesticides is estimated at 70,000 tons annually and this 

amount increased gradually every year with the rate of 6% [66]. Although, farmers 

assume pesticides as sole mean to protect their crops and is also labor-saving 

technique, they mainly rely on the recommendation of the untrained dealers who often 

devise pesticide doses well over recommended concentrations [61, 62]. For this 

reason, the unsafe and excessive use of pesticides by the untrained farmers has 

emerged as a potential risk to soil and plant health [4, 63-65].  

Tomato (Solanum lycopersicum) is an important crop with 120 million metric tons of 

annual global production while in Pakistan its production is estimated as 433,128 tons 

annually [66-68]. In Pakistan, tomato yield is continuously on decline due to various 
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factors including pest attacks [69, 70]. Previous studies have indicated the adverse 

effects of pesticides overdoses and a gradual decline in biomasses and photosynthetic 

pigments in tomato [4]. Fungicides have been shown to adversely impact pollen 

morphology and anatomy in tomato [47]. In addition, various studies suggest increase 

in antioxidant activities in response to higher concentrations of pesticides such as 

chloropyrifos, malathion, bavistin and calixin [149].  

Genotoxicity referred as any damage in the genetic materials of higher organisms, 

with resulting serious consequences. It comprises the induction of DNA damage and 

other related genetic changes in the DNA base-pairs and in chromosomal structure. 

Clearly, the excessive and indiscriminate use of xenobiotic that causes changes at 

cellular and molecular level is of major concern. Several studies have reported the use 

of molecular techniques such as isozyme analysis, proteins and DNA markers and 

comet assays for the evaluation of genotoxicity in plants [192]. Few advance and 

sensitive assays used to analyze the variations at DNA sequence level for genotoxicity 

determinations are; restriction fragment length polymorphisms (RFLP), quantitative 

trait locus (QTL), random amplified polymorphic DNAs (RAPDs), amplified 

fragment length polymorphisms (AFLP), simple sequence repeats (SSR) and variable 

number tandem repeat (VNTR) of DNA analysis. Among these, random amplified 

polymorphic DNA-RAPD assay has become an increasingly popular tool in genetic 

studies due its simple use. RAPD-PCR based assay, developed by Williams et al. 

[193]. Welsh and McClelland [194], compares the variations in the intensity and 
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appearance or disappearance of DNA bands to identify DNA damages [195-197]. 

RAPD technique clearly shows the effect of toxicants on DNA by comparing the 

RAPD profiles DNA fingerprints obtained from exposed and unexposed plant to 

geno-toxicants [196, 198-200]. Alteration in the protein profiles as a result of any 

change in the genetic materials may also be attributed to genotoxicity. 

Characterization and isolation of stress related proteins have now become an authentic 

assay in biomolecular studies [201-203]. Stress induced modification in the protein 

profile may involve the induction of some polypeptides and the down regulation of 

some proteins or overexpression of other set of proteins [204, 205]. In plants treated 

with different toxicants, the alteration in the protein profile can be used as a good 

indicator for the assessment of modifications in the gene expression [203, 206]. For 

this purpose, sodium dodecyl sulfate-polyacrylamide gel-electrophoresis (SDS-PAGE) 

technique is used for the determination of plant proteins through separation based on 

molecular weights.  

The present study is a continuation of our previous published work, with the main 

focus on the deleterious effects of excessive use of the pesticides commonly used in 

Pakistan (emamectin benzoate, alpha-cypermethrin and imidacloprid) [4]. In our 

previous study, pesticides have been shown to affect the physiological and 

biochemical traits in tomato [4]. Present study is based on the hypothesis that 

excessive doses of pesticides might cause genotoxicity and alteration in the protein 

polypeptides pattern in the exposed tomato seedlings. Therefore, concerted efforts 
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have been made to assess changes in the DNA and protein profiles induced by higher 

concentrations of three commonly used pesticides, emamectin, alpha-cypermethrin 

and imidacloprid using RAPD markers and SDS-PAGE assay, respectively. Present 

study will provide an insight into the potential phytotoxicity of these pesticides in 

term of DNA damage and alteration in the protein profiles, which in turn can be 

useful in the development of alternative strategies for plant protection as well as 

strategies to minimize the application of these toxic pesticides. These molecular 

approaches in tomato can be used as endpoints to evaluate the ecotoxicological and 

deleterious effects of insecticides in the agroecosystem.   

5.2. MATERIALS AND METHODS 

5.2.1 Pesticides doses and application 

Five different doses of commonly used pesticides including emamectin benzoate, 

alpha-cypermethrin and imidacloprid used were applied to tomato seedlings. Five 

different concentrations of these pesticides used were; recommended dose (X), two 

times higher (2X), four times higher (4X), half (½X) and quarter (¼X) of the 

recommended doses. In the case of emamectin, the applied concentrations were; 10, 

20, 40, 80 and 160 mg/L, for cypermethrin these were 30, 60, 125, 250 and 500 mg/L 

while in the case of imidacloprid the used concentrations were; 125, 250, 500, 1000 

and 2000 mg/L, respectively (Table 2.1). All the used treatments of pesticides were 

applied in form of spray on seedlings foliage at weekly intervals. 
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5.2.2 Plant material and growth conditions 

Locally grown variety (BSS-30) of tomato (Solanum lycopersicum) was obtained 

from a certified seed dealer in Bannu city, Khyber Pakhtunkhwa, Pakistan. Seeds 

were surface sterilized with 80% (v/v) ethanol for 5 min and washed repeatedly with 

sterile distilled water. A total of ten seeds were placed with appropriate distance in 

each plastic pot. For germination, seeds were placed in sterilized plastic pots 

containing sterilized sand and kept in the dark at 25°C for 5 days and thereafter a 

photoperiod of 16/08 h light/dark with light intensity of 500 mol/m2/s was provided in 

growth chamber maintained at temperature of 27±2°C and 60% humidity. Each 

treatment was sprayed with 5 mL of the respective pesticide solution with 7 days 

interval. Hoagland’s solution was added for nutritional requirement of the 

experimental plants. Each experiment was repeated three times with three replicates. 

After 35 days, the experiment was harvested and the samples were ground with 

mortar and pestle using liquid nitrogen for further analysis of DNA damage and 

protein quantification. 

5.2.3 Genotoxicity evaluation through RAPD  

Different selective and sensitive PCR based assay for DNA analysis have been 

employed to assess the geno-toxicity of toxicants. Assessment of geno-toxicants 

induced DNA damage is an important endpoint and DNA alterations detected by 

RAPD analysis offered a useful biomarker assay for the evaluation of different 

genotoxic stresses. 
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5.2.4 DNA extraction 

Samples for DNA extraction were collected from treated and untreated tomato plants 

exposed to different doses of pesticides and extraction was accomplished by using the 

method of Doyle and Doyle [207] with minor modifications. For this purpose, fresh 

tomato samples were ground to fine powder in liquid nitrogen and homogenized with 

hand roller by the addition of 1 mL of CTAB buffer containing 2% 

hexadecyltrimethyl-ammonium bromide, 100 mMTris–HCl, (pH 8.0), 20 mM EDTA 

(pH 8.0), 1.4 M NaCl, 1% PVP-40 and 0.5% 2-mercaptoethanol. Homogenate of 1.7 

mL was transferred to 1.5 mL Eppendorf tubes and kept at 65oC for 30 min. About 

0.75 mL solution of chloroform and iso-amyl alcohol with ratio of 24:1 was added 

and inverted the tubes 5 times followed by centrifugation at 10,000 rpm for 10 min. A 

volume of 550 uL of the supernatant of each sample was transferred to new tubes and 

mixed with 2/3 volume of ice chilled isopropanol, inverting the tubes for 10 to 15 

times followed by centrifugation at 12,000 for 10 min and incubation at 4oC for 10 

min. The supernatant was discarded and pellets of nucleic acid were washed with 200 

uL of 70% ethanol and left at room temperature in a sterile laminar flow hood for 30 

min to dry. The dried pellets were then resuspended in 50 uL TE buffer (10 mM Tris–

HCl pH 8.0 and 1 mM EDTA pH 8.0) and 1 µL of RNase-A was further added for the 

removal of RNAs. The DNA samples was then stored at -20oC.  
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5.2.5 DNA quantification and quality check 

DNA quantification was performed by using the nanophotometer (P-Class, Implen, 

USA) calibrated at zero and 1 µL of each sample DNA was dropped and measured at 

the ratio of 280/260 nm. Quality of DNA was analyzed by running 3 µL of each DNA 

sample with dye on 1% agarose gel prepared in 1X TBE (Tris/borate/EDTA) buffer. 

Bromophenol blue (3 µL) was added as dye in each parental sample of DNA.  

5.2.6 DNA amplification using RAPD primers 

About 20 ng of parental DNA was diluted in 1 µL of d3H2O, 2 uL of prepared master 

mix, 10X PCR buffer containing (NH4)2SO4, MgCl2, dNTPs (dATP, dCTP, dGTP, 

dTTP and further Taq DNA polymerase, 0.6 uL of random primer (10 mers) and 6.4 

uL d3H2O were added and optimized for RAPD analysis [193].  

Out of twenty-five 10-mer oligonucleotide primers screened genome for changes in 

tomato, only 14 primers generated specific and stable amplification and their 

nucleotides sequence are listed in the Table 1. The Taq polymerase in the consisting 

of buffer, MgCl2, dNTPs and gelatin were purchased from Fermentas while the 

master mixture (5x FIREPol® Master Mix Ready to Load with 12.5 mM MgCl2) was 

purchased from Solis Biodyne. For PCR amplification, 2 uL of each plant sample was 

mixed with 6.5 µL of d3H2O, 2 µL of 10X PCR buffer, 4.0 µL dNTPs (10pmol), 3.8 

µL MgCl2 (25 mM), 3.5 µL of primer (10pmol), 2.5 µL of gelatin and 0.2 µL (1U) of 

Taq polymerase in PCR tubes. Amplification reactions of DNA were performed in a 

thermal cycler PCR (Thermal Cycler, BIOERTM, China). In the thermal cycler, DNA 
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become denatured at 94°C for separation of double strands and the RAPD primers 

were annealed to their complementary sequences on both strands of DNA at 37°C 

whereas at 72°C, the DNA polymerase extends the synthetic DNA chain by adding 

nucleotides to the 3/ -OH end of a primer. Moreover, PCR reaction was setup as 

follows; the denaturation temperature of 95 ºC was kept for 5 minutes (initial 

denaturation) followed by 35 cycles consisting 95ºC for 30 s, annealing temperature 

of 37ºC for 30 s and extension at 72 ºC for 4 minutes. After completion of 30 PCR 

cycles, final extension/ elongation temperature of 72 ºC was provided for 10 min. The 

PCR products were stored at 4ºC for further analysis.  

Table 5.1. Sequence of 14 Primers used for RAPD analysis 

No. Primer 

Codes 

Sequence 5’ to 3’ No. Primer 

Codes 

Sequence 5’ to 3’ 

1 OPA-10 GTG ATC GCA G 8 OPO-20 ACA CAC GCT G 

2 OPA-2 TGC CGA GCT G 9 OPA-16 TCT CCG CCC T 

3 OPO-15 TGG CGT CCT T 10 OPC-01 TTC GAG CCA G 

4 OPA-03 AGT CAG CCA C 11 OPD-02 GGA CCC AAC C 

5 OPA-04 AAT CGG GCT G 12 OPA-08 GTG ACG TAG G 

6 OPO-12 CAG TGC TGT G 13 OPB-07 GGT GAC GCA G 

7 OPL-19 GAG TGG TGA C 14 OPC-08 GTC CCG ACG A 

 

5.2.7 Agarose gel electrophoresis for the analysis of RAPD PCR products 

Agarose gels of 2% were prepared by dissolving 1.6 g agarose in 80 mL of TBE 

buffer using microwave oven. The hot liquid gel was cooled to 60 ºC and 

supplemented with 3.0 µL of ethidium bromide (EtBr) solution (10ng of EtBr/100mL 

of TBE). The gel solution was poured in gel tray, with combs placed and kept at room 

temperature for gel solidification. After about 30 min, the gel was placed into a gel 
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caster of horizontal agarose gel apparatus containing TBE (Tris/Boric Acid/EDTA) 

buffer having pH 8.0. The wells in gel formed by the comb were kept towards cathode 

of the apparatus. To separate the DNA fragments as per their size, 10 µL of PCR 

product containing 2 µL loading dye (bromophenol blue) was loaded each well. 

Moreover, 100bp DNA ladder was run complementary to PCR products in a separate 

well for band size comparison. The gel was run at 80 volts for 30 minutes. The DNA 

fragments were visualized under UV light using UV trans illuminator (BioDoc 

Analyzer, Biometra, Germany). The size and number of DNA fragments were 

determined by comparing with a standard DNA ladder. Clearly reproducible DNA 

fragments with size more than 50 bp were used for bands scoring. The gel images 

were saved for RAPD marker data generation and further analysis.  

5.2.8 Analysis of RAPD profiles  

All visible and unambiguously scorable fragments amplified by the primers were 

determined as total scorable fragments. The alterations in the amplification of RAPD 

fragments treated were based on disappearance (+) and appearance (-) of bands in 

comparison with each other and control [208]. The numerical analysis of band pattern 

was carried out for each sample exposed to pesticide stress in comparison with 

banding pattern of control sample via hierarchical cluster analysis. Dendrogram of the 

clusters was generated with application of linked group method through Numerical 

Taxonomy and Multivariate Analysis System (NTSYS-pc2.11X) software statistic 

program with the SAHN module [209].  
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5.2.9 Estimation of Genomic template stability and Polymorphism 

Genomic template stability (GTS %) was determined by using the following formula 

prescribed by Erturk et al. (2015). 

     GTS % = (1– a/n) × 100 

Where “a” is the average number of polymorphic bands detected in each pesticide 

treatment and “n” is the total number of scored bands in untreated control. 

Polymorphism in RAPD profiles included total disappeared bands and new appeared 

bands with compared to untreated control. The average GTS % was calculated for 

each pesticide treatment exposed to different pesticide doses and sensitivity of each 

treated sample was determined as change of the value with compared to untreated 

control viz. 100%.  Polymorphism observed in RAPD profile includes disappearance 

of a normal band and appearance of a new band in comparison with the control profile 

[210]. 

5.2.10 Protein profiling by SDS-PAGE (Sodium dodecyl sulfate polyacrylamide 

gel electrophoresis)  

SDS-PAGE was used to determine the molecular weight of the protein extracted from 

plants exposed to higher concentrations of pesticides. For this purpose, method of 

Laemmli [211] was followed to determine total crude proteins by simply crushing the 

plant materials of 0.5 g to fine powder. From which 30 mg was added to 400 uL of 

protein extraction buffer consisting of Tris HCL 0.5 M (pH 8), 2.5% SDS, 10% 

Glycerol, 5% 2- merceaptoethanol and protease inhibitor (cocktail) and homogenized 
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in 1.5 mL of Eppendorf tubes. The samples were kept at 65 oC in water bath for 2 hrs. 

and centrifuged at 13000 rpm for 10 minutes. Supernatant from each sample was 

transferred to another tube and stored at 4oC. To uncoil the poly peptides by breaking 

di-sulfide bridge, the protein extracts were kept at 90oC for 5 min before 

electrophoresis. The process of electrophoresis was accomplished by using two types 

of gels i.e. 12% of resolving gel and 4% of stacking gel (Table 5.2).  Gel 

electrophoresis was performed for 2 h at 120 V using Standard Twin Mini Gel Unit 

(USA). The gel was stained with Coomassie brilliant blue R-250 (Sigma) was used 

for 20 min and distained with solution of 20% methanol and 5% acetic acid for 

overnight. The bands produced were scored and their molecular weights were 

compared to the standard protein molecular weight marker (Benchmark Protein 

Ladder 10 – 220 KDa). Variation in the SDS-PAGE gel was evaluated in terms of the 

positions, intensity and the number of bands in the protein profiles. The procedure 

was repeated three times to obtained reproducible and consistent bands in the protein 

profiles. 

Table. 5.2. Composition of the resolving and stacking gel for electrophoreses. 

Resolving Gel (12%) Stacking Gel (4%) 

1.5 M Tris pH 6.8-------------   2.5 mL 0.5 M Tris pH 6.8-------------1.25 mL 

H2O------------------------------  3.43 mL H2O------------------------------3 mL 

30% Acrylamide---------------  4 mL  30% Acrylamide---------------0.7 mL 

10% SDS----------------------- -60 uL 10% APS------------------------25 uL 

10% APS------------------------ 60 uL TEMED--------------------------7 uL 

TEMED--------------------------12.5 uL  
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5.3 RESULTS 

To examine the toxicity of pesticides at molecular level, two methods were employed 

i.e. SDS-PAGE analysis to determine the changes in protein patterns and RAPD PCR 

analysis to evaluate DNA damage in the pesticide treated samples 

5.3.1 Pesticides application caused DNA damage  

In the current study, the extent of DNA damage was determined in tomato seedlings 

exposed to chemical pesticides by evaluating changes in their RAPD profiles. Out of 

twenty-five RAPD oligonucleotides used, fourteen of them were selected for 

reproducible stable results and generated a total of 62 PCR amplicons in the range of 

180 – 1500 bp. Each primer produced 2-8 bands with an average of 4.4 bands per 

primer in the control seedlings. RAPD profiles of the pesticides treated samples 

exhibited variations in the banding patterns as compared with control. Alterations in 

the RAPD patterns included disappearance of normal bands and/or appearance of new 

polymorphic bands. Table 3 presents the summary of all the polymorphic bands in 

RAPD profile. Gel Images of four representative primers are given in Fig. 5.1. 

The use of primer OPA-2 generated RAPD profiles that displayed differences in 

comparison to control in terms of disappearance of normal bands and/or appearance 

of new polymorphic DNA fragments (Table 5.3 and Fig. 5.1). On the contrary, primer 

OPL-19 resulted in modification of a few RAPD DNA amplification products (OPL-

19). Samples exposed to emamectin exhibited loss of a total of 115normal bands with 

an average of 23 in each concentration. In addition, 32 new bands appeared with an 
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average of 6.5 in each treatment (¼X, ½X, Recommended, 2X and 4X). Similarly, 

RAPD profiles of cypermethrin resulted in the disappearance of 128 bands with an 

average of 25.2 in each of five treatments and 45 new appeared bands with an average 

of 9 bands in each treatment. Samples treated with imidacloprid showed 118 

disappearances (23.6 average) while 32 new bands appeared with an average of 6.2 in 

each treatment (Table 5.3). Analysis of polymorphic bands revealed variations among 

the pesticides, treatments and primers. In the case of all the 14 primers used, a gradual 

increase in the average percentage polymorphisms was observed with the gradual 

increase in the pesticide doses. In samples treated with emamectin doses i.e. ¼X, ½X, 

Recommended, 2 and 4X resulted in polymorphism as 31.1%, 34.4%, 34.7%, 46.4% 

and 42%, respectively. Furthermore, polymorphism percentage of 31.5%, 54.1%, 42%, 

33.4% and 54.1% were observed in cypermethrin. Interestingly, imidacloprid treated 

samples showed polymorphism of DNA fragments with values of 38.6%, 58%, 18.7%, 

45.6% and 35.3%, respectively (Table 5.4). Polymorphism occurred as disappearance 

or appearance of bands in the pesticides treated seedlings compared to the untreated 

control. Genomic template stability (GTS %) is qualitative assessment representing 

alterations in the RAPD DNA banding patterns with comparison to the control which 

was assumed 100 as presented in Table 5.5.  
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Fig. 5.1. RAPD-PCR gel images of 4 representative primers out of 14. L (DNA   

lader), C (control), first five concentrations of emamectin followed by cypermethrin 

and imidacloprid 
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Table 5.3. Analysis of genotoxicity; Disappearance of bands in comparison to control 

(-) and appearance of extra bands (+)  

 

 

In the case of emamectin treated samples, average GTS values exhibited dose 

dependent trend where increasing doses of pesticides resulted in a gradual decrease of 

GTS values in the exposed plant samples. However, lowest GTS (2.75%) was 

observed in the sample treated with recommended dose of cypermethrin while highest 

value of GTS (67.6%) was observed in the recommended dose of imidacloprid. 

Overall, it was observed that average GTS values decreased markedly with an 

increase in the doses of pesticides (Table 5.5). 
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Table 5.4. Polymorphism (%) in the genome of tomato seedlings exposed to different 

concentrations of pesticides with reference to control.  

 

 

 

 

Table 5.5. Alteration in the values of genomic template stability (GTS %) of all used 

primers in tomato seedlings subjected with different concentrations of commonly used 

pesticides with compared to control (100%). 
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Table 5.6. Jaccard’s coefficient of similarity matrix for RAPD data for pesticides 

treated variants of tomato. 

 

Fig. 5.2. Dendrogram using the UPGMA based on DNA polymorphism among 

seedlings of tomato exposed to untreated control and different concentrations of 

emamectin, cypermethrin and imidacloprid pesticides in tomato. 

5.3.2 Pesticides altered the protein profiling in exposed plants 

Changes in proteins extracted from tomato seedlings exposed to different doses of 

commonly used pesticides measured through SDS-PAGE analysis are summarized in 

the Table 5.7. Electrophoretic banding patterns of proteins revealed alterations in the 
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samples exposed to different doses of pesticides. It was observed that some protein 

bands disappeared or changed from major to minor in samples exposed to pesticides 

doses compared to the untreated control. The total number of scorable protein bands 

in control samples were 16, consisting of major (13) and minor bands (3) in the range 

of 10 to 170 KDa. The least number of bands i.e. 8, 8 and 6 were observed in sample 

exposed to 4X concentrations of emamectin, cypermethrin and imidacloprid, 

respectively (Table 5.7 and Fig. 5.3). Similarly, most of the major bands of untreated 

control were turned to minor in the pesticide treated samples. However, ¼X and 2X 

doses of emamectin resulted in the similar polypeptide banding patterns as observed 

in the untreated control. Furthermore, pesticides emamectin at ½X concentration 

resulted in the complete disappearance of protein band with molecular weight of 170 

KDa and protein of 130 KDa was turned to minor with application of recommended 

doses. In the case of cypermethrin, ¼X concentration showed similar pattern as 

observed in control while ½X, recommended and 2X doses resulted in the loss of 170 

KDa protein band. The 4X dose of cypermethrin application resulted in the 

disappearance of 5 polypeptide bands i.e.  15, 35, 50, 130 and 170 KDa. Response of 

tomato crude protein to imidacloprid pesticide was severe and most of the 

polypeptides (15, 35, 50, 130 and 170 KDa) disappeared in samples exposed to higher 

doses (Table 5.7).  Furthermore, ½X and recommended doses of imidacloprid, caused 

alterations in the major band of 130 KDa and changed to minor by decreasing the 

density of the polypeptides.  
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Table 5.7 Protein profiling; Disappearance/appearance of major/minor protein bands 

with molecular weight (KDa) as compared to control. 

 

 

Fig. 5.3 (A-C). SDS-PAGE based Protein Gel; Disappearance/ appearance of 

major/minor protein bands with m.wt. (KDa) as compared to control. Emamectin (A), 

Cypermethrin (B) and Imidacloprid (D). 
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Similarly, 2X and 4X doses of imidacloprid showed disappearance of 5 and 7 bands, 

respectively. The obtained results revealed in the disappearance of normal 

polypeptide bands and/or alteration of major bands to minor clearly depicted a direct 

effect of pesticides on tomato total extracted crude proteins (Table 5.7 and Fig. 5.3). 

5.4 DISCUSSION 

Plants subjected to different stresses including disturbances in the abiotic environment 

such as pesticide exposure can cause considerable decrease in growth, induce nutrient 

imbalances and pose oxidative stress in the exposed plants [4, 212]. Despite intensive 

research over the past several decades, which has improved our understanding of 

plant's response to different abiotic stresses, studies exploring the molecular basis of 

pesticide induced genotoxicity and alteration of protein profiles in tomato seedlings 

are rarely found. In the current investigation, an effort has been made to evaluate the 

effects of pesticides on molecular level in tomato seedlings exposed to different 

pesticide concentrations (¼X, ½X, recommended, 2X and 4X). For this purpose, 

genotoxicity was assessed through PCR based RAPD assay and sodium dodecyl 

sulfate-polyacrylamide gel-electrophoresis (SDS-PAGE) technique was used to 

determine the protein profiles in tomato samples exposed to different concentrations 

(¼X, ½X, recommended, 2X and 4X) of commonly used chemical pesticides 

(emamectin benzoate, alpha-cypermethrin and imidacloprid). 
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5.4.1 Genotoxicity based on RAPD-PCR technique 

RAPD assay has been successfully applied to determine DNA damages and mutations 

in plants exposed to abiotic stresses [196, 199, 200]. It is a useful assay to detect 

genomic instability manifested as errors in DNA such as point mutations, genetic and 

chromosomal rearrangements, deletion and insertions of chromosomal segments [200]. 

Furthermore, this technique has been widely used to assess the eco-toxicological 

attributes of organisms due to its reliable, sensitive, and reproducible properties to 

detect a wide range of DNA damage. RAPD assay has been employed for 

genotoxicity assessment induced by cadmium, copper, lead and pesticides [200, 213, 

214]. Consideration of differences in the band intensity, disappearance and/or 

appearance of RAPD bands, polymorphisms, genomic template stability and the 

phenetic numerical analysis are the important parameters in the RAPD essay [215]. In 

the present study, the genotoxic effects of pesticides on tomato seedlings was 

evaluated by elucidating the DNA alterations in pesticide treated and untreated plant 

(Tables 5.3–5.6 and Fig. 5.1 and 5.2). According to the analysis pesticide treatments 

exhibited distinctive qualitative and quantitative modifications in the RAPD profiles 

based on number of PCR products, the amplified DNA sizes, their intensities, and 

appearance or disappearance of DNA bands that leads to generation of high levels 

DNA polymorphism. Any change in the RAPD “fingerprints” in samples exposed to 

pesticides stress depends on number of gene products, the amplified DNA sizes, 

intensities, and disappearance or appearance of DNA bands produced by the selected 
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primers. The occurrence of any damage in the DNA and mutations in the primer 

binding site will make the DNA banding profiles different from the undamaged 

control. RAPD profiles generated by samples exposed to pesticides differed from 

those obtained from control DNA. The investigation further revealed that normal 

bands present in untreated control gradually disappeared in samples subjected to 

increasing concentrations of pesticides (Table 5.3). Most of normal bands obtained 

from amplification of the 14 primers disappeared in samples exposed to imidacloprid 

(2X and 4X) and cypermethrin (4X).  Appearance of new bands in exposed seedling 

suggests that exposure to high doses of pesticides caused mutations on genomic level 

and thus act as markers for appraisal of the pesticides toxicity. Furthermore, 

disappeared normal bands were more in number than new appeared bands in treated 

samples and is believed to be related with the events like DNA damage, point 

mutations and/or complex chromosomal rearrangements which are normally induced 

by geno-toxicants in plants [210, 215]. These events can also be linked to DNA 

damage due to breakage in the single or double strands, altered bases, abasic sites, 

oxidized bases, bulky adducts, protein-DNA crossed link, mutation in point or 

complex chromosomal rearrangements [215]. In accordance with these fact, it can be 

assuming that pesticides exposure has direct impact on DNA damage detected. The 

new bands could also be attributed to mutations while the disappeared bands could be 

attributed to DNA damage suggesting that Taq DNA polymerase when come across a 

DNA adduct, could possibly encounter blockage, bypass and the possible 
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disintegration of complex formed by enzymes and adduct thereby causing changes in 

RAPD profiles [196]. Moreover, new PCR amplification products that occurred in the 

treated samples may reveal a possible change in oligonucleotide priming sites due to 

mutations, large deletions and homologous recombination [210]. Reason for variation 

of the DNA band intensity could be due pesticides oxidative DNA damage and DNA-

protein cross-links might block Taq polymerase processing which can lead to the 

decrease in the intensity of some specific RAPD bands. However, alterations in the 

DNA increase the pairing potential of primers with DNA templates which may be a 

possible explanation for the increased intensity of some RAPD bands [216]. Similar 

to our findings, study reported by Atienzar et al. [210], Liu et al. [200] and Cenkci et 

al. [214] also stated that exposure of organism to high doses of pesticides bring 

modifications in DNA sequence which can easily be detected by RAPD.  

The DNA polymorphisms detected by RAPD-PCR can be considered as a powerful 

biomarker assay for detection of the genotoxicity related to pesticides as reported in 

the literature [196]. It was observed that percentage polymorphism increased in 

tomato seedling with increasing doses of tested pesticides (Table 4). The genomic 

template stability also decreased gradually in the samples exposed to increasing 

concentration of pesticides (Table 5.6). These results are in agreement with the 

findings of Zhou et al. [217] who demonstrated a concentration dependent 

relationship between the DNA alterations and doses of geno-toxicants. Studies of 

Zhou et al. [217] and Bozari et al. [218] also suggested that GTS is a sensitive 
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parameter that reflects changes in the RAPD profiles induced by toxicants. In this 

context, present results are in consistent with the above-mentioned findings 

suggesting the gradual increase in polymorphisms and decrease in GTS in tomato 

exposed to different pesticides in a dose dependent manner. The formulation of 

dendrogram using RAPD data is another most authentic way of numerical evaluation 

which shows the relationship and comparison among treated and untreated samples 

[195]. Cited literature shows that abiotic stresses induce variations in the RAPD 

profiles based on appearance and disappearance of polymorphic bands [214]. Similar 

to our findings, reports in the literature also confirm the fact that heavy metal induced 

genotoxicity and genetic instability in crop plants such as bean and wheat is 

manifested in the form of disappearance of normal DNA bands [219]. Based on the 

phenetic numerical analysis, the dendrogram constructed based on UPGMA analysis 

of RAPD data is one of the most effective methods in numerical computation and it 

can show the relationships between samples [195]. In the present study, the estimated 

genetic similarity coefficients for pesticides treatments were lower compared with the 

control which was assumed one. These lower values suggested gradual damage in 

DNA and was increased with an increase in the concentrations of pesticide. Cluster 

analysis revealed that the tomato seedlings exposed to higher concentration of 

presides formed distinct clusters.  
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5.4.2 SDS-PAGE Analysis  

Proteins are important molecules involved in most of cellular processes and are 

directly influenced by any alterations at the post-translational stage.  Their role under 

certain environmental conditions can be best studied through direct protein analysis 

rather than genomic studies.  In plants, excessive use of chemical pesticides may 

exhibit a range of cellular responses including mobilization of certain stress related 

molecules such as phytochelatins and stress proteins for toxicants detoxification and 

for an enhancement in plants tolerance. The SDS-PAGE analysis provides 

information related to the genetic structures and regulatory mechanisms that regulates 

the biosynthesis pathways of particular proteins. Response of plants to stresses by 

modulating the gene expression which further facilitates the restoration of internal 

homeostasis, detoxification of toxicants and growth recovery accomplished by the 

production of stress proteins [220]. In the current study SDS-PAGE analysis revealed 

distinctive qualitative and quantitative alterations in the protein patterns. Differences 

were observed in polypeptide band numbers, intensities and appearance or 

disappearance of polypeptide bands in untreated and pesticide treated samples.  

According to the analysis of 1-D gel image of total crude proteins some major bands 

that were present in the untreated control either disappeared or changed to minor in 

the pesticide treated samples (Table 5.7; Fig. 5.3). A literature search suggests that 

polypeptide band in SDS-PAGE analysis, shows the final product of transcriptional 

and translational processes regulated by specific genes [221]. In the present 
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investigation disappearance of some polypeptide bands could be attributed to loss in 

the genetic material while alterations in the band intensity to gene duplication or point 

mutations which ultimately leads to the generation of shorter and longer polypeptide 

chains [222]. Results also revealed that protein profiles of control and treated samples 

were different adding weight to the already established fact that overdoses of 

pesticides mediate alterations in the protein profiles. Among the tested pesticides, 

most of the protein bands disappeared in the profiles obtained from imidacloprid 

treated samples at all tested levels. Moreover, higher doses of all the tested pesticides 

resulted in a marked decrease in the intensities of protein bands in comparison with 

untreated control. It can be reasoned that the manufacturer recommended dose of 

imidacloprid was higher compared to cypermethrin and emamectin. The 

disappearances of bands can also be attributed to the systemic nature of imidacloprid.  

In addition, the decreases in the number of polypeptide bands in the present 

investigation could be due to the inhibitory effects of pesticide stress on 

transcriptional processes. Other researchers elucidated that the disappearance of 

polypeptides was due to their denaturation upon exposure to stresses [223]. 

Furthermore, the decrease in the synthesis of proteins, activation of hydrolyzing 

enzymes in the cells, reduced amino acid level or denaturing of enzymes related to 

synthesis of amino acid and polypeptides could change in the number and the 

intensities of protein bands [224].  
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Beside plants, other organisms such as blue green algae when exposed to pesticides 

stress may exhibit changes in the protein banding patterns [225]. Pollutants in the 

aquatic environment also causes changes in the protein banding patterns in plants 

upon exposure to polluted water during irrigation [165]. In a similar study, Parida et al. 

[226] suggested that high level of environmental stresses decrease the intensity of 

several protein bands in exposed plants. According to Win and Oo [227], some 

stresses like salinity may induce extra polypeptide bands in the exposed samples in 

comparison with un-treated control. In addition, any changes in the nucleotide 

sequence results in the production of different amino acids or variant in the proteins 

which in turn code for alterations in the morphological, anatomical and physiological 

characteristics of the organism [228]. 

5.5 CONCLUSION 

The findings presented in this article conclude that tomato seedlings upon exposure to 

different concentrations of three commonly used pesticides exhibit wide range of 

modifications both in DNA and protein banding patterns. Genotoxicity induced by the 

overdoses of pesticides the alterations in the RAPD-DNA profiles and banding 

patterns of the crude extracted proteins. Considering all the data of the present 

investigation, it can be concluded that pesticide are genotoxic chemicals inducing 

marked alteration in the genomic DNA as shown in the RAPD profiles and SDS-

PAGE based polypeptide pattern in the exposed tomato seedlings. Among the 

pesticides, 4X and 2X doses of imidacloprid and 4X dose of cypermethrin caused 
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severe DNA damage causing disappearance of DNA bands evident in the DNA 

profiles generated by all the applied primers. Furthermore, polymorphisms and GTS 

analysis also adds weight to the fact that higher doses of pesticides have genotoxic 

potential. Changes in polypeptides band patterns including disappearance of bands 

and decrease in the intensity of protein bands in pesticide treated samples followed a 

dose dependent manner. Finally, it seems reasonable to conclude that protein and 

DNA biomarkers could be used for the reliable estimation of genotoxicity following 

the exposure of economic crops to overdosing and intensive application of pesticides. 

The present findings are important for understanding the response mechanism of 

plants to pesticides stress. Further investigation will be encouraged for better 

understanding the mechanisms that alter gene expression. This can be achieved when 

the proteins participating in the pesticide mediated polypeptide changes are identified. 

Further characterization of these proteins might help in identification of exact genetic 

domains responsible for pesticide stress related alterations. The DNA polymorphism 

detected by RAPD profiles and SDS-PAGE could be used as an investigation tool for 

environmental toxicology assessment as well as a valuable biomarker assay. Findings 

of this study can be a useful resource to understand responses of tomato crop to 

chemical pesticides that will in turn help in improving the production of tomato and 

other crops. Similarly, the information provided can further be exploited in ways 

through which pesticides overdoses in agriculture can effectively be controlled and 

monitored.
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CHAPTER 6 

                                                       CONCLUSIONS 

Observations obtained during the present study clearly indicated that pesticides 

application above the recommended dose can adversely affect tomato growth. At higher 

doses, all the tested pesticides caused toxic effects on tomato growth and photosynthetic 

contents. Overdoses of pesticides also induced phytotoxicity by causing oxidative stress 

and production of ROS which in turn caused increased lipid peroxidation (as revealed by 

TBARS content) and electrolyte leakage and hence impairing cell viability. Pesticides at 

higher concentration caused a reduction in protein and sugar contents. To reduce the 

detrimental impacts of pesticide-induced oxidative stress, the activities of different 

antioxidants (SOD, POD, GR, CAT, APX and proline) were observed. Among the tested 

pesticides, imidacloprid caused maximum oxidative stress as revealed by different 

oxidative stress markers used in this study. Shoot tissues were more responsive than root 

in term of antioxidant defence against pesticides-induced oxidative stress. Similarly, 

pesticides in high concentrations exerted negative impacts on overall plant anatomical 

features by causing disruption in leaves, stem and root internal structures. Toxicity of 

pesticides was increased at higher concentrations in tomato seedlings resulting in reduced 

cell sizes ultimately affecting their functions. Reduced level of stomatal index was 

observed in the samples treated with high doses of pesticides compared to untreated 

control. The other attributes like, length and width of stomatal cell and epidermal cell 

were also negatively affected. Plant stem diameter showed sensitivity to pesticides tress 
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while other features were not affected. Root was observed as more sensitive part of tomato 

plants and anatomical modifications were observed in the treated samples. 

Genetic studies also revealed that exposure to pesticides exhibit wide range of 

modifications both in DNA and protein banding patterns. Genotoxicity induced by the 

overdoses of pesticides resulted alterations in the RAPD-DNA profiles and banding 

patterns of the crude extracted proteins. Among the pesticides, 4X and 2X doses of 

imidacloprid and 4X dose of cypermethrin caused severe DNA damage causing 

disappearance of DNA bands evident in the DNA profiles generated by all the applied 

primers. Furthermore, polymorphisms and GTS analysis also adds weight to the fact that 

higher doses of pesticides have genotoxic potential. Changes in polypeptides band patterns 

including disappearance of bands and decrease in the intensity of protein bands in 

pesticide treated samples followed a dose dependent manner.  

The present findings are important for understanding the response mechanism of plants to 

pesticides stress. Further investigation will be encouraged for better understanding the 

mechanisms that alter gene expression. This can be achieved when the proteins 

participating in the pesticide mediated polypeptide changes are identified. Further 

characterization of these proteins might help in identification of exact genetic domains 

responsible for pesticide stress related alterations. The DNA polymorphism detected by 

RAPD profiles and SDS-PAGE could be used as an investigation tool for environmental 

toxicology assessment as well as a valuable biomarker assay. 
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Findings of this study can be a useful resource to understand responses of tomato crop to 

chemical pesticides that will in turn help in improving the production of tomato and other 

crops. Similarly, the information provided can further be exploited in ways through which 

pesticides overdoses in agriculture can effectively be controlled and monitored. The 

application of pesticides above the recommended dose should be discouraged. There is a 

need to educate pesticide dealers and farmers about the proper and optimal applications of 

pesticides. 
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