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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 four commonly used pesticides (ema-
mectin benzoate, alpha-cypermethrin, lambda-cyhalothrin
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 pes-
ticides 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 ECs, values for different
parameters revealed the lowest ECs, values for emamectin
(ranged as 51-181 mg/L) followed by alpha-cypermethrin
(191.74-374.39), lambda-cyhalothrin (102.43-354.28) and
imidacloprid (430.29-1979.66 mg/L). A comparison of the
obtained ECsq values for different parameters of tomato
with the recommended doses revealed that over application
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of these pesticides can be harmful to tomato crop. In a few
cases these pesticides were found toxic even at the rec-
ommended doses. However, a field based study in this
regard should be conducted to further verify these results.
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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 dis-
semination of pathogens (Yardim and Edwards 2003). The
traditional practices including resistant varieties may fail to
provide desired level of diseases and pest control. Conse-
quently, pest eradication by chemical pesticides is a com-
mon measure to protect crops against pests (Siddiqui and
Ahmed 2006). Different classes of pesticides like insecti-
cides, herbicides, fungicides, rodenticides, molluscicides
and nematicides are used to control different types of pests.
According to Zhang et al. (2011), 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
(Idrovo 2000; CEPIS/PAHO 2005).

The use of chemical pesticides has reduced crop losses
caused by pests, but their intensive and large-scale appli-
cation caused diverse adverse effects on the environment
(Carvalho 2006; Haq et al. 2008; Akhtar et al. 2009). The
toxicity of pesticides does not remain restricted to the
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target organisms only but can also affect non-target organ-
isms in the environment (Dobsikova 2003; Rachid et al.
2008). The indiscriminate and unskillful use of pesticides
affects the growth of plant and animal, increases pest resis-
tant to pesticides, accumulates residue in fruits and vegeta-
bles, causes biodiversity losses and declines natural habitats
(Baig et al. 2012). Pesticides application can also lead to
demolition of micro-fauna and flora of soil and water (Ed-
wards 1986; Martinez et al. 2015). Cardone (2015) 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
(Lee-Fook-Choy and Seeneevassen 1998). Pesticides can
interfere with various processes in plants like cell growth,
photosynthesis, respiration, biosynthetic reactions, and
molecular composition (DeLorenzo et al. 2001). These elu-
sive 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 (Spiers et al. 2008). 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 (Mitra et al.
2011). A few studies exist which investigated the effect of
high dosage of pesticides on different parameters of plants
such as pollen performance (Cali and Candan 2009; Tort
et al. 2005), reproduction in potato (Rio et al. 2012), pho-
tosynthesis and enzyme activities in cucumber (Xia et al.
2006), growth in soybean (Aksoy et al. 2013) and mor-
phology and physiology in maize (Kilic et al. 2015).

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
scientific basis that support their effectiveness against tar-
get pests and minimize the effect on the environment and
human health (Glover-Amengor and Tetteh 2008). In
contrast, the use of pesticide in most of the developing
countries is solely based on the recommendation of man-
ufacturer 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 (Glover-Amengor and Tetteh 2008). 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 pes-
ticides unwisely in two or three times higher concentration
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than the recommended dose (Ecobichon 2001; Asogwa and
Dongo 2009).

Like other parts of the world, large quantities of different
pesticides are used in Pakistan. According to an estimate,
about 70,000 tons of pesticides are used in Pakistan annu-
ally and this quantity is continuously increasing with an
annual rate of about 6 % (WWF 2007). As each crop is
susceptible to attack by more than one type of pests, it is
usually treated with several pesticides. In Pakistan, pesti-
cides are often used indiscriminately and in excess amount
(Khan 2004; Khan et al. 2012; Sheikh et al. 2013). The
pesticide dealers always recommend pesticides in excessive
dose because they are more interested in earning their profit
rather than guiding the farmers properly (Rehman 1994).

Tomato (Lycopersicon esculentum) is a major horticul-
tural crop with an estimated global production of over 120
million metric tons (FAO 2007) and has a high economic
value worldwide. In Pakistan, tomato is the second major
growing crop among vegetables (Mirza 2007). 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 to a quantum of
5692 tons of tomato and earned 77 million PKR (Khokhar
2013). 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. (Chohan and Ahmad 2008). In Pakistan the yield
of tomato is lower as compared to developed countries
because of various factors including pests attack as a major
factor (Shakoor et al. 2010). 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 four commonly used pesticides
in Pakistan (emamectin, alpha-ypermethrin, imidacloprid
and lambda-cyhalothrin) on seed germination, plant vigor
and photosynthetic pigments in tomato.

Materials and methods
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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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.

Pesticides solutions

A total of four pesticides including imidacloprid, ema-
mectin benzoate, alpha-cypermethrin and lambda-cy-
halothrin were used in this study. Alpha-cypermethrin and
lambda-cyhalothrin belong to the group pyrethroids while
imidacloprid and emamectin belong to the neonicotinoids
and abamectin groups 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 and lambda-
cyhalothrin are pyrethroids which modulate the sodium
channels causing hyperexcitation in nerves. The imida-
cloprid 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
(Khooharo et al. 2008; Khan et al. 2011, 2012). 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 intro-
duction section of this manuscript, therefore, the concen-
trations tested for each pesticide were: recommended dose,
two higher and two lower doses than the recommended
dose (Table 1). In this way five concentrations of each
pesticide were tested. Three independent replicates were
tested for every concentration of each pesticide.

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 pmol/m?/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. Germi-
nation percentage was recorded for 13 days at different
intervals while the rest of parameters were determined at
21st day of experiment.

Determination of germination

The germination of seeds was observed at different inter-
vals 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.

Determination of roots and shoots length

After 20 days of growth, seedlings were separated into
roots and shoots and their length was measured in mil-
limeter (mm) with the help of a measuring tape.

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 as described by Bibi et al. (2012).

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

Table 1 Different doses (mg/L) of the four pesticides used in the present experiment

Pesticides used Quarter of the Half of the Recommended Double of the Four times higher
recommended recommended dose recommended than recommended
dose dose dose dose

Emamectin benzoate 10 20 40 80 160

Alpha-cypermethrin 30 60 125 250 500

Lambda-cyhalothrin 15 30 56 120 240

Imidacloprid 125 250 500 1000 2000
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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 spec-
trophotometer at three different wavelengths: 666, 653 and
470 nm. Chlorophyll a, b and total carotenoids were cal-
culated according to the method of Lichtenthaler and
Wellburn (1983) as follow:

C, = 15.65 ODgg—7.340 ODgs3
Cp, = 27.05 ODgs3— 11.21 ODggs
Cric = (1000 OD470—2.860 C,—129.2 Cp) /245

where C,, C, and C,,. represent the concentration of
chlorophyll a, b and total carotenoids, respectively while
OD shows optical density (absorbance) at a given
wavelength.

Statistical analysis

The student ¢ 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 cal-
culation of dose-dependent response (ECsq values), linear
regression methods and the equation Y = mx 4+ ¢ or
Y =mx —c¢ was used where Y = 50 % inhibition,
X = concentration, ¢ = constant and m = coefficient.

Results
Effect of pesticides on seed germination

The effect of different concentrations of the tested pesti-
cides on seed germination in tomato is shown in Fig. la—d.
A significant decrease in germination of seeds was
observed with the increase in concentrations of pesticides
as compared to the control. The concentrations of pesti-
cides below the recommended dose promoted the germi-
nation capacity of seeds except in the case of imidacloprid
where this effect was not significant as compared to the
control. In early days of germination (up to 72 h), the
highest concentrations of alpha-cypermethrin, lambda-cy-
halothrin, imidacloprid and emamectin (500, 240 and 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 concen-
tration and time dependent, i.e. a decrease with increasing
concentration of pesticides was shown but a decrease in
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inhibitory effect was observed with increase in exposure
time. The ECs, values obtained for germination after 312 h
were 90.24, 344.10, 181.28, and 1624.91 mg/L for ema-
mectin benzoate, alpha-cypermethrin, lambda-cyhalothrin
and imidacloprid, respectively (Table 2).

Effect of pesticides on root-shoot length

The response of root and shoot growth in tomato seedlings
was different to different pesticides (Figs. 2 and 3). 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). At
the recommended or lower concentrations, almost all pesti-
cides improved the shoot length but with no significant dif-
ference as compared to the control. The longest shoot was
found in seedlings treated with 60 mg/L of alpha-cyperme-
thrin while the highest inhibition was caused by 500 mg/L of
alpha-cypermethrin. For shoot length, the ECs( values cal-
culated were 89.81, 274.80, 112.92, and 632.76 mg/L for
emamictin benzoate, alpha-cypermethrin, lambda-cy-
halothrin and imidacloprid, respectively. In case of root, the
growth was adversely affected with increasing concentra-
tions of each pesticide (Fig. 2). The most significant inhi-
bition in root length was observed when the seedlings were
subjected to 500 mg/L of alpha-cypermethrin, 120 mg/L
of lambda-cyhalothrin and 2000 mg/L of imidacloprid
(Fig. 2). For root length, the ECsy values of emamictin,
alpha-cypermethrin, lambda-cyhalothrin and imidacloprid
were 106.17,241.79, 136.99 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 ECsy values
(620.63 and 241.78, respectively) were found below their
double doses (Tables 1 and 2).

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. 4 and 5). In
case of root fresh weight, lower concentrations of all the
selected pesticides were found to increase the biomasses
while at higher concentrations tremendous reduction was
observed (Fig. 4). Like its fresh weight, the dry weight of
root was also adversely affected when exposed to high
doses of pesticides (Fig. 5). For the fresh and dry biomass
of shoot, the lowest ECs, values were obtained for ema-
mectin while the highest were obtained for imidacloprid.
Almost similar trend in ECsq values was observed in the
case of fresh and dry weight of root (Table 2). The overall
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Fig. 1 Effect of the pesticides emamectin (a), cypermethrin (b),
lambda-cyhalothrin (¢) and imidacloprid (d) on seed germination in
tomato. Each bar represents the mean value of three independent

results revealed that higher concentrations of pesticides
caused hostile effects on tomato biomass (Figs. 4 and 5).
Among the tested pesticides, imidacloprid can be found
more dangerous to tomato when the recommended dose

replicates and the error bar shows standard deviation. Asterisk (*)
indicates significant difference (p < 0.05) as compared to the control

and obtained ECsq values for biomass are compared. For
example, the ECsy of imidacloprid for root fresh weight
(430.29 mg/L) was below its recommended dose of
500 mg/L.
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Table 2 ECs values (mg/L) of the four pesticides for different parameters of tomato

Emamictin benzoate Cypermethrin Lambda-cyhalothrin Imidacloprid
Chlorophyll a 130.16 343.06 186.13 1576.63
Chlorophyll b 85.24 191.27 188.61 1294.36
Total carotenoids 118.06 374.40 151.74 1565.05
Root fresh weight 181.65 343.06 162.90 430.29
Shoot fresh weight 104.16 357.56 106.50 1979.66
Root dry weight 51.48 297.90 77.68 927.74
Shoot dry weight 80.63 473.08 104.06 626.81
Root length 106.17 241.79 136.99 620.63
Shoot length 89.81 274.80 112.92 632.76
Seed germination (after 312 h) 90.24 344.10 181.28 1624.91
(a) ~#=Shoot Length == Root Length (b) ~#=Shoot Length == Ro0t Length
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Fig. 2 Effect of the pesticides 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.

Effect of pesticides on photosynthetic pigments
The effect of pesticides on chlorophyll a, b and total car-

otenoids was tested in shoot of tomato seedlings. The
adverse effect of the tested pesticides on all pigments was
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Asterisk (*) and hash (#) indicates significant difference (p < 0.05) as
compared to the control

found to increase with the increase in concentration of
pesticides. The photosynthetic pigments were more sus-
ceptible to pesticide stress than other tested end points. At
lower concentrations, no significant change was found in
chlorophyll a content except in the case of alpha-
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Fig. 3 Images representing the
effects of four pesticides i.e.
emamectin (Em), alpha-
cypermethrin (Cy), lambda-
cyhalothrin (Lam) and
imidacloprid (Im) at different
concentrations (mg/L) on the
growth of tomato seedlings

cypermethrin where an increase was observed as compared
to the control (Fig. 6). A significant reduction in chloro-
phyll a was observed in seedlings treated with the recom-
mended or higher concentrations of all the four pesticides
tested. The highest decrease in chlorophyll a content was
observed when seedlings were exposed to 2000 mg/L of
imidacloprid (Fig. 6d). The response of chlorophyll 4 to
pesticides stress showed a similar trend as of chlorophyll
a (Fig. 6). All the pesticides at all doses reduced the con-
centration of chlorophyll b except for lower concentrations
of emamectin which had no significant effect as compared
to the control (Fig. 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
four pesticides showed no significant effect on total car-
otenoids as compared to the control. However, the higher
concentrations (above the recommended doses) of pesti-
cides caused a prominent decrease in total carotenoids

[N

Ema 20 Ema 40 Ema 80 Ema 160

“Ls

60 Cy 125 Cy250 Cy 500

I

?y
Lam 30 Lam 56 Lam 120 Lam 240

Sx

Im 250 Im 500 Im 1000 Im 2000

(Fig. 7). Like other parameters, a variation in ECs( values of
the four pesticides for different pigments was observed with
emamectin giving the lowest and imidacloprid the highest
ECs value for all the three pigments (Table 2). The overall
results of photosynthetic pigments revealed that chlorophyll
b was more susceptible to pesticides stress than chlorophyll
a and total carotenoids as three of the four pesticides
gave lower ECs, values for chlorophyll b as compared
to the other two pigments (Table 2). In the case of chloro-
phyll a and b, the toxicity order of pesticides was found
to be alpha-cypermethrin > imidacloprid > emamectin >
lambda-cyhalothrin (Fig. 6).

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 par-
ticular dose. However, pesticides dealers in developing
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Fig. 4 Effect of the pesticides on shoot and root fresh weight in tomato seedlings. Each bar 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

countries like Pakistan usually recommend higher doses to
farmers than the recommended dose of a pesticide pre-
scribed by the manufacturer (Ecobichon 2001; Asogwa and
Dongo 2009; Rehman 1994). 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 concentrations of pesticides
stimulated seed germination in tomato but higher doses
inhibited it. Similar results were reported by Sammaiah
et al. (2011) 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, Chilli, Pisum, Brassica nigra,
tomato, Typha latofolia and maize (Chahid et al. 2013;
Coskun et al. 2015; Kilic et al. 2015; Moore et al. 1999;
Murthy and Rao 1980; Muthuswamy et al. 1983; Krish-
nasamy and Pandian 1992; Maheswari et al. 1993). It was
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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 ger-
mination 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 dose. The company
recommended dose of imidacloprid is higher than ema-
mectin, 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
weight of shoot and root when exposed to increased pes-
ticide stress. Reduction in biomass production by pesticides
like triadimenole and triticonazole was also observed pre-
viously in wheat (Montfort et al. 1996). They concluded
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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 observed. For example, Picea
sitchensis treated with dimethoate, malathion, primicarb
(Straw et al. 1996) and tomato exposed to abamectin and
cartap at higher doses (Picanco et al. 1998) were negatively
affected. Higher doses of different pesticides have inhibited
the overall plant growth in different plants species as in
soybean (Siddiqui and Ahmed 2006), maize (Coskun et al.
2015; Kilic et al. 2015), tomatoes (Chahid et al. 2013), and
chickpea (Tiyagi et al. 2004).

The changes in photosynthetic pigments of plants are
usually used as a tool for the assessment of stressful con-
ditions (Ashraf and Harris 2013). The analysis of pigments
in the present study showed a decrease in photosynthetic
pigments in tomato with increasing concentration of pes-
ticides. Literature survey reveals that the application
of pesticides like fludioxonil and carbendazim reduced the
chlorophyll and carotenoids contents in Vitis vinifera and
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Nicotiana tabacum, respectively (Garcia et al. 2003; Sal-
adin et al. 2003). Similarly, the application of pyriprixifen
reduced photosynthetic pigments in maize (Coskun et al.
2015), aldicarb, carbufurane, phrate fensulsothion and
fenamiphos in cheackpea (Tiyagi et al. 2004), chlo-
rantraniliprole in maize (Kilic et al. 2015), and difeno-
conazole and tricyclazole in tomato (Shanmugapriya et al.
2013). A systemic fungicide, benomyl, was also reported to
inhibit biosynthesis of pigments in Helianthus annuus
(Ahmed et al. 1983). The impairment of photosynthetic
pigments by pesticides can lead to a reduced photosyn-
thetic efficiency in plants. For example, Xia et al. (2006)
observed significant reduction in the net photosynthetic
rate of cucumber (Cucumis sativus L.) upon exposure to
nine different pesticides. Chauhan et al. (2013) reported
that exposure to pesticide caused several biochemical
changes in potato. The mechanism of photosynthesis is
greatly affected due to inefficient biosynthesis of chloro-
phyll contents that results in appearance of leaf chlorosis
(Mitra and Raghu 1998). In addition to their adverse effects
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Fig. 6 Concentrations of chlorophyll ¢ and b in tomato shoot after
exposure to different concentrations of pesticides. Each bar represents
mean of three independent replicates and the error bar shows standard

on higher plants, pesticides like carbufuran have also
been reported to affect photosynthesis and photosynthetic
pigments in the freshwater flagellate Euglena gracilis
(Azizullah et al. 2011).

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 (2006)
who demonstrated that higher doses of pesticides declined
but lower doses enhanced the growth of soybean. Several
other studies reported similar observations (Montfort et al.
1996; Siddiqui et al. 1997; Siddiqui and Ahmed 2000).
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 differ-
entiation (Akobundu 1987). The presence of pesticides in
soil may also affect take up of essential nutrients by plant
root, which causes nutrients deficiency and retorted growth
(Siddiqui and Ahmed 2006). Functional groups like —OH,
-NH,, —-CO.NH,;, -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 (Misra and Mani 1994).
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Glover-Amengor and Tetteh (2008) 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
(Luscombe et al. 1995; Parween et al. 2011; Yildiztekin
et al. 2015). Recently it has been reported that pesticides
induced growth suppression in plants can be attributed to
the increased electrolyte leakage (Yildiztekin et al. 2015)
as well as to oxidative stress caused by pesticides (Yil-
diztekin et al. 2015). 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 sub-
stances 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 recom-
mended dose). The overall trend of ECsq values showed that
emamectin showed the lowest ECsq and imidacloprid gave
the highest ECs( values for almost all parameters. A general
order of phytotxicity of the tested pesticides for tomato
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Fig. 7 Concentration of total carotenoids in tomato shoot after exposure to pesticides. 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

based on ECs, values can be emamectin < alpha-cyperme-
thrin < lambda-cyhalothrin < imidacloprid. However, the
recommended dose of a pesticide should be taken into
account while considering these ECs, values. For example,
the highest ECs( values (showing lowest toxicity in term of
mg/L) were obtained for imidacloprid but this pesticide
could affected some parameters in tomato even at the rec-
ommended dose as its recommended dose is much higher
than the other tested pesticides. In most of the cases, the
ECsq values were above the recommended dose but well
below the double dose. For example, in case of emamectin
the ECs, obtained for the root and shoot dry weight (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 ECsq values of alpha-cypermethrin for chlorophyll
b and root length were above the recommended dose and
below the double dose. Similarly, in many other cases, the
ECs5( values obtained were below the double dose of pesti-
cides. 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.

Conclusions

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 pes-
ticides 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 applica-
tions of pesticides. The effects of these pesticides on non-
target 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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