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Introduction
lead is an important metallic pollutant released from 
various sources, including industrial and municipal 
wastes, combustion of fuels and use of agrochemicals. 
at high concentrations in soil, it is recognized as a 
severe phytotoxic contaminant (Manomita et al., 2004; 
opeolu et al., 2010). Disruptive changes have often 
been associated with plants exposed to air polluted 
with Pb and other heavy metals, and are considered 
to be indicators of the level of air pollution (Garg & 
Varshney, 1980; alves et al., 2008). 
 Despite the reduction of Pb levels in the atmosphere 
on account of reduced use of Pb containing petrol, soil 
Pb levels have not reduced much. atmospheric Pb is 
immobilized in upper layers of soil profile and is taken 
up by shallow rooted plants. Lead is taken up by the 
roots and translocated to the aerial parts of the plant 
where it disrupts primary and secondary metabolism 
(Mesmar & Jaber, 1991; olivares, 2003). Changes are 
observed in plant growth, root system, leaf function 
and anatomical features in response to lead pollution 
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(Eun et al., 2000; Pourrut et al., 2011). kalat et al. 
(2012) observed that leaves absorb and acquire high 
levels of Pb and that the ability to acquire it differs 
with the age of the plant. Changes in biomass, shoot 
length, leaf area and decline in the productivity have 
been observed in various plants in response to Pb 
contaminated soils (Fragasaova, 2001; Sengar et al., 
2008). 
 leaf function is dependent on the anatomical and 
physiological coordination in the plant system. leaf 
epidermal structures cuticle, epicuticular wax, stomata 
and pubescence contribute to the physiological and 
ecological functioning of the plant (Press, 1999; Tian 
et al., 2012). open stomata provide a passage for water 
efflux by transpiration and affect other physiological 
features of the plant. if stomata are underdeveloped 
physiological processes such as ion transport are also 
affected. Therefore, it is important to understand the 
effect of lead on the leaf and its micromorphological 
features. any effect on these features will be manifested 
in the growth and development of the plant. 
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 Cyamopsis tetragonoloba (l.) Taub. (cluster bean), 
family Fabaceae, is an annual herb. it is used as fodder, 
green legume, or pulse for human consumption and 
as a source of gum (‘Guar gum’) for paper, textile, 
confectionery and pharmaceutical industries. Cluster 
bean is widely cultivated in the states of haryana, 
Punjab and rajasthan, where high concentrations 
of heavy metals, including lead as high as 118-293 
mg/kg may be found in agricultural soil (Krishan 
& Govil; 2004, Chahal et al., 2014). Ground water 
samples in rajasthan contained lead levels above the 
permissible limits (Duggal et al., 2014). The effects 
of some heavy metals have been studied on growth 
and other physiological processes in Cyamopsis 
tetragonoloba (El hassan et al., 2014). however, there 
are no comprehensive studies on effect of the toxic 
heavy metals like lead on leaf micro-morphology and 
epidermal features. The present work was undertaken to 
determine the effect of soil lead on leaf features such 
as epidermis, stomata and trichomes, which control 
various fundamental physiological processes. 

Material and Methods
Plant Material
Seeds of C. tetragonoloba (l.) Taub. var. Pusa naveen 
were procured from national Seed Corporation, Pusa, 
new Delhi, india. Seeds of uniform size were surface 
sterilized with 0.001 M Mercuric chloride (hgCl2) 
for two minutes and then thoroughly washed with 
deionized water.

Experimental Design
The experiment was a randomized block design with 
six treatments of lead nitrate having concentrations of 
50, 100, 200, 400, 600 and 800 μg Pb(NO3)2 per gram 
soil. Pots without the treatment constituted the control 
set. There were five replicates for each treatment. 
Thus, the total number of pots was 35, each of which 
was filled with 6 kg soil. The soil was clayey loam 
at ph 7.2. Six surface-sterilized seeds were sown at 
a uniform distance (6 cm) in each pot. Plants were 
grown in a net house under 12 h light and dark cycle 
(25–28°C) temperature. Plants were regularly watered 
with tap water. leaves were sampled from 40 day old 
plants. Five leaves from each plant from each of the 
five replicates of all the treated concentrations were 
randomly picked and fixed for carrying out scanning 
and electron microscopy. 

Light Microscopy
The structure of stomata and trichomes were studied 
on both leaf surfaces in peel mounts prepared by 
treating with cupric sulphate and hydrochloric acid 
to easily separate both leaf surfaces (ram & nayyar, 
1974). For calculation of the stomatal index (SI), five 
microscopic fields (N = 5) for 20 peels were observed 
under 10 X and 40 X oculars. Stomatal frequency and 
trichome density were calculated by standard formulae 
(Salisbury, 1928). 

Scanning Electron Microscopy (SEM)
For SEM, small strips (2.5 mm2) of the leaf were 
trimmed along the middle portion of leaf blade from 
margin to midrib. The leaf segments were fixed in 5% 
glutaraldehyde and dehydrated in graded ethyl alcohol 
series. after dehydration and critical point drying, the 
leaf segments were mounted on metal stubs fitted in an 
ion sputter for gold coating (Fahn, 1986). observations 
were made with JSM scanning electron microscope 
at university Science instrumentation Centre (uSiC), 
university of Delhi, new Delhi, india.
 Data on Si, stomatal frequency and trichome 
density were analysed to obtain mean and standard 
error (SE) values for each treatment. The t-test was 
applied to assess the significance of differences between 
treatments and controls. . 

Results
The content of Pb in soil influenced the growth of 
plants. Drastic reduction in plant biomass was observed 
at high levels (400 and 600 μg/g soil). Plants were 
short, showed sparse branching, and had chlorotic 
and necrotic leaves. The biomass and the plant height 
decreased by 50% and 42%, respectively in comparison 
to the untreated plants.
 Stomata in cluster bean are anomocytic, anisocytic 
and amphicyclic (Fig. 1 a, B). Stomatal apertures on 
leaves of control plants were open, with smooth inner 
anticlinal walls (Fig. 1a, B), but at concentrations 
higher than 400 μg Pb, the apertures were partially 
or fully closed with thickened inner anticlinal walls 
(Fig. 1C). Structural changes were observed in stomata 
on the upper epidermis of plants treated with 400 or 
800 μg/g Pb (Fig. 1C, D). Stomata were smaller and 
deformed in various ways. abnormal stomata with 
single guard cells were observed in the leaves of plants 
treated with 600 or 800 μg/g Pb (Fig. 1D). Random 
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occurrence of contiguous stomata was also observed. 
There were a few abnormal stomata (2%) in the upper 
surface of leaves of untreated plants; in plants treated 
with 600 μg/g Pb, frequency of abnormality was high 
(20%) and at 800 μg/g it was as high as 43% (Fig. 
2). abnormal stomata were not seen in the abaxial 
(lower) epidermis of leaves of either untreated or 
treated plants. 
 The stomatal index (adaxial surface) was slightly 
higher at 100 and 200 μg/g Pb as compared with 
control, but was significantly higher (15-21%) at 
concentrations of 400-800 μg/g Pb (Table 1). On the 
abaxial epidermis, the effect was pronounced even at 
lower concentrations and was significantly higher (65-
70%) at concentrations of 200-800 μg/g Pb. Stomatal 
frequency was higher at higher concentrations of Pb in 
the soil (Table 2). in leaves of control plants, stomatal 
frequency was 31.7% on the adaxial epidermis and 

33.8% on the abaxial epidermis. Stomatal frequency 
was significantly higher on the adaxial epidermis at 
concentrations of Pb from 100 to 800 μg/g; stomatal 
frequency on the abaxial epidermis was significantly 
affected at concentrations of 400 μg/g and above 
(Table 2). The frequency of abnormal stomata rose 
with increasing concentrations of Pb (Fig. 2).
 Trichomes, present on both surfaces of the leaf, 
were uniformly and densely distributed on both leaf 
surfaces of untreated plants but were sparse in leaves 
at concentrations of Pb of 600 μg and above (Fig. 3 A, 
B). This trend for lower trichome density at higher Pb 
concentrations was not statistically significant (Table 
3).
 Trichomes in leaves of control plants are glandular, 
T-shaped with a one to two-celled stalk and a single-
celled head. The head has a uniform cuticle forming 
dome-shaped projections and covered by a thin layer 

Fig. 1: Effect of lead treatment on stomatal structure seen in leaf peel mount. (A,B) Control showing normal anomocytic, anisocytic 
and amphicyclic stomata with well developed guard cells and large stomatal apertures. (A) Adaxial surface (B) Abaxial surface. 
(C,D) Lead treated plants showing abnormalities on adaxial surface. (C) Closed stoma with thickened inner anticlinal walls in leaf 
of a plant at 600 µg/g Pb. (D) Peel mount from adaxial surface of leaf epidermis of a plant at 800 µg/g Pb in soil showing stoma with 
one guard cell.
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Table 1. Stomatal Index of adaxial and abaxial epidermis of leaves of plants grown at different concentrations of Pb in the soil, 
showing mean and standard error (S.E.) and results of t-test to test the statistical significance of differences between 
control and treatments. 

Pb Concentration
(µg/g of dry soil)

upper Epidermis lower Epidermis

Mean±S.E. t-value Mean ±S.E. t-value

Control 27.00±2.08 – 16.07±4.25 –

50 27.36±1.37 0.25n.s. 19.94±2.59 0.96n.s.

100 26.25±2.48 0.40n.s. 21.57±1.56 0.67n.s.

200 26.92±2.24 0.04n.s. 23.95±1.79 2.96*

400 30.98±1.16 1.18* 24.12±1.96 3.20*

600 31.69±1.10 3.45* 26.53±2.28 2.65*

800 32.85±1.16 4.30** 27.39±1.59 5.21**

SI, stomatal index; n.s., non-significant; *significant at 5% level;**significant at 1% level.
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Concentration of lead in soil (!g/g) Fig. 2: Relative frequencies of abnormal stomata on the adaxial (upper) surface of leaves of plants grown in soil containing different 
concentrations of lead.

Table 2. Stomatal frequency on adaxial and abaxial epidermis from leaves of plants grown in soil with different concentrations 
of Pb, showing mean and standard error (S.E.) and results of t-test to test the statistical significance of differences 
between control and treatments.

Pb Concentration
(µg/g of dry soil)

upper Epidermis lower Epidermis

Mean ±S.E. t-value Mean ±S.E. t-value

Control 31.73±3.08 – 33.88±4.50 –

50 35.24±2.23 1.60n.s. 38.83±4.23 0.26n.s.

100 28.22±2.09 3.03* 35.76±3.78 0.55n.s.

200 41.57±2.14 4.55** 41.78±3.24 0.27n.s.

400 43.20±1.63 5.70** 46.13±3.24 3.81**

600 47.45±1.42 8.06** 49.44±3.76 4.58**

800 48.05±0.82 8.91** 50.52±3.76 5.04**

n.s., non-significant; *significant at 5% level;**significant at 1% level.

Concentration of lead in soil (mg/g)
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of epicuticular wax (Fig. 3 a). however, in trichomes 
of leaves on plants grown in soil with 600-800 μg Pb, 
the cuticle and epicuticular wax layer were disrupted. 
The cuticle was seen to be discontinuous, and the wax 
was aggregated at some places. Wherever the cuticular 
covering was disrupted, pores in the cellulosic wall 
of the trichome head were visible (Fig. 2 C). Broken 
trichomes were also observed in plants at high Pb 
levels. 

Discussion
The present study shows that high lead concentrations in 
soil had a significant impact on the leaf micromorphology. 
Stomata showed higher Si and frequencies, as well as 
abnormalities and permanent closure at higher levels 
of Pb in the soil. These responses are similar to 
those of plants exposed to air pollution -- higher Si, 
stomatal frequency and/or abnormal stomata in taxa 
such as Amaranthus spinosus, Commelina benghalensis, 
Mangifera indica, Syzygium cumini and other tree 
species, and several Fabaceae (Sharma et al., 1984; 
Vijayan & Bedi, 1986; Gostin, 2009 & rai, 2016). 
 The walls around the stomatal aperture are far 
more thickened in stomata of leaves in lead-treated 
plants. The unusual thickening of the inner anticlinal 
walls of guard cells in treated plants seems to keep 
the stomata partially or completely closed, ostensibly 
to reduce water loss. Similar changes in the inner 
anticlinal walls of guard cells have been shown in 
response to Pb pollution (ahmad et al., 2005). it has 

been suggested that permanently closed and abnormal 
stomata curtail gaseous exchange and reduce the impact 
of pollution stress Taylor(1978). however, because 
the present study reveals a response to Pb in the 
soil, this closure response is likely to be something 
other than a direct plastic response to water stress or 
reduction of gas exchange. Metal toxins such as arsenic 
and its metalloids have been found to interfere with 
polymerisation or depolymerisation of actin filaments 
and to alter the shape of guard cells (hwang et al., 
1997; Gupta & Bhatnagar, 2015). it is possible that lead 
has a similar impact on metabolic processes occurring 
during ontogeny of the leaf and differentiation of 
stomata, leading to abnormal stomata.
 normally stomata and trichome meristemoids are 
differentiated at specific distances from each other 
on account of their inhibitory influence or nutritional 
competition among them (Liakopoulos et al., 2006). 
Clustered trichomes in the leaves of Pb-treated plants 
in the present study suggest that such balance is 
disturbed. Trichome density may decrease at higher 
Pb concentrations on account of automobile exhaust 
in many plants because of irregular cell divisions. 
During the leaf development the cell division is altered 
and thus changes are set there in (Verma & Chandra, 
2014).
 Decrease in density and dimensions of trichomes 
in response to elevated lead levels seen in this study 
have also been observed in other plants, e.g., in other 
leguminous species such as Vicia faba and V. radiata, 

Table 3. Trichome density on adaxial and abaxial epidermis from leaves of plants grown in soil with different concentrations of 
Pb, showing mean and standard error (S.E.) and results of t-test to test the statistical significance of differences between 
control and treatments.

Pb Concentration
(µg/g of dry soil)

upper Epidermis lower Epidermis

Mean ±S.E. t-value Mean ±S.E. t-value

Control 7.22±0.09 – 10.69±2.07 –

50 7.20±0.09 0.28n.s. 10.27±0.24 0.35n.s.

100 7.17±0.05 1.00n.s. 9.98±0.19 0.59n.s.

200 7.06±0.05 3.28* 9.80±0.39 0.51n.s.

400 6.77±0.42 1.87n.s. 9.66±3.10 0.47n.s.

600 6.68±0.42 2.25n.s. 8.84±0.43 2.32*

800 6.31±0.40 3.95n.s. 8.11±0.39 1.51n.s.

n.s., non-significant; *significant at 5% level;**significant at 1% level.
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as well as in Sida and Catharanthus, where pollutants 
had a significant impact on density and distribution of 
trichomes and stomata (neelu et al., 2000; Verma & 
Chandra, 2014; hausser, 2014). Such reductions has 
been shown to be due to reduced resource availability 
or interference in vital processes such as photosynthesis, 
protein synthesis and the mitochondrial electron transport 
chain in other systems (Bittel et al., 1974; Barcelo et 
al.; 1988, Kastori et al., 1992; Willekens et al., 1997; 
hauser, 2014). our observations of disrupted cuticle 
on trichomes supports our viewpoint that the epidermal 
cells in treated plants have an impaired metabolic 
system because of which these are unable to develop 
normally. The trichomes seem to be functionless 
because normally the cuticular coverings help to 
retain the secretion of the glandular trichome in a 
sub-cuticular chamber so that it is released only on 
contact with the predators. Combined with decreases 
in density and length of trichome these changes could 
lead to decreased resistance toward insects under lead 
stress.
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Abstract An experiment was carried out to study the effect of various arsenic (As) treatments on growth, essential oil (EO) yield, 
composition of oil and morphology and ultrastructure of glandular trichomes of Ocimum basilicum (sweet basil) an important EO 
yielding plant. As in the form of disodium hydrogen arsenate [Na2HAsO4.7H2O] was added in the soil in the range of 0, 10, 50, 150 
mg/kg As. As stress caused reduction in growth and biomass of shoot system at 50 and 150 mg/kg As. EO yield increased by 3.5-4 
times at 10 and 50 mg/kg As, but decreased significantly by 0.08% at 150 mg/kg As. GC analysis revealed that linalool the main EO 
compound present in the leaves augmented 3 to 4 times under 10-150 mg/kg As as compared to control. Other compounds such as 
1,8-cineol and methyl eugenol decreased with increased As treatments whereas methyl cinnamate was not detected at 50 and 150 
mg/kg As in gas chromatographs. Camphor did not appear in any of the As treated plants. Light microscopic studies and electron 
micrographs revealed that As stress affected glandular trichome morphology and ultrastructure. Premature senescence was observed 
in trichomes of leaves at 150 mg/kg As and noticeable changes were observed in cell organelles of secretary cells. A positive 
correlation between EO yield and trichome density was observed in the present study. 
Keywords Arsenic, Essential oils, Ocimum basilicum, trichomes 

1. Background 
Contamination of soil with As and As-containing 
salts is a global environmental problem. As-based 
pesticides, fertilizers, metal processing industries 
and coal combustion units are some of the main 
sources of As pollution (Meharg and Whitaker, 2002; 
Liao et al., 2004). Pollution of groundwater with As is 
increasing at an unprecedented rate in some South 
Asian countries, especially Bangladesh and India 
(Ghosh et al., 2006). Irrigation of agricultural fields 
with As polluted water has significantly increased As 
levels in soil (Marin et al., 1992). Consumption of 
food grown in As-contaminated soil causes many 
health problems such as cancer, cardio-vascular 
disease and neurological disorders (Gadepalle et al., 
2008). As polluted water has the potential to cause 
severe skin allergies, dermatological lesions and other 
health related problems.  

Persistence of As in the environment for long duration 
is resulting in decrease in yield and quality of many 
important agricultural crops (Rashid et al., 2004). As 
is taken up from the soil by plant roots and is 

transferred to higher trophic levels via food chain 
(Zhang et al., 2002). Experiments carried out on a 
variety of crop species have demonstrated that As 
contamination in soil causes adverse effects on plant 
biomass productivity and yield (Carbonell-Barrachina 
et al., 1997). As uptake by plants and its effect on 
plant nutrition has been investigated in detail for 
various species such as Brassica juncea, Oryza sativa, 
Pteris vittata and Spartina alterniflora (Carbonell et 
al., 1998; Abedin and Meharg, 2002; Chaturvedi, 2006; 
Fayiga et al., 2007).  

EO yielding plants are important cash crops and are 
sources of bioactive constituents that have medicinal 
value. These plants are considered to be hardy and 
grow safely on metal-polluted soils around smelters 
and soil contaminated with heavy metals (Zheljakov 
and Nielsen, 1996; Salamon, 2008). Studies conducted 
on some important medicinal plants such as Bidens 
tripartite, Leonurus cordiaca, Marrubium vulgare, 
Melissa officinalis and Origanum heracleoticum 
clearly depict that no severe phytotoxic symptoms 
were observed in morphology, EO percentage and 
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yield of these plants (Zheljakov et al., 2008). Similarly, 
EO yield of Mentha piperita and Ocimum basilicum is 
also not affected by the treatments of Cd, Pb and Cu in 
soil. However, application of these heavy metals can 
alter the composition of EO (Zheljakov et al., 2006). 

Ocimum basilicum L. (Lamiaceae), commonly known 
as sweet basil is an annual aromatic medicinal herb 
native to India and other regions of Asia. In India, 
basil is mainly cultivated in Assam, Bihar, Uttar 
Pradesh and West Bengal where soil is severely 
polluted with As (Heikens, 2006; Rao et al., 2007). It 
grows luxuriantly in variety of soil types and 
agroclimatic conditions (Begum et al., 2002). EO 
derived from basil is widely utilized in high-grade 
perfumes, aromatherapy, flavoring liquors and as 
herbal spice (Bahl et al., 2000; Kumar et al., 2004). 
EO contains biologically active constituents that 
possess antimicrobial (Elgayyar et al., 2001), 
fungistatic (Reuveni et al., 1984), insecticidal (Bowers 
and Nishida, 1980) and allelopathic properties (Rice, 
1979). Traditionally, basil has been used for the 
treatment of headache, cough, diarrhoea, constipation, 
warts and kidney malfunction (Politeo et al., 2007).  
The yield and composition of EO is dependent on 
many environmental factors, agrochemical practices 
and the type of cultivar (Jirovetz et al., 2003). 

Leaves of O. basilicum  bear non-glandular and 
glandular trichomes on both the abaxial and adaxial 
surfaces. Non-glandular trichomes are uniseriate, 
pointed, straight or hook-like and their function is to 
confer defence to plants. Glandular trichomes are 
responsible for biosynthesis, secretion and accumulation 
of EO (Fischer et al., 2011). According to Wolff et al. 
(2012) high concentration of heavy metal in soil 
affects the structural integrity of the trichomes. 
However, there is no detailed experimental evidence 
to address how trichomes respond to high As levels in 
soil, and how the alteration of trichome structure 
influences the EO yield and quality. Studies on how 
ultrastructure of glandular trichomes is affected in 
treated plants and how cell organelles of functional 
importance such as endoplasmic reticulum (ER), 
mitochondria and plastids respond to high As 
concentrations has not been carried out in relation to 
As toxicity. 

The present study was designed to investigate: (i) 

effect of different As concentrations in soil on EO 
yield and composition of basil plants; (ii) impact of As 
in the soil on morphology and ultrastructure of EO 
secreting glandular trichomes. The study has been 
undertaken to understand the EO secretion and 
glandular trichome function in uncontaminated 
(control) and As- contaminated soil. 

2. Results  
1.1.  Effect of As on growth  
Table 1 shows that O. basilicum plants exposed to 
increasing As concentrations showed progressive 
decrease in the vegetative growth i.e. shoot length and 
shoot biomass in terms fresh and dry weight. Highest 
reduction was observed at 150 mg/kg As. Shoot length 
was significantly reduced by 34.65%, compared to 
control, while difference between other treatments 
was not significant. Shoot fresh and dry mass 
accumulation was inhibited by 31.78 and 27% 
respectively at 150 mg/kg As. However, an increase in 
shoot length, fresh and dry weight was observed at 10 
mg/kg As. 

1.2. Effect of As on EO yield and composition 
Hydrodistillation of leaf extract from the three month 
old basil plants was carried out. EO yield of the 
control plants was 0.20% (w/w). At 10 and 50 mg/kg 
As, EO yield significantly increased 3.5-4 times 
to reach 0.77 and 0.8% respectively, whereas at 150 
mg/kg As the yield significantly reduced up to 0.08% 
(Figure. 1). EO components estimated in control 
plants were linalool (0.0013 mg/g DW), methyl 
cinnamate (0.013 mg/g DW), camphor (0.0072 mg/g 
DW), 1,8-cineol (0.009 mg/g DW) and methyl 
eugenol (0.028 mg/g DW). Linalool concentration 
increased 3-4 times under 10-150 mg/kg As as 
compared to the control. Methyl cinnamate 
concentration at 10 mg/kg As showed down regulation 
up to 72.30%, whereas at 50 and 150 mg/kg As it 
was not detected. Concentration of 1,8-cineol 
and methyl eugenol decreased by 67.7 and 96% 
respectively at 150 mg/kg As in comparison  to EO 
extracted from leaves of control plants. Camphor was 
severely affected by As toxicity and not detected at all 
in any of the As-treated plants (Table 2). 

1.3. Effect of As on trichome  density and development 
1.3.1.  Trichome density 
 On the adaxial surface, trichome density increased 2-3 
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times at 10 and 50 mg/kg As in comparison to 
control plants. At 150 mg/kg As, trichome density 
decreased by 34%. Trichome density on abaxial epidermis 
increased at 10 mg/kg As by 66%, while at 50 and 150 
mg/kg As it decreased by 67 and 34 % respectively as 
compared to control (Figure. 2). 

1.3.2.  Trichome structure and ultrastructure 
LM studies showed that glandular trichomes on the 
leaves of control plants were globular, with a stalk of 
1-3 cells and a head of four secretory cells (Figure. 
3A). At 10 and 50 mg/kg As in soil structural collapse 
of the trichome head by disorganization of the 
secretory cells and folding of their cell walls was 
observed. Trichomes of plants treated with 150 mg/kg As 
showed senescence-like symptoms. Head cells showed 
mushroom-like appearance, partially protruding out of the 
epidermal depression (Figure. 3D). SEM investigations 
revealed an equatorial line of weakness around the 
head of the trichome in leaves of control plants 
(Figure. 4A). The cuticle ruptured along this line, and 
the subsequent collapse of the subcuticular cavity led 
to the release of exudates. Early maturity of trichomes 
was observed in As treated plants. Disintegration of 
the secretory cells and folding of the cell walls was 
observed in trichomes at 10, 50 and 150 mg/kg As 
treatments. Exposed head cells with no cuticle were 
noticed at 50 mg/kg As (Figure. 4C). A large number 
of deeply grooved trichomes was common at 150 
mg/kg As (4D), a typical behaviour of mature 
trichomes (Werker, 1993). Wax deposition was more 
clearly visible on leaf surface (Figure. 4D). Distortion of 
epidermal cells was observed with increased concentration 
of As. Non-glandular trichomes also lost the structural 
integrity with higher doses of As in soil.  

TEM studies provided further insights into the 
secretory cells of trichomes. Well-developed central 
nucleus and dense cytoplasm was observed in the head 
cells of control plants. Large vacuoles and mitochondria 
having well developed cristae were seen all over 
(Figure. 4E). Rough endoplasmic reticulum (RER) 
and dictyosomes were also distinctly visible, signifying 
that cells were actively involved in EO secretion. At 
10 mg/kg As no significant variation was observed in 
head cells in comparison to control. Well developed 
nucleus with electron dense chromatin material 
was observed in the cells (Figure.4F). However, at 
50 mg/kg As, plasmodesmatal connections were  

 

 

 

 

 

 

Figure 1. EO yield (%) of O. basilicum as affected by different 
concentrations of arsenic levels. Values with different 
superscripts (a-c) are significantly different at p ≤ 0.05. 
 
 
 

 

 

 

 
Figure 2. Trichome density (cm2) on both adaxial and abaxial 
surfaces of O. basilicum as affected my different arsenic levels. 
Values with different   superscripts (a-c) are significantly different at p 
≤ 0.05. 

 

 

 

 

 

 

 

 
 
 
 
Figure 3. Light micrographs showing the response of O. 
basilicum leaf peltate glandular trichomes to arsenic at different 
concentrations (40X). 
(A)Control: Developing trichome. 
(B)10 mg/kg As: Folding of head cells (arrow). 
(C)At 50 mg/kg As: Collapsed head cells and shortening of stalk cell. 
(D)At 150 mg/kg As: Senescent trichome. 
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Table 1 Effect of arsenic on shoot length, fresh wt. and dry wt. of Ocimum basilicum. 

Values with different letters (a-d) are significantly different at p ≤ 0.05 (means of three replicates ± S.D.). 
 
Table 2 Effect of arsenic on essential oil composition of Ocimum basilicum. 

Compounds 0 mg/kg 10 mg/kg As 50 mg/kg As 150 mg/kg As 
Methyl cinnamate 0.013±0.005 0.0036±0.00 nd nd 
Linalool 0.0013±0.00 a 0.005±0.00 c 0.0047±0.00 bc 0.004±0.00 b 
Methyl eugenol 0.028±0.00 e 0.006±00 bd 0.008±0.00 cd 0.001±0.00 a 
1,8-cineol 0.009±0.001 c 0.005±0.00 b 0.0036±0.00 a 0.0029±0.00 a 
Camphor  0.0072±0.00 nd nd nd 

nd: not detected Values with letters (a-e) are significantly difference at p ≤ 0.05 (means of three replicates ± S.D.). 
 
more prominent on the secretory cell wall and large 
mitochondria were seen (Figure 4. 4G). At 150 mg/kg 
As, glandular trichomes showed various changes 
at structural and ultrastructural level. The sectretory 
cells showed less number of vacuoles. RER were well 
represented but size of mitochondria was observed to 
be reduced (Figure. 4H).  

2. Discussion 
Results of the present study clearly demonstrate that 
the growth of O. basilicum significantly decreased as 
a result of higher As phytotoxicity, though at lower As 
concentrations the effect was not significant. An 
increase in plant growth at 10 mg/kg As in soil was 
observed. Results are in agreement with the study on 
Scutellaria biacalensis, an important herbal plant used 
in traditional Chinese medicine where low levels of 
As in soil stimulated the growth and development 
(Cao et al., 2009). This positive response at lower As 
concentrations can be linked to phosphorous uptake. 
Phosphate and arsenate are taken into plant roots by a 
common carrier. However, the phosphate/plasma 
membrane carrier has much higher affinity for 
phosphate than arsenate (Meharg and Macnair, 1990). 
Phosphate is also reported to be an efficient 
competitive inhibitor of arsenate uptake (Meharg and 
Macnair, 1990). At low soil As concentration, displacement 
of soil phosphate by arsenate increases the availability 
of phosphate to the plants, which results in the 
increase of growth.   

Four-fold increase in EO yield in plant tissues was 

observed when As concentration in the soil was raised 
up to 50 mg/kg, whereas at 150 mg/kg As the oil yield 
significantly decreased by about 60% in comparison 
to control. Heavy metal-induced enhancement in EO 
yield at low concentration in growth medium has been 
reported earlier in other EO yielding species such as 
Matrica chamomilla (Nasiri et al., 2010), Mentha 
piperita (Prasad et al., 2010) and Salvia officinalis 
(Stancheva et al., 2009). Increase in the EO content by 
the application of heavy metals is not properly 
understood, but the change has been attributed to the 
effect of metallic elements on the enzyme activity and 
carbon metabolism which further affects the EO 
synthesis pathways (Prakash and Kardage, 1980). 
Increase in EO production and density of EO releasing 
trichomes in O. basilicum has been observed in the 
present study at moderate As levels. This can be a 
partial explanation for the observed higher oil content 
per unit leaf dry weight. According to Charles et al. 
(1990) EO accumulation increases indirectly by 
interfering with net assimilation rate of nutrients in 
plants or by unequal partitioning and distribution of 
resources for growth and differentiation. EO 
production in basil leaves was strongly inhibited at 
150 mg/kg As. Reduction in photosynthesis and/or 
additional changes in metabolic system are probably 
responsible for this inhibition. According to Croteau 
and Johnson (1984) EO biosynthesis takes place in 
epidermal oil glands that are carbon heterotrophic and 
thus depend on the adjoining photosynthesizing cells  

Arsenic (mg/kg soil) Shoot length Shoot FW Shoot DW 

0 47.33±1.16 c 36.50±2.50 c 3.10±0.17 b 
10 68.96±0.87 d 60.33±2.08 d 5.16±0.37 c 
50 40.90±1.65 b 32.73±1.55 b 3.23±0.61 b 
150 30.93±1.44 a 24.90±0.65 a 2.26±00 a 
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Figure 4 Scanning electron micrographs of O. basilicum showing effects of different concentrations of arsenic on morphology of 
peltate glandular trichomes. 
(A) Control: Mature peltate trichome. Arrow indicates cuticle in central part showing a buldge, possibly corresponding to 
sub-cuticular cavity underneath. 
(B) 10 mg/kg As: Mature peltate trichome on adaxial leaf surface.  
(C) 50 mg/kg As: Mature peltate trichome with torn cuticle sheath, disclosing the head cells. 
(D) 150 mg/kg As: Sunken trichome. 
Transmission electron micrographs of glandular cells of peltate trichome in the active secretory stage under different concentrations 
of arsenic. (cw: cell wall, rer: rough endoplasmic reticulum, m: mitochondria, n: nucleus, v: vacuole, d: dictyosome, pd: 
plasodesmata). (Bar = 1µm) 
(E-F) Control and 10 mg/kg As: Details of cytoplasm and organelles in secretory cells. 
(G) 50 mg/kg As: Large-shaped mitochondria. Plasmodesmata in the secretory cell walls (arrow). 
(H) 150 mg/kg As: Secretory cell showing peripheral nucleus and mitochondrial aberrations in the form of inflated cristae. 
 
for a continuous supply of carbon precursors. EO 
production is also dependent on availability of various 
nutrient ions in soil. Any disruption in the nutrient 
balance reduces the oil production as observed in basil 
plants exposed to higher level of As in soil. Such 
results have also been observed in plants growing in 
saline soils.  Reduction in EO yield due to high dose 
of 100 mM NaCl has been observed in Salvia 
officinalis (Ben Taarit et al., 2009) and Origanum 
majorana (Baatour et al., 2010). As in soil disturbs the 
ionic balance and availability of nutrient ions to plant 
systems as observed in response to salinity. 
Comparison of plant biomass and oil content at 
different treatments revealed that As stress showed 
more severe effect on biomass than on oil content. 
This low reduction of oil content is certainly an 
advantage for EO plants. Biswas et al. (2011) in a 
detailed review have attributed the changes in oil yield 
in various EO plants to cascading effects of stress 
imposed on account on salt, heavy metal or water 
availability. Stress encountered by the plants affects 

the presence and availability of nutrient elements, and 
hence the secretory pathway. 

Ultrastructual studies of secretory structures of trichomes 
showed early maturity in plants grown in As amended 
soil.  At 150 mg/kg As, structure of head cell 
changed from globular to mushroom-like and the 
trichomes were seen embedded into the epidermal 
surface. Such changes are generally observed in 
trichomes at post secretory stage (Gravano et al., 
1998). Werker et al. (1993) also observed that in O. 
basilicum glandular trichomes were embedded in the 
epidermis when trichomes attain maturity and proceed 
to senescence. Premature senescence of trichomes is 
distinctly observed in the present studies in response 
to As toxicity.  
At 10 mg/kg As trichome ultrastructure did not show 
any variation in comparison to trichomes of control 
plants. At both the treatments, the head cells showed 
highly-organized cytoplasm, large nuclei, and many 
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mitochondria. These features are typical of secretory 
tissues with high metabolic activity. Secretion is an 
active process in which energy is used for metabolic 
compartmentation, ion extrusion, or biosynthesis of 
products (Fahn, 1988). Hence, presence of a large 
number of mitochondria in glandular trichomes is 
indicative of active secretion.  Presence of large vacuoles 
is related to the storage of metabolites and ions in the 
secretory apparatus (Figueiredo and Pais, 1994). At 50 
mg/kg As, trichomes of O. basilicum showed extensive 
RER and large mitochondria, indicating that the 
activity was higher in glandular cells that stimulated 
the production of EO. The existence of more 
prominent plasmodesmata connecting the cytoplasm 
of the secretory cells indicates enhanced intercellular 
transport of compounds within the trichome.  
Mitochondrial aberration in the form of inflated 
cristae and less electron dense cytoplasm was seen at 
150 mg/kg As. Underdeveloped organelles in the 
trichomes at 150 mg/kg As could be the possible 
reason for low yield in EO. This clearly demonstrates 
that higher doses of As affect the cells and disrupt 
their metabolic machinery. The variation observed in 
yield are manifestations of changes observed at 
cellular and subcellular levels.  

Characteristic basil aroma appears due to 1,8-cineol, 
methyl cinnamate and linalool (Lee et al., 2005). 
Camphor, 1,8-cineol and linalool are also known to be 
biologically active components (Morris et al., 1979). 
These compounds possess antimicrobial and 
antioxidative properties with high therapeutic value 
(Raseetha et al., 2009). GC analysis revealed that 
linalool, the major constituent in O. basilicum was not 
affected by exposure to As, but relative concentration 
of methyl eugenol, methyl cinnamate, 1,8-cineol and 
camphor diminished when plants were subjected to As 
stress (Table 2). Such a change in constituents of EO 
can be considered detrimental to oil quality. Low 
concentration of 1,8-cineol and absence of camphor at 
higher As levels depict that there is a compromise in 
defense potential as these two constituents are 
involved in allelopathic reactions (Rice, 1979). 
Compounds responsible for typical aroma of basil are 
affected due to As toxicity, which also degrades the 
antioxidative property of basil. Such changes in the 
EO composition in response to heavy metal stress 
have also been reported in Rosmarinus officinalis 
(Deef, 2007), Mentha arvensis (Prasad et al., 2010) 

and Salvia officinalis (Stancheva et al., 2009). 
Compromise on quality of therapeutically important 
compounds reflect inactivation of enzymes or 
redirection of metabolic functions to maintain growth 
(Murch et al., 2003).  

3. Material and Methods 
3.1. Plant material, growth conditions and treatments 
Seeds of Ocimum basilicum were procured from 
Germplasm Conservation Division, National Bureau 
of Plant Genetic Resources (NBPGR), New Delhi 
(India). Pot culture experiments were conducted in 
Botanical Garden, University of Delhi, Delhi (India).  
Seeds were sown in October in pots (38 cm diameter) 
filled with 4 kg air dried soil and compost in equal 
ratio. Soil was clay loam, pH 7.2, NO3 N 125 mg/kg, 
available P 0.5 mg/kg and K 120 mg/kg. Air-dried soil 
was amended with disodium hydrogen arsenate 
[Na2HAsO4.7H2O] at concentrations of 10, 50 and 150 
As mg/kg soil, each with three replicas. Pots without 
As served as control. Twenty seeds were sown in each 
pot and five uniformly growing seedlings per pot were 
retained for further studies. Plants were grown under 
natural conditions of light, temperature and humidity.  
Plants were harvested after four months of growth 
period. Whole plants were scooped out. Fresh weight 
of the shoot system was taken. Plant tissue was oven 
dried at 72 o C and weight was recorded.  

3.2. EO extraction 
Fifty grams of dried shoots (leaves and stems) were 
subjected to steam distillation-extraction for 4 h 
according to the protocol given by Rao et al. (2005) 
with slight modifications. The condensate obtained 
from distillation was collected and divided into 
sub-samples. Each sub-sample was mixed with 100 ml 
hexane to trap the dissolved EO. EO obtained from 
the samples was dried over anhydrous sodium 
sulphate to make it moisture free. Quantity of EO was 
measured by calibrated burette. Percentage EO yield 
of tissue samples was calculated by the formulae 
given by Rao et al. (2005):   

EO yield (%) = Amount of EO recovered (g) / Amount 
of crop biomass distilled (g) x 100 

3.3. EO analysis 
EO analysis was carried out by gas chromatography 
using Shimadzu GC 2014 equipped with flame 
ionization detector (FID) and an electronic pressure 
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control (EPC) injector. Helium was used as the carrier 
gas with a flow rate 1.2 ml/min through Restek DB-5 
capillary column (30 m long x 0.53 µm diameter and 
film thickness 0.5 µm). One µl oil sample was 
injected, diluted in hexane (0.05 ml of oil into 0.95 ml 
of GC standard grade hexane) and the samples were 
analyzed by GC.  Analysis was programmed for 15 
min at 60oC, rising up to 240oC at the rate of 5ºC/min. 
EO components were identified by comparing their 
retention times with those of authentic standards  of 
linalool, 1,8- cineol, methyl cinnamte, methyl eugenol 
and camphor (CDH and Merck, India) run under the 
same conditions (Kovats, 1965). Concentration of 
each component in oil sample was calculated using 
the following equation (Lee et al., 2005). 

Concentration (mg/g) = Weight of extract (without 
solvent) x GC peak area % 100 (mg) / Weight of plant 
material (g) 

3.4.  Trichome study 
Micromorphological observations were carried out on 
fresh basil leaves by light microscopy (LM), scanning 
electron microscopy (SEM) and transmission electron 
microscopy (TEM). TEM was used to reveal 
ultrastructural details of trichomes. 

3.4.1. Light microscopy (LM): Hand-peel mounts 
were prepared to study trichome density per unit leaf 
area on both adaxial and abaxial surfaces. For paraffin 
wax sectioning, plant material was fixed in FAA 
(formaldehyde: glacial acetic acid: ethanol, 1:1:18, 
v/v/v) for 24 h. For dehydration the fixed plant parts 
were passed through tertiary butyl alcohol (TBA) 
series. Embedding was done in paraffin wax following 
the procedure of O’Brien and McCully (1981). Wax 
blocks containing embedded material were trimmed 
and mounted on wooden blocks for sectioning with 
the help of Riechert rotary microtome. Sections of 8 
µm thickness were cut, dewaxed and dehydrated through 
ethyl alcohol-xylene series and stained with 1% safranin 
and 1% astra blue combination. Mounting was done 
in DPX and observed under Nikon photomicroscope.  

3.4.2. Scanning electron microscopy (SEM): Leaf 
segments were fixed in Karnovsky’s fixative, buffered 
with 0.1 M sodium phosphate buffer at pH 7.4 for 6-8 
h at 4oC. After washing in the buffer the material was 
dehydrated in a graded ethanol series, critical point 
dried with CO2, mounted in stubs and coated with a 

thin layer of gold (Serrato-Valenti et al., 1997). 
Sections were observed under LEO 435 VP scanning 
electron microscope at 15 KV. 

3.4.3. Transmission electron microscopy (TEM): 
For ultrastructural investigation, leaves were trimmed 
and small pieces from margin up to midrib were fixed 
in Karnovsky’s fluid, buffered with 0.1 M sodium 
phosphate buffer at pH 7.4 for 6-8 h at 4 oC and post 
fixed in 1% osmium tetraoxide. After dehydration in 
ethanol series, the material was embedded in 
Epon-Araldite resin. Sections were conventionally 
stained with uranyl and lead citrate (Ascensão et al., 
1997) and examined under Philips 200 transmission 
electron microscope at 80 KV. 

3.5. Statistical analysis 
Data were subjected to statistical analysis using 
software package SPSS 10.0 (Statistical Package 
for Social Sciences). One-way analysis of variance 
(ANOVA) followed by multiple comparison least 
significance difference (LSD) was employed to check 
the significance of the differences between the 
treatments at p ≤ 0.05. 

Conclusions 
As in growth medium decreased both growth and 
biomass of aerial parts in O. basilicum. EO yield 
showed an up regulation at 10 and 50 mg/kg As, but it 
decreased at 150 mg/kg As.  Linalool, the main 
component was augmented in all As treatments. 
Methyl cinnamate and camphor diminished under 
higher As concentrations. A strong positive correlation 
between trichome density and EO yield was noticed. 
Alteration in the structure and ultrastructure of 
glandular trichomes demonstrated that trichomes 
under As stress achieved precocious senescence, 
which further led to malfunctioning of secretory 
machinery. However, there is further need to carry out 
experiments in natural and controlled conditions to 
understand the exact mechanism by which the 
metabolic pathways are altered. Data provides an 
early indication that environmental pollutants like As 
affect the medicinal quality of O. basilcum. The 
development of optimized agricultural practices is 
essential for the sustainable cultivation of O. basilicum and 
adequate yield of EO.  
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Abstract
The recent �Global report on Food Crises� published by Food Security Information 
Network (FSIN, 2017) calls for intervention in methods and technologies 
to improve the quality and timeliness of food security and tackle the present 
food crises. India has a huge challenge to feed 1.32 billion and it is a daunting 
task. Droughts and other meteorological phenomena including, climate change, 
increase in pollution levels and spread of plant diseases and pests are some of 
the most common problems that continue to have an impact on food production. 
In order to manage crop diseases and reduce crop losses, low cost broad-
spectrum insecticides have been synthesized. Farmers are using these both in 
situ and ex situ to save the crops and minimize the losses. However, all major 
pesticides have been found to have detrimental effects on social insects, and 
insects develop resistance to these after consistent and rampant use. Prolonged 
residence time of these in the environment also have harmful health implications 
and sometimes cause irreversible damage to human health. Therefore, time and 
again scientists are at look out for novel products and chemicals that can help in 
managing pests. The use and discovery of neonicotinoids proved to be a novel 
innovative method in diseases management of major crops. The newly discovered 
family of pesticides is attributed with various properties that are inherently 
different from other pesticides, and have the potential to kill a bouquet of crop 
conferring any resistance to them. However, the rampant use of neonicotinoids 
for crop protection has resulted in many unforeseen environmental problems. 
It is important to look for alternatives for the existing ones to tackle the human 
health problems. Scientists are also looking at decreasing the doses and 
treatment methods to reduce the impact on agro-ecosystems. A paradigm shift is 
required in crop management practices and indiscriminate use has to be stopped. 
Discovery of new generation neonicotinoids with interdisciplinary approach is 
one of the ways to tackle the present problems and meet the future challenges. 
Though, there are evidences that these novel formulations show developmental 
neurotoxicity, the dosage and frequency of applications show variable response. 
insecticides to be safe to environment.

1. Introduction
 The population in India is growing at a fast pace and the 
projections state that India may surpass China in population in 
the next few decades. The increase in population suggests that 
the production of food resources should also increase substan-
tially to meet the growing demands (FAO: Global agriculture 
towards 2050). However, the potential to raise crop yields 
with the existing technologies does not seem to be possible. 
Therefore, focus should be on some other domains such as 

of crop losses on account of spread of diseases caused by insect 

across the globe.
 Agrochemical industries are witnessing spur in invest-

markets (Jeschke et al., 2011). India is now the second largest 
producer of pesticides in Asia (Nollet et al., 2016). We also 
stand third in terms of pesticide use and are one of the largest 
global pesticide consumer nations of the world (Nollet et al., 

2016). Some of these pesticides have also found a huge market 
base in many parts of South East Asia, especially neighbour-
ing countries of Bangladesh, Pakistan, Nepal and Sri Lanka. 
However, there are lots of negative implications of excessive 
use of these on environment, biodiversity and human health. 
This aspect has been neglected and ignored for a long time, 
and is of great concern.
 Among the most popular pesticides, are the insecticides 

nicotine insecticides in 1690 to synthetic organic forms like 
organophosphates, methylcarbamates, organochlorines and 
pyrethroids from 1940s-1970s (Tomizawa and Casida, 2011). 
Resistance in the pests to these widely used insecticides in the 
late 1980s gave a head start to the newly introduced neonic-
otinoid insecticides that recorded unique success in turnover 
in the 1990s. The use of these has increased and these have 
captured markets reaching a share of 24% in many countries. 
Though, these new generation pesticides could overcome the 
draw backs of conventional agrochemicals that were being 
used all over the world, some of the concerns are raised 
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regarding their long persistence period. The present paper 
reviews the usage of neonicotinoids and the environmental 
and human concerns such as teratogenic impacts about these 
in India, especially when diseases like cancer and in-born 
errors of metabolism are being diagnosed on a large scale. 
Besides, these new generation pesticides are also now being 
implicated for loss of many invertebrate species especially 
useful insects and earthworms that are of enormous ecological 
and economic value. 

2. Neonicotinoids
 Neonicotinoids (novel insecticides resembling nicotine) 
are synthetic insecticides but are similar in action to nicotine, 
an alkaloid derived from Solanaceae, such as Nicotiana sps. 
These are primarily analogues of natural organic compound 
nicotine and also act in the similar manner on nervous tissues 
of insects and neuro-receptors. Due to their role in incapaci-
tating insects and potential use as novel natural compounds 
in insect control, these are an in huge demand. Neonicotinoids 
have broad spectrum use and help in containing variety 
of insect pests and can be used for many crop species. The 
pharmacore moiety containing nitromine, nitromethylene, or 
cyanimide determines the insecticidal potency and selectivity 
of neonicotinoids (Matsuda et al., 2005). Presently, neonic-
otinoids are represented by many commercial compounds 
such asacetamiprid, clothianidin, imidacloprid, nitenpyram, 
nithiazine, thiacloprid and thiamethoxam and are available in 
the market and sold all over the world. Dinotefuran and sulf-

on commercial scale in many parts of South East Asia espe-
cially, China (Shao et al., 2013). Another reason for their huge 
success is the versatile method of application on plants and 

to use in various ways, for example in many places, these are 
mixed with water used for irrigation of vegetables. Their appli-

for rice, soil drenching method for citrus plants, application 
on trunks of apple trees, drench and drip application for coffee 
and grapevines, soil injections, bud injection for bananas are 
some other ways in which these are used. Application as seed 
treatments and soil injectionare the most common methodsof 
application and account for 60% of usage (Jescke et al., 2011). 
The method has high success rate for various crop species 
used in food industry. In USA from 2000 to 2012, virtually all 
neonicotinoids applied to maize, soybeans, and wheat were 
applied as seed treatments (Douglas and Tooker, 2015). Exper-
imental analysis of effect of neonicotinoids on the leaf hopper 
(Empoasca kerri), a sucking pest on cowpea plants revealed 
that when seeds are treated in combination with foliar sprays, 
the plants acquire more resistance to the pests and combining 
the methods of treatment is more effective than either of the 
applications alone (Antu et al., 2017).
 Moreover, they also have higher persistence and long 
residence time in the environment hence longer crop protec-
tion potential. Bonmatin et al. (2015) have comprehensively 
summarised the environmental fate and half-life of these 
insecticides in abiotic and biotic environments. Similarly, Jones 
et al. (2014) demonstrated that post application these stay in 

soil residues and may persist for several years, making them 
cost effective.

3. Mode of Action
 Neonicotinoids are systemic in nature i.e. they are taken 
up by the plants through roots or leaves and then translo-
cated to other plant parts. Thus, are among the most effec-
tive insecticides against sucking insect pests such as aphids, 

and Coleopteran pests (Simon-Delso et al., 2015). In an inclu-
sive summary, Elbert et al. (2008) have mentioned the use of 

spectrum and the quantity of application as either foliar, soil 
or seed treatments. Some of the key crops mentioned are 
vegetables, pome and stone fruits, citrus, rice, cotton, corn, 
potato, sugar beet, oilseed rape, and soybean and many more.
 Neonicotinoids target Acetylcholine receptors in the 
central nervous system of insects. Acetylcholine is a neu-
rotransmitter, and the blockage of its receptors leads to 
overstimulation and paralytic condition in the insects. Thus, 
there is no cross-resistance to conventional insecticides such 
as organophosphates, pyrethroids, etc. (Vastrad, 2003). Unlike 
other insecticides, they are selectively toxic to the Insecta and 
reported to be relatively harmless to other mammals due to 
differences in properties and structure of subunits of nicotinic 
acetyl choline receptors (Tomizawa and Casida, 2003). This 
protects crops from an array of sap feeding insects (Nauen et 
al., 2008; Magalhaes et al., 2009; Bonmatin et al., 2015) and 
other agriculturally important crop pests (Elbert et al., 2008; 
Jeschke et al., 2011). Insects are exposed to multiple inter-
acting environmental parameters and factors. There is also 
immense amount of diversity in the insects at populations, 
species and individual level. Social insects, such as bees, have 
been studied for their response to neonicotinoids but the 

vary with the size of the bee, foraging behaviour and amount 
of the insecticide used. In many species, the foraging activity 
of individual bees was reduced. However, most of the social 
bees work in coordination in groups and studies have not 

required that look at the research or cases at population level 

well. However, a study conducted by Woodcock et al. (2017) 
on honey bees at multiple sites at Hungry, United Kingdom and 
Germany on oilseed rape crops suggested a varied effect on 
bee populations. There was a colony collapse observed in UK 
during the winter season and these persisted in environment 
for longer durations.
 Literature survey suggests that the dosage of treatments 
is crop dependent. Concentrations in plant tissues and sap 

provide protection against pest insects (Castle et al., 2005; 
Byrne and Toscano, 2006). Toxicity studies carried out in 1,800 
lab rats resulted in NOEL (No Observable Effect Level) of 100 
ppm; hence neonicotinoids are very less toxic to mammals and 
can exit the body within 48 hours of ingestion (Fishel, 2005). 
Despite the immense potential of neonicotinoid insecticides 
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against plant pests, agricultural yield in the developed coun-
tries have been modest in the past 20 years (Goulson, 2013). 
There is need for more studies comparing the effectiveness of 
neonicotinoids with other available crop protection measures 
like Integrated Pest Management (IPM) (Goulson, 2013).

4. Concerns
4.1. Human health
 The studies on effect of neonicotinoids are largely carried 
out on insects. Sheets (2002) has summarized in his book 
that animals exposed to the neonicotinoid and imidacloprid 
results in tremors, hypothermia and impaired papillary func-
tion similar to that of exposure to nicotine. Reports published 
recently in leading journals suggest that these pesticides can 
affect the respiratory and nervous system. In a recent research 
Seltenrich (2017) reviewed the effect of neonicotinoids on 
humans and concluded that these compounds have shown 
an ability to bind to the most common receptor in nerve cells, 
cholinesterases nACRs in mammals. Change in the density 
of this neuroreceptor causes several central nervous system 
disorders such as Alzheimer�s, Parkinson�s, schizophrenia, and 
depression. The studies in laboratory animals suggest that 
these pesticides can affect hormones and their functioning 
thus affecting various metabolic processes in them. Therefore, 
the focus on effect of low dosage on endocrine effect of the 

for scientists. Investigations are also on to study the effect on 
various enzymatic and metabolic pathways to decipher the 
role of these on humans.

4.2. Environment and biodiversity
 Ecosystem services are gaining importance through eco-
nomic valuation. In the year 2011, the total global ecosystem 
services were estimated to be $125 trillion/year (Costanza et 
al., 2014). This concept is now being widely used in decision 
making especially in cases of ecological risk assessment of the 
plethora of chemicals being developed every day. Due to their 
unique properties, neonicotinoids have entered and retained 
themselves in every sphere of the Earth. Their presence in soil, 
air and water has been documented even at places where their 
use is irrelevant.
 Soil ecosystem services are largely driven by biological 
interactions. Neonicotinoid insecticides in the form of soil 
injections and release from seed coatings; pose a risk of harm 
to earthworms and other soil invertebrates as well as on 
microbes (Pisa et al., 2015) and are equally up taken by plants 
(Mullins, 1993). Their long persistence poses a relevant threat 
to soil ecosystem services (Chagnon et al., 2014). The effect 
thus can be detrimental as earthworms help in churning and 
aeration of soil that is important for the growth of plants. 
 Contamination of ground water is another negative con-
sequence of application of pesticides on soil; depending on 
type of soil and concentration of pesticides in soil (Gupta et 
al., 2002; Huseth and Groves, 2014). Runoff from agricultural 
land, urban and semi-urban regions also contaminate the 
surface water causing negative impacts on aquatic organisms 
(Armbrust and Peeler, 2002).

 A literature review conducted by Sánchez-Bayo et al. 
(2016) revealed that 22 studies have focussed on the effect 
of neonicotinoids (especially imidacloprid, thiacloprid and 
acetamiprid) and that there is no detailed study conducted to 
assess their impact on the entire ecosystem. The consequences 
of widespread water residues cause decline in the population 
of invertebrates and in turn starvation of insectivores. Thus, 
an impact on food chain can be detrimental to entire structure 
and functioning of the aquatic ecosystem.
 Moreover, seed coating of insecticides which used to be 
considered as a safer option has shown increased release of 
insecticides in the air, which in turn affects non-target organ-
isms. Greatti et al. (2003) stated that abraded insecticides 

exposure to the pollinators. Therefore, the purpose for which 
they were introduced can fail and the pollinator loss will have 
to be addressed with some novel strategy.
 High toxicity towards insect pests has increased the pro-
duction and usage of neonicotinoids to many folds; however, 
their so called selective mode of action has not spared other 
non-target organisms. There have been constant debates 
between their effectiveness and consequent harm on non-tar-
get organisms. The massive loss of bee population is now 
linked to the presence of insecticides in pollen and bee bread 
(Bonmatin et al., 2015).
 Since their water solubility is relatively higher than other 
pesticides, they are easily taken up by the plants and get trans-
located through both xylem and phloem to all plant parts. This 
systemic property which is very advantageous in controlling 
sap sucking pests, is equally harmful for pollinators like honey 
bees which depend on nectar and pollen from the crop plants. 
The lethal dose (LD50) value for oral/contact toxicity of neon-
icotinoid insecticides based on laboratory estimates show that 
imidacloprid, dinotefuran, clothianidin and thiamethoxam 
are considered highly toxic to honey bees while acetamiprid 
and thiacloprid are moderately toxic (Hopwood et al., 2016). 
The risk of exposure to non-target organisms, however also 
depends on crop type, method of application and the time 
period following the treatment.
 Residues and high concentrations of neonicotinoids are 
also found in guttation droplets (Tapparo et al., 2011). Simi-
larly, bees using resins for their hives are exposed to pesticides 

et al., 2011). Thus, pollen, 
nectar, guttation droplets, resins and fruits are direct contacts 
for a pollinator to get exposed to insecticides. This can lead to 
toxic deposits in honey used for pharmaceutical preparations 
or as food in the human diet.
 A toxicity analysis of nine insecticides carried out in 

showed highest toxicity to Trichogramma chilonis (polypha-
gous wasps) which is a natural enemy to important rice pests 
and often used in Ecological Pest Management, an approach 
that uses intrinsic strength of natural processes to reinforce 
the biological control of pests (Preetha et al., 2009). Similarly, 
thiacloprid was found to be inappropriate and ineffective for 
application on eggplants as well as for human consumption 
(Saimandir et al., 2009). Another laboratory analysis deci-
phered the impact of imidacloprid on development of chick 
embryos. The dosage ranged from 5 to 50µg and resulted in 
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growth retardation leading to failure in retraction of yolk sacs, 
defective limbs and neural tube (Hussein et al., 2014).
 Recently cases of resistance towards neonicotinoids have 

-
dacloprid. Pests including Amrasca biguttula biguttula (cotton 
leaf hopper) and Aphis gossypii (cotton aphid) have shown 
resistance to imidacloprid (Wang et al., 2001; Kshirsagar et 
al., 2012). Gorman et al. (2008) illustrated how rice brown 
planthopper collected from India, China, Indonesia, Malaysia, 

-
prid. Continuous use of neonicotinoids has resulted in their 
resistance among pests belonging to various insect classes.
 A study conducted in Netherlands has shown a decreas-
ing trend in insectivorous bird population with the increase 
in use of imidacloprid insecticides (Hallmann et al., 2014). 
Pisa et al. (2015) documented extensively about the effect 
of neonicotinoids on non-target organisms including both 
terrestrial and aquatic invertebrates. They also comprehend 
the fact that although the plethora of literature has focussed 
on the negative impacts of neonicotinoids on a few organisms, 
it is enough to support their polluting potential and adverse 
biological and ecological impacts on organisms in terrestrial, 
aquatic, marine and benthic habitats.

6. Conclusions
 Neonicotinoids are systemic insecticides which have 
proven to be very effective against many crop pests and have 
gained huge market success. However, as has happened with 
all insecticides, neonicotinoids also have harmful effects on 
non-target organisms. While in the developed countries a tre-
mendous amount of literature is available about their sectorial 
usage, applications, and effect on non-target organisms like 
honey bees and on ecosystem services; there is a dearth of 
informationon their usage in countries like India. Only a few 
selected studies have focussed on the persistence of particular 
neonicotinoids in soil. Thiamethoxam and imidacloprid are 
two such insecticides of which effect on particular pests; and 
development of resistance has been studied.
 There are some knowledge gaps that exist in neonicoti-
noid research in India. Assessment of state wise utilisation of 
insecticides and evaluation of persistence of neonicotinoids 
in all environmental media with special emphasis on aquatic 
ecosystems is something that needs immediate attention. Field 
related studies to understand the effect of metabolites and 

the effect of all insecticides acting together in the environment 
is much desired.

that the latest strategy of Ecological Pest Management and 
development ofsafe pest control measure is the adopted 
in large scale farm holdings so that the natural forces and  
processes of pest regulation come into play. This can be rein-
forced by conserving the biological diversity of the regions. 
Usage of safe control measures, dosage and frequency at which 
these should be applied has to be standardized for various 
crop species. 
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Introduction 

Methodology Results and Discussion 

Research  Aim 

  

According to WHO 80% of the world population use herbal medicines for curing various 
diseases. Serious concerns are being raised regarding the use of allopathic  drugs.. Resistance 
to these drugs is increasing and these also have proven side effects. Therefore, scientists are 
looking at the repository of medicinal plants for drug discovery. Reports suggest that 25% of 
modern medicines are derived from plants. However, most of the medicinal plants are 
growing in wild and in wastelands. These plants are collected from various places and no 
special methods are used by practitioners to test the safety aspects. Solanum nigrum, Withania 
somnifera, Plumbago zeylanica, and many other plants are used for treatment of various 
ailments. Entire plants and their parts such as roots, leaves and fruits are also used ethano-
botanically by the local people. It has been deciphered that many of these plants are metal 
accumulators. As the pollution level is increasing all across the habitats on account of various 
anthropogenic activities, heavy metal concentration  above permissible limits in the 
substratum is reported. It is important to assess the uptake of heavy metals in plants and their 
parts.  The study is being undertaken at various sites in Delhi, Haryana and Uttar Pradesh to 
assess the safety and efficacy of the drugs derived from the selected medicinal plants.  
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Solanum nigrum at different locations 

Withania somnifera Solanum nigrum 

Salvia officinalis Plumbago zeylanica 

To collect plants of Withania  and 
Solanum from various sites  
(polluted industrial areas, city 
wastelands, roadside and sewage) 
disposal sites 
Analysis and estimation of heavy 
metal pollutants in plant samples by 
using different techniques 
Comparative study of  uptake of 
metals in various plant parts in 
selected plants and the soil.  

A B 

C 

D 
A: Kundli Industrial Area near Sonipat, Haryana, B: Kamla Nehru Ridge, near University of 
Delhi, Delhi, C: Near Inorganic lab, Department of Chemistry, University of Delhi, Delhi, D:  
Botanical Garden, Department of Botany, University of Delhi, Delhi 
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S.No. Area  Leada(µgg-1) 

(Fruits) 
Leada(µgg-1) 

(Leaves)  
Zinca(µgg-1) 

(Fruits) 
 

Zinca(µgg-1) 

(Leaves)  

1 
Kundli industrial 

area near 
Sonipat, Haryana 

16.40 16.92 441.08 428.45 

2 

Kamla Nehru 
Ridge, near 

University of 
Delhi, Delhi 

13.22 17.44 435.02 516.02 

3 

Botanical 
Garden, 

Department of 
Botany, 

University of 
Delhi, Delhi 

13.51 6.66 461.71 445.83 

Graphical Representation 

Table1: Amount of Lead and Zinc in fruits and leaves of Solanum nigrum 

a using Atomic absorption  Spectroscopy 

Kundli industrial Kamla Nehru Botanical garden
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lead leaves
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Fig. 1 Graphical representation of amount of lead in fruits and leaves Fig. 2 Graphical representation of amount of Zinc in fruits and leaves 

Collection of plant samples 

Oven drying of the samples  

Acid Digestion  

Samples analysis using AAS 

Results 
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