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Pest management is a severe constraint in agriculture as pests decrease the plant yield, productivity 
and also act as vectors causing various plant diseases. Pesticides are used to devour pests; however, 
irrational usage results in adverse impacts on the ecosystem. The present investigation was aimed to 
study the effects of fenvalerate, cypermethrin and chlorpyriphos on the growth of Coriandrum sativum 
for 35 days until the plants attained the flowering stage. The study was conducted in triplicates and 
various growth parameters such as germination rate, shoot height, biomass and moisture content of 
pesticide-induced plants were calculated and compared with control. On the 35

th
 day, the plants 

displayed enhanced shoot heights under recommended pesticide dosage of 2.5 mL L
-1

 for cypermethrin 
(11.41 ± 0.08 cm) and fenvalerate (12.43 ± 0.2 cm) rather than the control plants (9.12 ± 0.06 cm). 
However, detrimental effects on plant growth and early mortality were observed in chlorpyriphos 
treated plantlets. Student's t-test revealed a marked difference in plant growth under different pesticide 
concentration gradients at a 5% level of significance. Analysis of shoot heights and analysis of variance 
(ANOVA) concluded that there was no significant mean difference of plants grown under cypermethrin 
and fenvalerate stress at 5.0 and 7.5 mL L

-1
 concentration with plants in control. Hence, the present 

study establishes an optimal pesticide range of 5.0 ± 2.5 mL L
-1

, which did not prove injurious to the 
growth and productivity of C. sativum. 
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INTRODUCTION 
 
In agriculture, various disease-causing organisms 
including insects, larvae, pathogenic fungi, viruses and 
weeds, severely affect the growth and productivity of 
crops.  Organic  or  inorganic  pesticides   are   xenobiotic 

compounds that are routinely administered to debar pests 
from crops. Pesticides comprise fungicide, herbicide, 
nematicide, molluscicide, germicide, antimicrobial agents 
and  insect  or  animal repellents (Randall et al., 2013). In
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most agricultural practices, pesticides are used to 
increase the yield, productivity and vigour of crops. 
Pimentel (1995) reported that only 0.1% of the applied 
pesticide acts against the pest, and 99.9% of the 
remaining affects the environment. De Oliveira et al. 
(2012) estimated that annually millions of tons of 
pesticides are applied to crop fields out of which less than 
5% acts against the target organisms while the excess 
fraction (> 95%) of pesticides target the beneficial soil 
microflora and leads to the pollution of soil and water 
bodies (Alavanja, 2012; Carvalho, 2006; Freire et al., 
2015; López-Pérez et al., 2006; Meyer et al., 2010; 
Power, 2010; Turra et al., 2010; Oliveira et al., 2016). 
India accounts for the maximum usage of insecticides 
(76%), fungicides (13%), herbicides (10%) and others 
(1%), as compared to 44% of insecticides usage globally. 
Most commonly used pesticides in Barak Valley, Assam 
are organophosphates (dimethoate, chlorpyriphos, 
monocrotophos, dichlorophos, profenofos); synthetic 
pyrethroid (fenvalerate, cypermethrin); organochlorides 
(endosulfan, DDT); and carbamates (carbofuran) (Dey et 
al., 2013). These pesticides are reported to enter the food 
chain by the process of biomagnifications affecting the 
consumers and farmers. González et al. (2011) found 
traces of pesticides in fruits, vegetable crops and even in 
other processed food products which signifies that the 
pesticides are non-recalcitrant compounds, and retain 
their toxicity even after detoxification and degradation 
processes. Pesticide sprays can directly hit non-target 
vegetation or can drift or volatilise from the treated area, 
and contaminate air, soil and non-target agents (Aktar et 
al., 2009). Due to extensive agricultural practises in the 
same cultivable land, pesticides which were applied to 
the previously grown crops gets accumulated in the soil 
by the process of leaching which proves detrimental for 
plant health and human consumption as they are hard to 
convert into less toxic forms by chemical and biological 
processes. As a result, high concentrations of pesticides 
hinder various biological processes of the plants causing 
chlorosis, nutrient imbalances, oxidative stress and 
decline in enzyme activity. It also affects seedling 
germination, reproductive health or flowering and yield. 

The present study aims to understand the effect of the 
pesticides on the growth patterns of an essential annual 
herb Coriander (Coriandrum sativum), a plant from 
Apiaceae family, which is often regarded as the "spice of 
happiness" by Egyptians (Hameed et al., 2017). C. 
sativum is cultivated during the winter months, and 
maturation or flowering can be achieved within a month, it 
proved to be a perfect candidate for our study. Being rich 
in antioxidants, the plant has tremendous health benefits 
that include antispasmodic, aphrodisiac, hypolipidemic, 
hypoglycaemic, and antimutagenic properties. The leaves 
and seeds are commonly consumed which contains lots 
of mineral oils, and flavouring compounds like limonene, 
linalool, pinen, terpinen and geraniol (Mahendra and 
Bisht,  2011; Maroufi et al., 2010; Sahib et al., 2013). The 

 
 
 
 
growth patterns of C. sativum were studied under three 
different pesticide application which includes TATAfen 
(fenvalerate 20% emulsifiable concentrate (E.C.) [a TATA 
product]; Tricel (Chloropyriphos 20% E.C.) [Excel Crop 
Care]; and Ustaad (cypermethrin 10% E.C.) [UPL]); 
which are extensively applied in the crop fields in this 
region. Fenvalerate falls under the category of synthetic 
pyrethroids which is applied against a wide range of 
pests and is of low toxicity to mammals. Short-time 
exposure to humans causes itching of skin and irritation 
of eyes, whereas prolonged exposure causes lead to 
neurological disorders and endocrine dysfunction 
(Umeda et al., 2016). Chloropyriphos is amongst the 
widely used organophosphate pesticide which is useful 
against all biting and chewing pests (Bozdogan et al., 
2015). It is effective for longer durations and does not 
wash off in rainwater due to its higher persistence value 
and is very toxic to mammals, including humans (Mitran 
et al., 2017). Cypermethrin is a synthetic pyrethroid 
pesticide and insect repellent which is effective in killing 
many pests like aphids, thrips, mites, moths and is 
extensively used to protect vegetable crops. It is also 
reported to cause germ cell mutations and potential 
genotoxic effects in mice models (Aktar et al., 2009; 
Emam and Abdelhameed, 2017; Dey et al., 2013). 
Hence, the present study was aimed to understand the 
effects of three pesticides on the growth parameters of C. 
sativum and finally to establish the pesticide 
concentration range to which the plants show minimal 
distortion in growth patterns. 

 
 
MATERIALS AND METHODS 

 
Study site, sampling and soil analysis 

 
The study was conducted during December to mid-February in the 
year 2016-2017 in Silchar, Assam (24° 48' N, 92° 47' E). The 
average temperature that prevailed during this session was 11 to 
23°C, with no rainfall recorded during the span of the study. The 
soil sample was collected by random sampling method from the 
banks of Barak River, Silchar (24° 5' N and 92° 46' E) from a depth 
of 10 to 20 cm with no history of pesticide application ever. The soil 
samples were grinded, shade dried and sieved through 2 mm pore 
sieve. The soil sample was analysed for soil pH, electrical 
conductivity (mS cm-1), texture, consistency, moisture content (%), 
bulk density (g mL-1), particle density (g mL-1), and porosity (%). 
Estimation of macronutrients (C, N, P, K) and micronutrients (S, Zn, 
B, Fe) contents were performed at Soil Testing Laboratory, Krishi 
Vigyan Kendra (KVK), Arunachal, Cachar, Assam (Iwara et al., 
2011). The soil used for the present study was dark-brown coloured 
silt-clay-loamy soil with high moisture content (23.41 ± 4.36%), 
indicating that the soil was fertile with high organic content (Wall, 
2005). The soil pH was recorded as 7.38 ± 0.07 (mildly alkaline), 
and electrical conductivity (E.C.) was 0.37 ± 0.03 mS cm-1, which 
means that the soil is critical for salt-sensitive crops (Mitran et al., 
2017). Due to high organic content in the soil, the bulk density was 
low (0.78 ± 0.06 g mL-1) and particle density was medium (1.81 ± 
0.37 gmL-1); however, the soil was highly porous (56.21 ± 8.64%), 
and also showed high drainage capacity and hydraulic conductivity. 
The  presence  of  macronutrients  (C,  N, P, K)  and  micronutrients



Naha et al.          19 
 
 
 
Table 1. Physico-chemical properties of various soil samples of pot culture under concentration gradient of three different pesticides. 
 

Sample pH 
E.C. 

(mS cm
-1

) 

Carbon 

(%) 

Nitrogen  

(kg ha
-1

) 

Phosphorus 
(kg ha

-1
) 

Potassium 
(kg ha

-1
) 

Sulphur  

(mg kg
-1

) 

Zinc 

(mg kg
-1

) 

Boron  

(mg kg
-1

) 

Iron 

(mg kg
-1

) 

Control 7.40 0.42 2.02 692.90 120.80 343.70 9.62 5.04 0.81 12.30 
           

 US= Ustaad (Cypermethrin, 10% E.C.) 

US (2.5 mL L
-1

) 7.33 0.40 2.00 686.50 99.55 317.70 2.24 4.32 1.65 17.00 

US (5.0 mL L
-1

) 7.35 0.37 1.97 680.10 96.44 270.20 5.11 1.44 1.01 8.40 

US (7.5 mL L
-1

) 7.38 0.39 1.91 660.90 95.11 314.30 3.47 2.16 1.42 10.40 

US (10.0 mL L
-1

) 7.45 0.31 1.97 680.10 92.01 317.70 3.88 3.96 0.73 6.94 

US (12.5 mL L
-1

) 7.47 0.37 2.04 699.30 97.77 299.60 4.70 2.16 0.13 8.17 
  

 TA= Tatafen (Fenvalerate, 20% E.C.) 

TA (1.0 mL L
-1

) 7.32 0.33 1.95 673.70 75.15 334.60 5.93 1.80 0.18 7.28 

TA (2.5 mL L
-1

) 7.27 0.35 1.91 660.90 79.59 315.40 5.11 2.88 0.23 5.82 

TA (5.0 mL L
-1

) 7.32 0.32 1.88 654.40 85.35 327.80 3.47 2.52 0.04 8.96 

TA (7.5 mL L
-1

) 7.37 0.37 1.95 673.70 90.23 323.30 2.65 3.60 0.27 15.60 

TA (10.0 mL L
-1

) 7.42 0.41 1.93 667.30 89.79 339.10 0.00 1.80 0.36 7.28 

TA (12.5 mL L
-1

) 7.46 0.42 2.00 686.50 94.22 331.20 0.00 0.72 0.82 8.96 
           

 TR= Tricel (Chloropyriphos, 20% E.C) 

TR (1.0 mL L
-1

) 7.30 0.34 2.02 692.90 77.81 309.70 0.60 5.40 0.82 8.40 

TR (2.5 mL L
-1

) 7.21 0.41 1.91 660.90 94.67 338.00 0.19 3.60 0.41 7.72 

TR (5.0 mL L
-1

) 7.38 0.36 1.97 680.10 87.13 330.10 1.01 1.08 0.38 9.96 

TR (7.5 mL L
-1

) 7.41 0.40 1.88 654.40 98.21 322.20 1.83 3.60 0.36 9.07 

TR (10.0 mL L
-1

) 7.43 0.36 1.95 673.70 96.44 309.70 0.00 1.08 0.23 8.28 

TR (12.5 mL L
-1

) 7.45 0.40 1.93 667.30 92.89 333.50 0.00 0.36 0.13 6.04 
 

*Soil test conducted after 35 days of incubation. pH: Strongly acidic (<4.5 - 5.5), Mild acidic (5.6 - 6.5), Neutral (6.6 - 7.3), Mildly alkaline (7.4 - 8), Strongly alkaline (8.1 - > 9); EC: Normal (< 0.08), 
Critical for salt-sensitive crops (0.08 - 1.6), Critical for salt-tolerant crops (1.6 - 2.5), Injurious to all crops (> 2.5); Carbon: Very low (< 0.25), Low (0.25 - 0.49), Medium (0.5 - 0.75), High (0.76 - 1), Very 
high (> 1); Nitrogen: Very low (< 136), Low (136 - 271.9), Medium (272 - 544), High (544.1 - 816), Very high (> 816); Phosphorus: Very low (< 11), Low (11 - 22.4), Medium (22.4 - 56), High (56.1 - 84), 
Very high (> 84); Potassium: Very low (< 68), Low (68 - 135.9), Medium (136 - 336.9), High (337 - 506), Very high (> 506); Sulphur: Very low (< 5), Low (5 - 9.9), Medium (10 - 15), High (15.1 - 22.5), 
Very high (> 22.5); Zinc: Deficient (< 0.06); Iron: Deficient (< 4.5); Boron: Deficient (< 0.05). 
 
 
 

(S, Zn, B, Fe) was also estimated which are summarised in 
Table 1. Organic carbon (1.95 ± 0.04%), nitrogen (675.03 ± 
12.91 kg ha-1), phosphorus (92.86 ± 9.75 kg ha-1), zinc (2.7 
± 1.44 mg kg-1) and iron (9.37 ± 2.88 mg kg-1) contents 
were found to be very high amounts; potassium (321.82 ± 
16.77 kg ha-1) and boron (0.53 ± 0.44 mg kg-1) were 
present in moderate ranges while sulphur (3.32 ± 3.44 mg 
kg-1) content was extremely low. 

Pot experimental studies 
 
Pot preparation 
 
Pre-autoclaved soil samples were filled equally in earthen 
pots (14 cm × 14 cm × 11 cm), labelled and grouped for three 
different pesticide treatments. Six different concentrations 
(1.0, 2.5, 5.0, 7.5, 10.0, and 12.5 mL L-1) for each pesticide 

were chosen, and three replicates for each concentration 
were allotted for the study. Pots without the presence of 
pesticide served as control setup (Nath et al., 2013). 
 
 
Seedling inoculation  
 
Seeds  of  C. sativum were collected under the supervision
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Table 2. Germination rate of Coriandrum sativum seedlings, inoculated with pesticides at 
different concentrations. 
 

Concentration 

(mL L
-1

) 

Germination rate (%) 

Fenvalerate Cypermethrin Chloropyriphos 

1.0 100 100 100 

2.5 100 100 90 

5.0 85 90 75 

7.5 65 70 55 

10.0 50 50 35 

12.5 35 40 30 

 
 
 
and direction of the personnel of Plant Protection Department, KVK. 
Seeds were washed and soaked in double-distilled water for 24 h. 
The seeds that settled at the bottom were considered viable and 
were selected for the study. Seeds were wrapped in a moist cloth 
for another 48 h until the seeds swelled, and approximately twenty 
seeds were sown in each pot and watered daily (Nath et al., 2018). 
 
 
Pesticide administration  
 
Fenvalerate, cypermethrin and chlorpyriphos were sprayed on the 
plant leaves using a foliar spray of 1 L capacity in the early morning 
at an interval of ten days as suggested by the Plant Protection and 
Soil Science Department, KVK Cachar. Due to pesticides retention 
in the cultivable lands from previous farming practises, the pesticide 
concentration remains higher in the crop fields than the 
recommended dosage of 2.5 mL L-1. Therefore, to mimic the crop 
field conditions, six different concentrations (1.0, 2.5, 5.0, 7.5, 10.0, 
and 12.5 mL L-1) were considered for each pesticide ranging below 
and above the recommended dosage. 
 
 
Study of growth parameters 
 
The effect of three different pesticides and their effects at different 
concentrations were studied till maturation, and the flowering stage 
was attained. Germination rate, shoot height, biomass and moisture 
content with increasing pesticide concentration were also 
calculated. Germination rate was estimated using the following 
formula (Zahoranová et al., 2016): 
 

 
 
Shoot heights were calculated at an interval of 5 days from the day 
seeds were sown till 35th day after which the plants were harvested, 
and the shoots were weighed to estimate the biomass of the plant 
whereas dry weight was estimated by exposing the plants in a hot 
air oven at 100°C for 2 h. The moisture content of the plants was 
calculated by the following formula (Medrano et al., 2015): 
 

 
 
 
Statistical analysis 
 
Student's t-test was performed in Microsoft Excel to study the 
independent nature of plant growth, that  is,  growths  of  the  plants 

subjected to each pesticide concentration are independent, and 
they do not have any influence on each other. Statistical analysis 
was performed with shoot heights expressed as mean ± standard 
deviation (SD). Software SPSS 16.0 was used to calculate the 
analysis of variance (ANOVA) and multiple comparison tests, 
considering the level of significance at P < 0.05. The comparison 
between groups of the plant heights with increasing pesticide 
concentration was performed assuming equal variances (Tukey's-b 
test) and unequal variances (Games-Howell test). Therefore, the 
null hypothesis, H0 set up for the experiment was, 'with an increase 
in the pesticide concentration, there is no significant change in the 
growth parameters of C. sativum plants' (Namiki et al., 2018; Nath 
et al., 2018). 
 
 
RESULTS AND DISCUSSION 
 
Effect of pesticides on plant growth parameters 
 
Germination rate and plant maturity 
 

The germination rate was observed to be affected with an 
increase in pesticide concentration, while maximum 
germination was observed in control pots, showing 100% 
seedling viability. Germination of plants in control and 
pesticide concentrations of 1.0 and 2.5 mL L

-1
 was 

observed within 48 h of seedling inoculation, whereas 
plants with 5.0 and 7.5 mL L

-1
 concentration took three to 

five days to germinate. However, plants in extreme 
pesticide concentrations (10.0 and 12.5 mL L

-1
) 

germinated after one week of inoculation, which is 
because plants with an increase in stressed conditions 
need more time to acclimatise to the condition and its 
metabolism also slows down; therefore, the rate of 
germination also varied with concentration (Table 2) 
(Chaudhry et al., 2002; Rennenberg, 1987).  This study is 
in agreement with Kilic et al. (2015), who demonstrated 
the toxic effects of chlorantraniliprole pesticide in maize 
plant, rendering growth reduction in coleoptile and radicle 
length.  Reduced coleoptile growth was also observed by 
Moore and Kroger (2010) in Oryza sativa on exposure to 
insecticides and herbicides like diazinon, metolachlor, 
atrazine, lambda-cyhalothrin and fipronil (Moore and 
Kroger, 2010). The damaging effect of pesticides can be 
reduced by proper crop management  and  application  of

Germination  % =
Germinated seeds

Total planted seeds
× 100 

Moisture content = 1 −
Dry weight

Fresh weight
× 100 



Naha et al.          21 
 
 
 

 
 

Figure 1. Effect of cypermethrin on the shoot lengths (Mean ± S.D.) of Coriandrum sativum. 

 
 
 

 
 

Figure 2. Effect of fenvalerate on the shoot lengths (Mean ± S.D.) of Coriandrum sativum. 

 
 
 
organic manure and bio-fertiliser in the crop field.  
 
 
Estimation of shoot height 
 
Plants which were grown under different concentrations 
of fenvalerate (Figure 1) and cypermethrin (Figure 2) 
showed a steady declining growth in the initial 15 to 20 
days of the experiment whereas plantlets with pesticide 
dosage of 1.0 mL L

-1
  were observed to have enhanced 

growth than the control plantlets. It may be because, at 
low concentration, the plants used the pesticides as a 
source of nutrition, and below the recommended dosage 
(2.5 mL L

-1
), pesticides cannot prove detrimental to plant 

growth (Ait Barka et al., 2004). On 20
th
 day onwards, 

when the plants reached the flowering stage, the plants 
at 2.5 mL L

-1
 showed better growth than plants in control 

and 1.0 mL L
-1

 of pesticide. This proves that the 
recommended dosage of pesticides has minimal effect  in 

the retardation of plant growth. On the other hand, the 
plants subjected to chlorpyriphos treatment showed a 
steady declining growth curve for the entire period of the 
experiment, and early mortality was observed in the 
plants (Figure 3). The average shoot lengths of plants on 
15

th
 day (before flowering) in control were 4.33 ± 0.25 cm, 

and plants under 2.5 mL L
-1

 concentration of pesticides 
were 4.40 ± 0.17 cm (cypermethrin), 4.1 ± 0.39 cm 
(fenvalerate) and 2.4 ± 0.08 cm (chlorpyriphos). 
However, a considerable decline in the shoot length was 
observed at higher pesticide amendments (12.5 mL L

-1
), 

which was noted as 2.25 ± 0.21, 2.45 ± 0.07 and 1.4 ± 
0.45 cm for cypermethrin, fenvalerate and chlorpyriphos 
induced plants, respectively. After attaining the flowering 
stage on 35

th
 day, maximum growth was noted in the 

recommended dosage of 2.5 mL L
-1 

concentration of 
cypermethrin and fenvalerate, exhibiting shoot length of 
11.41 ± 0.08 and 12.43 ± 0.2 cm, respectively. Plants in 
control  treatment  also  showed moderate shoot length of
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Figure 3. Effect of chloropyriphos on the shoot lengths (Mean ± S.D.) of Coriandrum sativum.  

 
 
 
9.12 ± 0.06 cm. However, steep retardation in shoot 
length under 12.5 mL L

-1 
concentration of pesticides was 

observed, measuring 4.17 ± 0.02 cm, 4.16 ± 0.05 cm in 
cypermethrin and fenvalerate induced plants. 
Interestingly, the plants under chlorpyriphos treatment 
produced harmful effects on plant growth parameters and 
even failed to attain maturity. The detrimental effects 
were also visually observed, which includes reduced 
vigour, retarded shoot growth, drooping leaves, less 
branching and chlorosis. The resulting order of 
decreased shoot length of plants supplemented with 
pesticide at day 35 was: fenvalerate > cypermethrin > 
chlorpyriphos, which revealed that fenvalerate showed 
least retarding effect on the growth of plants. 
 
 
Statistical inference 
 
The t-test analysis of C. sativum shoots heights 
supplemented with cypermethrin, fenvalerate and 
chlorpyriphos showed a marked difference, at a 5% level 
of significance on both the 15

th
 and 35

th
 days. The 

tabulated value at 5% level of significance for 6 and 40 
degrees of freedom was 2.336 whereas the calculated 
value was higher in case of cypermethrin (t (46) = 18.573, 
p < 0.05), fenvalerate (t (46) = 16.123, p < 0.05) and 
chlorpyriphos (t (46) = 39.127, p < 0.05). A similar trend 
was observed on the 35

th
 day, where the tabulated values 

for cypermethrin, fenvalerate and chlorpyriphos were t 
(46) = 8.014, p < 0.05; t (46) = 9.490, p < 0.05;  and t (46) 
= 20.195, p < 0.05, respectively. The calculated value 
was found to be greater than the tabulated value on both 
15

th
 and 35

th
 days; we, therefore, reject the null 

hypothesis and conclude that there is a significant effect 
in the plant's growth with the change in pesticide 
concentration. 

Multiple comparison studies of the shoot heights of C. 
sativum  between  control  and  other   concentrations   of 

pesticides were calculated after 15
th
 and 35

th
 days of 

inoculation at P < 0.05 which revealed that on the 35
th
 

day; almost all the plants subjected to cypermethrin, 
fenvalerate and chlorpyriphos displayed a significant 
mean difference among each other at P < 0.05. On 35

th
 

day of inoculation, cypermethrin and fenvalerate at 2.5 
mL L

-1
 concentration marked a significant mean 

difference with plants in 1.0, 10.0 and 12.5 mL L
-1

 while 
chlorpyriphos displayed significant mean difference with 
plants in control (6.57 ± 1.15 cm), 1.0 mL L

-1
 (1.52 ± 0.1 

cm), 10.0 mL L
-1

 (1.46 ± 0.11 cm) and 12.5 mL L
-1

 (1.7 ± 
0.11 cm). The result signifies that the plants can resist 
the pesticide stress at 5.0 and 7.5 mL L

-1
 as no significant 

mean difference was observed at these concentrations 
(Tables 3 to 5). The shoot heights of plants grown under 
cypermethrin at 5.0 and 7.5 mL L

-1
 were recorded as 

10.74 ± 0.05 and 8.48 ± 0.02 cm, respectively while for 
fenvalerate at 5.0 and 7.5 mL L

-1
 shoot heights were 9.86 

± 0.05 and 9.66 ± 0.05 cm, respectively. This result 
clearly illustrates that plants under 5.0 and 7.5 mL L

-1
 of 

pesticides showed no much difference as compared to 
plants in control with shoot heights of 9.12 ± 0.06 cm.  
 
 
Biomass and moisture content 
 
Biomass reduction of shoots after 35 days of seedling 
inoculation displayed similar trends with shoot heights. 
Biomass of plants in control was calculated to be 7.403 g, 
and the moisture content was recorded as 84.141%. 
Maximum biomass was recorded at 2.5 mL L

-1
 

concentration of cypermethrin (5.324 g) and fenvalerate 
(5.517 g). However, with a further increase in pesticide 
concentration, there was a declining trend in biomass for 
both cypermethrin and fenvalerate. However, there is a 
gradual declining trend in the moisture contents of plants 
under the treatment of cypermethrin and fenvalerate. The 
moisture content recorded at  the  recommended  dosage
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Table 3. Multiple comparison tests and mean difference between the shoot lengths of C. sativum under cypermethrin stress after 15 days 
and 35 days of seedling inoculation. 
 

Parameter 

(mL L
-1

) 

After 15 days of seedling inoculation 

Control 1.0 mL L
-1

 2.5 mL L
-1

 5.0 mL L
-1

 7.5 mL L
-1

 10.0 mL L
-1

 12.5 mL L
-1

 

Control 0 0.75 ± 0.31 0.07 ± 0.26 0.09 ± 0.24 0.43 ± 0.3 0.91 ± 0.2* 2.08 ± 0.25 

1.0  2.51 ± 1.43 0 0.68 ± 0.32 0.84 ± 0.31 1.18 ± 0.36 1.66 ± 0.28* 2.83 ± 0.32* 

2.5  2.31 ± 1.31 4.82 ± 1.06* 0 0.16 ± 0.26 0.5 ± 0.32 0.98 ± 0.23* 2.15 ± 0.27* 

5.0  1.67 ± 1.21 4.18 ± 0.94* 0.64 ± 0.73 0 0.34 ± 0.3 0.82 ± 0.2* 1.99 ± 0.25* 

7.5  0.61 ± 1.52 1.9 ± 1.31 2.92 ± 1.17 2.28 ± 1.06 0 0.48 ± 0.28 1.65 ± 0.31* 

10.0  3.87 ± 1.23 1.36± 0.96 6.18 ± 0.76* 5.54 ± 0.58* 3.26 ± 1.08 0 1.17 ± 0.22* 

12.5  4.89±1.26* 2.38±0.1 7.2±0.81* 6.56±0.63* 4.28±1.11 1.02±0.66 0 

   After 35 days of seedling inoculation   
 

Shoot heights of C. sativum at *P < 0.05 (ANOVA). The results are expressed as the means ± standard deviations of three independent replicates. 
 
 
 

Table 4. Multiple comparison tests and mean difference between the shoot lengths of C. sativum under fenvalerate stress after 15 days 
and 35 days of seedling inoculation. 
 

Parameter 

(mL L
-1

) 

After 15 days of seedling inoculation 

Control 1.0 mL L
-1

 2.5 mL L
-1

 5.0 mL L
-1

 7.5 mL L
-1

 10.0 mL L
-1

 12.5 mL L
-1

 

Control 0 0.19 ± 0.23 0.23 ± 0.18 0.53 ± 0.26 1.61 ± 0.2* 1.65 ± 0.23*
 

1.88 ± 0.48 

1.0  1.95 ± 1.21 0 0.42 ± 0.17 0.72 ± 0.25 1.8 ± 0.19*
 

1.84 ± 0.22* 2.07 ± 0.48* 

2.5  3.53 ± 1.41 5.48 ± 0.89* 0 0.3 ± 0.2 1.38 ± 0.12* 1.42 ± 0.16* 1.65 ± 0.45 

5.0  0.81 ± 1.31 2.76 ± 0.74 2.72 ± 1.03 0 1.08 ± 0.22* 1.12 ± 0.25* 1.35 ± 0.49 

7.5  0.65 ± 1.17 2.60 ± 0.44* 2.88 ± 0.84 0.16 ± 0.67 0 0.04 ± 0.19 0.27 ± 0.46 

10.0  2.87 ± 1.3 0.92 ±0.71 6.40 ± 1* 3.68 ± 0.87* 3.52 ± 0.64* 0 0.23 ± 0.47 

12.5  4.87 ± 1.16* 2.92 ± 0.41* 8.40 ± 0.82* 5.68 ± 0.65* 5.52 ± 0.27* 2 ± 0.61 0 

   After 35 days of seedling inoculation   
 

Shoot heights of C. sativum at *P < 0.05 (ANOVA). The results are expressed as the means ± standard deviations of three independent replicates. 
 
 
 

Table 5. Multiple comparison tests and mean difference between the shoot lengths of C. sativum under Chloropyriphos stress after 15 
days and 35 days of seedling inoculation. 
 

Parameter 

(mL L
-1

) 

After 15 days of seedling inoculation 

Control 1.0 mL L
-1

 2.5 mL L
-1

 5.0 mL L
-1

 7.5 mL L
-1

 10.0 mL L
-1

 12.5 mL L
-1

 

Control 0 0.97 ± 0.24* 1.93 ±0.28* 2.09 ± 0.21* 2.27 ± 0.24* 2.55 ± 0.26* 2.93 ± 0.2* 

1.0  5.05 ± 1.15* 0 0.96 ± 0.29 1.12 ± 0.22* 1.30 ± 0.25* 1.58 ± 0.26* 1.96 ± 0.2* 

2.5  6.57 ± 1.15* 1.52 ± 0.1* 0 0.16 ± 0.26 0.34 ± 0.28 0.62 ± 0.3 1 ± 0.25* 

5.0  6.89 ± 1.15* 1.84 ± 0.12* 0.32 ± 0.14 0 0.18 ± 0.22 0.46 ± 0.23 0.84 ± 0.17* 

7.5  6.97 ± 1.16* 1.92 ± 0.14* 0.4 ± 0.15 0.8 ± 0.17 0 0.28 ± 0.26 0.66 ± 0.2 

10.0  8.03 ± 1.15* 2.98 ± 0.09* 1.46 ±0.11* 1.14 ± 0.13* 1.06 ± 0.14* 0 0.38 ± 0.22 

12.5  8.27 ± 1.15* 3.22 ± 0.09* 1.7 ± 0.11* 1.38 ± 0.13* 1.3 ± 0.14* 0.24 ± 0.1 0 

   After 35 days of seedling inoculation   
 

Shoot heights of C. sativum at *P < 0.05 (ANOVA). The results are expressed as the means ± standard deviations of three independent replicates. 
 
 
 

of 2.5 mL L
-1

 concentration of cypermethrin and 
fenvalerate was calculated to be 75.8 and 73.68%, 
respectively.  Since early mortality was observed for 
plants under chlorpyriphos stress, its harvest was 
negligible at the end of the study period. Therefore, 
biomass and moisture content for these plants  could  not 

be estimated (Table 6). The present study is in 
agreement with Carrascosa et al. (2015) who also 
reported biomass reduction of plants treated with 
fenamiphos and oxamyl nematicides; however, with the 
application of organic or bio-pesticides with nematophagous 
fungi  augmented with neem paste displayed a significant
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Table 6. Biomass and moisture content of Coriandrum sativum under cypermethrin and fenvalerate stress. 
 

Pesticide 
concentration (mL L

-1
) 

Biomass content of shoot (in g)  Moisture content of plant (in %) 

Cypermethrin Fenvalerate  Cypermethrin Fenvalerate 

Control (0)  7.403  84.141 

1.0  0.835 0.721  77.48 81.27 

2.5  5.324 5.517  75.80 73.68 

5.0  3.006 4.329  68.82 70.24 

7.5  1.825 1.677  60.27 61.24 

10.0  1.388 0.907  48.55 37.81 

12.5  0.116 0.651  43.96 28.57 

 
 
 
increase in the biomass content. Therefore, pesticide-
contaminated fields should be substituted by bio-fertilisers 
and bio-pesticides to reduce the harmful effects of the 
pesticides and restore the soil nutritive value as well as 
soil microbiota which play a pivotal role in plant growth, 
nutrient uptake and other functioning. 
 
 
Conclusion 
 
The study revealed that among the three different 
pesticides used, chlorpyriphos proved lethal to C. sativum 
at the recommended dosage of 2.5 mL L

-1
, thereby 

causing substantial mortality of plants before the 
maturation stage. However, cypermethrin and fenvalerate 
enhanced the growth of plants at 2.5 mL L

-1
, but with an 

increase in the pesticide concentration, there was a 
significant gradual decline in the plant growth 
parameters. The most striking results of the study 
revealed that on increasing the pesticide concentration to 
5.0 and 7.5 mL L

-1
, no marked difference in plant 

productivity was observed as compared to plants in 
control. The study establishes an optimal pesticide 
window range of 5.0 ± 2.5 mL L

-1
, which did not cause 

any adverse effects in the growth parameters of C. 
sativum. As pesticides concentration elevates in the soil 
due to its longer retention capacity, subsequent cropping 
on the same cultivable land causes retardation in plant 
growth even if the soil is highly fertile and conducive for 
farming. Abiding by the recommended pesticide dosage 
is, therefore, the key for enhancing and maintaining good 
productivity and vigour of crops. 
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