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Abstract: India is an agrarian country. The pace in the use of agricultural pesticides has increased significantly over the decades. In 2020-21, 
Maharashtra (13243 tonnes) and Uttar Pradesh (11557 tonnes) would have the highest pesticide use, while Punjab (5193 tonnes) and 
Haryana (4050 tonnes) pesticide consumption slowly decreased as compared to last year. The states of Punjab, Uttar Pradesh, Maharashtra, 
Haryana, and Andhra Pradesh consumed 70% of all pesticides. Maximum pesticide usage is harmful to humans, animals, and plants. Many 
researchers discovered pesticide residue even in fishes (37.56 mg l , 38.38 ng g , 101.28 ng g ), and mother milk (43.40±0.064 mg kg , -1 -1 -1 -1

33.33±0.055 mg kg , 3.45±0.022 mg kg ) which is an alarming situation. In this review, we try to analyze and draw the full picture related to the -1 -1

excessive usage of pesticides in different states of India and their hazardous impacts on the human body, water, and the environment.
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The economy of India is predominantly based on 

agriculture which contributes around 18% to the total GDP 

(Singh and Neog 2020). Pests are estimated to cause a US 

$42.66 million annual loss of agricultural production in India 

(Subash et al 2017). Diseases (26%), insects (20%), rodents 

and birds (10%), weeds (33%), and some other reasons are 

the roots of this loss (Chauhan et al 2018). Around 30,000 

species of weeds, 10,000 species of plant-eating insects, 

and 3,000 species of nematodes are known to affect crops. 

Moreover, the land under cultivation is also decreasing due to 

a significant rise in urbanization. The use of pesticides plays 

a key role in improving agricultural productivity (average crop 

yields per hectare) by reducing crop losses due to insects, 

pests, pathogens, and weeds. This ensures security for rising 

food demand driven by the continuously growing population, 

overcoming the problem of reducing arable land, and 

generating revenues for farmers (Pawlak and Kołodziejczak 

2020, Barrett 2021). The significance of pesticides in 

agricultural production has led to their unregulated and 

uncontrolled usage depending on monsoons, pest attack 

incidence, and inadequate knowledge about usage and 

hazards of pesticides among farmers. The indiscriminate use 

of pesticides in improving productivity has resulted in the 

contamination of the environment, agricultural output foods, 

and bioaccumulation in animals and humans (Kumar et al 

2019, Sharma et al 2020, Mishra et al 2021, Rajput et al 

2021). The problem will get worse in the future as new pests, 

weeds and diseases will attack crops which will further 

increase the use of pesticides and demand for new forms of 

pesticides. The well-established correlation between 

pesticide contamination and hazardous effect on the 

environment and human health has necessitated the need 

for new effective and ecologically acceptable methods for 

pest control.

State-wise pesticide consumption in India: According to 

the Ministry of Agriculture and Farmers Welfare, Department 

of Agriculture, Cooperation and Farmers Welfare, 

Directorate of Plant Protection, Quarantine and Storage, the 

consumption of pesticides in India was 62193 tonnes during 

the year 2020-2021. The consumption of pesticides has 

gradually increased over the years. It has shown a sharp 

increase from 434 tonnes in the year 2000 to 62193 tonnes in 

2021 (GOI 2021).

Similarly, per hectare consumption of pesticides has 

also increased over the years. It has grown to 600 grams per 

hectare in 2020 from 290 grams per hectare in 2014-2015 

(Subash et al 2017). The increase in both total as well as per 

hectare consumption is corroborated by an increase in 

domestic production and imports of pesticides (State of 

Agriculture). At the global level, per hectare, pesticide 

consumption of India is low (600g) as compared to Japan 

(12kg), China (12 kg), United Kingdom (7 kg), and Germany 

(3kg) (Koli and Bhardwaj 2018, Parajuli et al 2021). In India, 

Maharashtra is the leading consumer of pesticides and the 

2020-2021 consumed 13,243 tonnes of pesticide which 

accounts for 21.2% share of the total consumption (Table 1). 

Other leading consumer states include Uttar Pradesh, 

Punjab, Telangana, Haryana, West Bengal, and Jammu & 

Kashmir (Subash et al 2018, GOI 2021). A sharp increase in 

consumption has been observed in Jharkhand, Nagaland, 



and Jammu, and Kashmir between 2016-2017 and 2020- 

2021 (GOI 2021). The per hectare consumption of pesticide 

is highest in Punjab (0.74 kg), followed by Haryana (0.62 kg) 

and Maharashtra (0.57 kg) during 2016-17 while the 

consumption levels were lower in Rajasthan, Madhya 

Pradesh, Karnataka, and Bihar (Sharma et al 2016, Subash 

et al 2017).

In India, pesticide consumption from 2016-2021, the 

maximum pesticide consumption was the 2020-21 

meanwhile minimum consumption was in 2016-2017 

(DAC&FW 2017, GOI 2021). Pesticides have proven to be a 

boon to farmers, increasing agricultural yields by a huge 

margin and providing innumerable benefits to society in 

terms of food security, both directly and indirectly (Mishra et 

al 2021). The recent increase in pesticide use is said to be 

because of the higher use of herbicides as the cost of manual 

weed control has risen due to an increase in agricultural 

wages (Dhaliwal et al 2000, Subash et al 2017).

States/UTs Total pesticide consumption (tonnes) 

2016-17 2017-18 2018-19 2019-20 2020-21

Andhra Pradesh 2015 1738 1689 1559 1559

Bihar 790 840 850 850 995

Chhattisgarh 1660 1685 1770 1672 1639

Goa* 22 24 25 30 30

Gujarat 1713 1692 1608 1784 1573

Haryana* 4050 4025 4015 4200 4050

Himachal Pradesh 341 467 322 881 56

Jharkhand 541 619 646 681 1161

Karnataka 1288 1502 1524 1568 1930

Kerala 895 1067 995 656 585

Madhya Pradesh 694 502 540 540 691

Maharashtra 13496 15568 11746 12783 13243

Orissa 1050 1633 1609 1115 1158

Punjab 5843 5835 5543 4995 5193

Rajasthan 2269 2307 2290 2088 2330

Tamil Nadu 2092 1929 1901 2225 1834

Telangana 3436 4866 4894 4915 4986

Uttar Pradesh 10614 10824 11049 12217 11557

Uttarakhand 198 210 195 224 135

West Bengal 2624 2982 3190 3630 3630

Assam 306 241 256 410 420

Nagaland* 20 20 21 19 36

Jammu and Kashmir* 2188 2430 2459 2198 3352

Total 58145 63006 59137 61240 63143

Table 1. Consumption of chemical pesticides in various states/Union territories (GOI 2021)

Source: States/UTs Zonal Conferences on Inputs (Plant Protection) for  and  SeasonsRabi Kharif 
*Figures of 2019-20 for this State have been taken from inputs provided by the States/UTs during Zonal Conference (PP) for  2020-21 SeasonRabi,

In 2020-21, 38% cereals, 10% pulses and oilseeds, 14% 

cash crop, 11% vegetables, 9% fibres, 4% fruits, 3% other, 

and 1% in plantation was used pesticide for production. In 

2019-20, 37% cereals, 11% pulses and oilseeds, 12% cash 

crop, 10% vegetables, 11% fibres, 5% fruits, 2% other, and 

1% in plantation was used pesticide for production (  2). Table

In 2018-19, 39% cereals, 13% pulses, 11% cash crop and 

oilseeds, 9% vegetables, 8% fibres, 6% fruits, 2% other, and 

1% in plantation was used pesticide for production. In 2017-

18, 34% cereals, 14% pulses, 9% cash crop and vegetables, 

13% oilseeds, 12% fibres, 5% fruits, 3% other, 1% in 

plantation was used pesticide for production. During 2016-

17, 40% cereals, 13% pulses, 12% cash crop, 11% oilseeds, 

10% vegetables, 9% fibres, 2% fruits and other, 1% in 

plantation was used pesticide for production (Bodh and 

Yadav 2020, GOI 2021).

3% of the cost of cotton cultivation, 1.9% of rice 

production, and even less of wheat (0.7%) and sugar cane 
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Crops 2016-17 2017-18 2018-19 2019-20 2020-21*

Cereal 18356 15674 17270 14937 17149

Vegetable 4683 4186 3845 3870 4773

Pulse 5837 6594 5759 4390 4567

Oilseed 4979 5707 4881 4565 4723

Fruit 1194 2171 2449 2242 1665

Plantation 327 420 432 310 338

Cash Crop 5429 4144 4995 4832 6090

Fibre 4128 5336 3567 4281 4006

Other 892 1563 1055 861 1388

Table 2. Demand of chemical pesticides on commodity basis (in million tonnes)

*The Commodity-wise data for 2020-21 has been provided by 17 States in Zonal Conference agenda for Kh,2021 (As on 31.03.2021)
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Fig. 1.  Trend in total consumption of pesticides (GOI 2021)

production was made up of pesticides (0.3 percent). 

According to statistics published by the Agricultural Input 

Survey (AIS), Cotton (66.70%), followed by Arhar (64.74%), 

Jute (53.27%), and Rice (48.62%) accounted for the largest 

share of the pesticide area in 2011-12 (Subash et al 2017, 

GOI 2021) with the introduction of Bt seed. 

Quantitative Analysis of Pesticide Consumption in India

In agriculture, there has been wide use of pesticides to 

enhance crop yield by saving or losses caused by the pest. 

Availability of financial help at a low interest rate has also 

resulted in a hike in the use of pesticides (Krishnakumar 

2019, Damalas and Koutroubas 2020). Pesticides are 

applied at the cultivation time as well as storage time of cereal 

grains, vegetables, and fruits. The indiscriminate and 

irrational use of pesticides is resulting in the accumulation of 

pesticides in food products and the environment. Some of the 

pesticides or their derived compounds are accumulated in 

the plant including the plant product (fruits, grains, nuts, 

vegetable oils, and vegetables) (Grewal 2017, Albuquerque 

et al 2020). This has finally led to the bio-magnification of 

pesticide residues in the food chain. Pesticide residues have 

been detected in fish, humans. Thus, bioaccumulation of 

pesticides is a serious concern. To keep a check on the 

quality of food or feed being consumed, the government, as 

well as other organizations, have set a maximum residue 

level (MRL) for every pesticide (Abhilash et al 2009, Charon 

et al 2019, Crépet et al 2021). Different countries have 

different authorities to regulate MRL values for different 

pesticides. At the global level, the MRL value remains 

variable. In India, the MRL value of crops, fruits, vegetables, 

grains, and other consumed food is set by the Food Safety 

and Standards Authority of India (FSSAI) (Li 2018, Koli and 

Bhardwaj 2018).

Water sampling collected from three locations (Palur 
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Bridge, Daya River Estuary, and Makara River) that revealed 

organochlorinated (OC) pesticide residues were found in 

nearly a quarter of the water samples (Kunwar et al 2021). 

So, Hexachlorocyclohexane (HCH) (&), DDD (Di-chlorodi 

phenyl di-chloro ethane) (op|), DDE (di-chloro di-phenyl di-

chloro ethylene) (op|&pp.|), and heptachlor were detected in 

concentrations ranging from 0.025 to 23.4 g l . None of the -1

eight synthetic pyrethroid (SP) pesticides were detected in 

water, however chlorpyrifos (0.019–2.73 g l ) and dichlorvos -1

(0.647 g l ) were discovered among the organophosphates -1

(OP) (Nag et al 2020). Fish samples were found to be 55 

percent polluted, predominantly with OCs and OPs residues 

and less with SPs. However, because their concentrations 

were below the allowable limit, there is no immediate harm for 

human health (Dey et al 2021, Kunwar et al 2021a). Sharma 

et al 2020 stated that in north-western Himalayan region, 

mother milk was contaminated with pesticide residue such as 

p-p'- DDE was found in  Sub-mountainous subtropics range 

of 43.40±0.064 mg kg , Sub-humid foot hill is 33.33±0.050 -1

mg/kg, wet, temperate high hill is 3.45±0.022 mg kg , p-p'- -1

DDT found in range of Sub-humid foot hill (1.96±0.018 mg kg-

1 -1), and wet, temperate high hill (3.45±0.010 mg kg ) (Table 3). 

Kumar et al 2020 reported that in tomato and okra pesticide 

residue was found near Navsari district, Gujarat such as 

Tomato (92.54 ng g (acetamiprid), 87.17 ng g  -1 -1

(tebuconazole) and Okra (86.10 ng g  (acetamiprid), 85.94 -1

ng g (tebuconazole). There are a lot of growing reports -1 
on the presence of pesticides in breastmilk samples from 

India. Organochlorines, organophosphate, and pyrethroid 

pesticides have been detected in human breastmilk from the 

population of Haryana (Mehta et al 2020). Pesticides have 

been also detected from cow milk, packaged water and soft 

drinks (Bunch et al 2003, Năstăsescu et al 2020, Tsakiris et al 

2021). Some more pesticide residue report in research 

articles such as: 

Implications of heavy use of pesticides: In humans, the 

bioaccumulation of pesticides is through inhalation or dermal 

exposure at the pesticide production unit, at the time of use in 

the fields, consumption of food containing pesticides like 

agricultural food, fish, or meat chain or passed to infants 

through breast milk feeding. Occupational exposure has 

higher chances of resulting in bioaccumulation in humans. 

Owing to the lipophilic character of pesticides, they usually 

get in stored in adipose tissue (Pyka and Miszczyk 2005, 

Dhaliwal et al 2010). Toxicity effects of a pesticide are a factor 

of quantity and toxicological metabolized properties of 

pesticide. Organophosphates and pyrethroids are readily by 

enzymes in the body, so they do not get stored or 

accumulated. Bioaccumulation in humans build to harmful 

levels is associated with hazardous short as well as long-

term effects (Sharma et al 2020, Rani et al 2020, Hassaan 

and El Nemr 2020). There is a great possibility binding to 

acetylcholinesterase of the target pest finally leads to the 

immune system. The mechanism of work of many pesticides 

which that the human nervous system will be also affected by 

the accumulation of pesticides in their body because of 

common brain chemistry (Sharma et al 2020, Amenyogbe et 

al 2021).

Ecological effects: The concentrations of organochlorine 

pesticides (OCPs) in the soil were compared with relevant 

soil environmental recommendations for ecological risk of 

OCPs in the soil to estimate the possible ecological danger of 

OCP residues in the soil. As a consequence, our findings 

were compared to soil quality requirements recommended 

by the Canadian government, the National Oceanography 

and Atmospheric Administration (NOAA) of the United 

States, the Italian government, and the Chinese government 

(Kumar et al 2018). DDT (Dichlorodiphenyltrichloroethane) 

concentrations of up to 1200 ng g  in commercial and -1

industrial soil and 700 ng g  in residential and agricultural soil -1

are allowed by the Canadian government (Chakraborty et al 

2017). Hexachlorocyclohexane (HCH) levels in agricultural 

soil should range from 50 ng g  to 2000 ng g  in residential -1 -1

soil, according to NOAA (Devi et al 2015, Chakraborty et al 

2017). The concentrations of HCH and DDT in all soil 

samples in our investigation were lower than the Canadian 

government's and NOAA's suggested guideline ranges. In 

residential and recreational zones, permissible soil 

concentration limits for aldrin, dieldrin, and endrin are set at 

10 ng/g by Italian environmental legislation (Qu et al 2017). 

Endrin concentrations in eight soil samples and dieldrin 

concentrations in three soil samples were found to be higher 

than the Italian government's limit of 10 ng g  in our study. -1

The Chinese government defined soil quality as low 

contaminated (less than 50 ng g ), lightly polluted (50–500 ng -1

g ), moderately polluted (500–1000 ng g ), and seriously -1 -1

polluted (more than 1000 ng g ) based on HCH and DDT -1

concentrations (Kumar et al 2018, Gereslassie et al 2019, 

Joseph et al 2020). The amounts of HCH and DDT in all of the 

soil samples in this investigation fell into the low to moderate 

contaminated category, according to Chinese government 

recommendations. For the protection of plants, 

invertebrates, small birds, and mammals, the maximum 

permitted concentrations of DDTs in soil are 10, 11 and 190 

ng g , respectively (Yu et al 2013, Qu et al 2015).The -1

common method of pesticide application is spraying over 

crops. When the crop is irrigated or rain occurs after the 

application, the pesticides leach into the soil and finally reach 

the groundwater. This results in contamination of both soil 

and water with pesticides. Synthetic pesticides have a very 
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Sample Sites Analytical ethodm Major indingf Pesticide Reference

Ground water Thiruvallur 
district, India

Value (μg L ) (Structure)-1

0.1-0.8 (op-DDT)
0.9-3.7 (pp-DDT)

DDT Jayashree 
and 
Vasudevan 
2007

0.1-1.8 ES)(α
0.3-3.8 (β ES)

Endosulfan

0.02-1.5 (α HCH)
0-0.5  HCH)(β
O.1-2.3 (γ HCH)
0-0.9  HCH)(δ

HCH

Pink lady apple LC- MS Value (mg kg ) (Sample Processing)-1

6 (No wash)
3.5 (lukewarm wash)
2 (Salted water wash)

Diphenylamine Dasika 2012

8 (No wash)
5 (lukewarm wash)
4 (Salted water wash)

Phosmet

0.14 (No wash)
0.1 (lukewarm wash)
0.08 (Salted water wash)

Chlorpyrifos

0.9 (No wash)
0.7 (lukewarm wash)
0.6 (Salted waterwash)

Malathion

Pear LC- MS 6.1 (No wash)
4.3 (lukewarm wash)
3.4 (Salted water wash)

Diphenylamine Dasika 2012

3 (No wash)
2.1 (lukewarm wash)
1.8 (Salted water wash)

Imazalil 

11 (No wash)
8.9 (lukewarm wash)
8.8 (Salted water wash)

Phosmet 

0.6 (No wash)
0.3 (lukewarm wash)
0.2 (Salted water wash)

Chlorpyrifos

Guava LC- MS 4.8 (No wash)
2.2 (lukewarm wash)
1.2 (Salted water wash)

Diphenylamine Dasika 2012

4.2 (No wash)
3.6 (lukewarm wash)
3.4 (Salted water wash)

Imazalil 

9.3(No wash)
7.9 (lukewarm wash)
7.2 (Salted water wash)

Phosmet 

0.43 (No wash)
0.28 (lukewarm wash)
0.18 (Salted water wash)

Chlorpyrifos

Indian egg plant LC- MS 9.8 (No wash)
5.3 (lukewarm wash)
4.4 (Salted water wash)

Diphenylamine Dasika 2012

4.2 (No wash)
2.5 (lukewarm wash)
1.8 (Salted water wash)

Imazalil 

9 (No wash)
8. (lukewarm wash)
6.8 (Salted water wash)

Phosmet 

1.4 (No wash)
1 (lukewarm wash)
0.8 (Salted water wash)

Chlorpyrifos 

Chinese egg plant 2.2 (No wash)
1.9 (lukewarm wash)
1.5 (Salted water wash)

Endosulfan Dasika 2012

Table 3. Pesticide residue in different samples

Cont...
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Sample Sites Analytical ethodm Major indingf Pesticide Reference

9.8 (No wash)
7.3 (lukewarm wash)
6.1 (Salted water wash)

Diphenylamine

3.8 (No wash)
2.9 (lukewarm wash)
2.4 (Salted water wash)

Imazalil

9.3 (No wash)
6.9 (lukewarm wash)
6.4 (Salted water wash)

Phosmet

Vegetables and Fruits Bangalore Rural 
District

Value (mg/kg) (Sample)
0.057-2.818 (Potato)
0.05-2.241 (Tomato)
0.003-0.009 (Grapes)

Endosulfan Ramesh and 
Murthy 2013

0.013-0.372 (Potato)
0.04-0.078 (Tomato)
0.039-0.068 (Grapes)

MethylParathion

0.115-0.513 (Potato)
0.02-2.047 (Tomato)

Malathion 

0.01-0.09 (Potato)
ND (Tomato)

Chlorpyrifos

0.003-0.009 (Grapes) Acephate

0.039-0.068 (Grapes) Cypermethrin

Mango and Grapes HPLC Value ( g kg ) (Collection area)μ -1

Mango
13.64± 0.43 (Garden)
10.65± 0.28 (Local market)
8.54± 0.55 (Reliance fresh)
Grapes
14.85± 0.34 (Garden)
11.27± 0.50 (Local market)
8.63± 0.24 (Reliance fresh)

Methyl 
parathion

Rao and
Kumar
2012

Mango
7.38± 0.34 (Garden)
6.39± 0.67 (Local market)
5.35± 0.28 (Reliance fresh)
Grapes
9.37± 0.09 (Garden)
8.81± 0.64 (Local market)
7.67± 0.45 (Reliance fresh)

Fenvalerate

Ornamental Plants (Pakkam, 
Thiruvallur 
district, Chennai, 
Tamil Nadu)
Depth of Soil
Surface Soil (0-15 
cm)
Sub-surface soil 
(15-30 cm)
Sub-surface soil 
(30-40 cm)

GC Value (mg kg ) (Collection range)-1

1.42±0.16 (0-15cm)
0.6±0.14 (15-30cm)
1.5±0.28 (30-40 cm)

α-Endosulfan Odukkathil & 
vasudevan 
2016

1.28±0.04 (0-15 cm)
0.3±0.14 (15-30 cm)
0.9±0.14 (30-40 cm)

β-Endosulfan

ND (0-15 cm)
0.0005±0.54 (15-30 cm)
ND (30-40 cm)

α-BHC(mg/g)

ND (0-15 cm)
ND (15-30 cm)
ND (30-40 cm)

γ-BHC(mg/g)

ND (0-15 cm)
ND (15-30 cm)
0.013±0.21 (30-40 cm)

β-Cyfluthrin

Table 3. Pesticide residue in different samples

Cont...
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Sample Sites Analytical ethodm Major indingf Pesticide Reference

Rice GC 4.6±0.14 (0-15 cm)
1.4±0.28 (15-30 cm)
1.3±0.28 (30-40 cm)

α-Endosulfan Odukkathil and 
vasudevan 2016

3.1±0.08 (0-15 cm)
0.63±0.25 (15-30 cm)
0.34±0.04 (30-40 cm)

β-Endosulfan 

0.39±0.06 (0-15 cm)
0.23±0.18 (15-30 cm)
ND (30-40cm)

α-BHC

0.3±0.44 (0-15 cm)
Nil (15--30 cm)
Nil (30-40 cm)

γ-BHC

ND (0-15 cm)
ND (15-30 cm)
6.64±0.0 (30-40 cm)

β-Cyfluthrin

Mother Milk North- western, 
Himalayan Region
Zone I: Sub-
mountainous 
subtropics
Zone II: Sub-humid foot 
hill
Zone III: Wet, 
temperate high hill
Zone IV: Dry and 
temperate high hill

GC-MS Value (mg kg )-1

Zone I
43.40±0.064
Zone II
33.33±0.050
Zone III
3.45±0.022
Zone IVNil

p-p'- DDE Sharma et al 
(2020)

Zone I Nil
Zone II
1.96±0.018
Zone III
3.45±0.010
Zone IV Nil

p-p'- DDT

Tomato Navsari District, 
Gujarat

GC-ECD/LC-MS/MS Value (ng kg )-1

92.54
Acetamiprid Kumar et al (2020)

87.17 Tebuconazole

Okra 86.10 Acetamiprid

85.94 Tebuconazole

Andrographispani
culata (kalmegh)

Coimbatore(Tamil 
Nadu)

GC-ECD/FPD 72.3 Chlorpyriphos Saha et al (2020)

Maharashtra 
(Ahmednagar)

79.3 Deltamethrin

Water (A) Tapi River, Gujarat GC 0.86 mg L  (A)-1

Nil (B)
0.392 ng g  (C)-1

Chlorpyrifos Hashmi et al 
(2020)

Sediment (B) 0.43 mg L  (A)-1

0.77 ng g  (B)-1

3.49 ng g  (C)-1

Methyl parathion

Fish (C) 37.56 mg L  (A)-1

38.38 ng g  (B)-1

101.28 ng g  (C)-1

Endosulfan

Carrot Karnataka, India HPLC Value (mg kg )-1

86.4 
Acephate Gowdaand 

Ramesh (2020)

94.6 Chlorpyriphos

92.2 Dichlorvos

92.1 Phorate

86.9 Cyfluthrin-β

88.8 Fenvalerate

Table 3. Pesticide residue in different samples
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Fig. 2. Prevention of pesticide consumption

low rate of degradation and remain persistent pollutants of 

the environment. Contaminated soil results in damage to the 

microflora and other soil organisms like nematodes 

(earthworms) which play important role in the fertility of the 

soil. Pesticide residues have been reported to cause a 

decline in amphibians. Kittusamy et al (2014) reported the 

presence of pesticide residue to be a reason for deformity in 

frogs.

Overuse of Pesticides: Prevention Strategy

The implementation of appropriate remedial measures 

aids in the reduction of pesticide toxicity and other health 

issues associated with pesticide use. The government is 

concerned about the negative effects of pesticides on human 

health and has taken several steps to address this, including 

banning most toxic pesticides, implementing a national 

implementation plan, implementing integrated pest 

management, and limiting the use of toxic chemicals (Yadav 

et al 2015). The irrational use of pesticides resulting in 

hazards to animals and the environment can be reduced by 

practising (Fig. 2) the following strategies:

Awareness of pesticide use: Farmers are unaware of the 

dangers of severe pesticide poisoning, but it is vital to 

underline the long-term impacts, which can cause a variety of 

neurological illnesses. Farmers are unfamiliar with the usage 

of contemporary pesticide spraying techniques (Ali et al 

2020; Bant et al 2020). In India, Modern technology has been 

adopted by certain educated farmers, the majority of farmers 

are unable to do so due to a lack of education or money. 

Farmers are now required to be trained by agricultural 

producing firms because they are the primary users of the 

crops. This knowledge aids in the creation of local training 

programmes tailored to the needs of farmers. Farmers ignore 

health and environmental hazards in their pursuit of 

controlling pests and increasing productivity (Ataei et al 

2021, Rani et al 2020).

Rational use of pesticides (RUP): RUP focused mostly on 

the subset of IPM (Integrated Pest Management) and 

integrated Crop management (ICM), which aims to mitigate 

the negative effects of pesticide use via improved specificity 

and accuracy in pesticide usage with space and time of the 

products themselves. The benefits of RUP are boosted by 

combining all three, and the prospective benefits include 

lower costs (for pesticides as well as labour), reduced 

environmental impact (by more efficient spray application 

and use of selective chemicals such as biopesticides), and 

improved safety (Gupta et al 2010, Rani et al 2020). Thus,  

farmers were able to found accurate use of dosages and 

frequency of application of pesticides for controlling 

pesticides (GC and Palikhe 2021, Sarker et al 2020).   

Green alternative approach: Organic farming is an 

environmentally adaptable approach, which is based on 

growing plants that have pest repellent properties. The most 

important aspect of organic farming is to inspire and increase 

organic cycles within agriculture structures in order to 

preserve and enhance extended soil fertility, minimise all 

types of hazards caused by fertiliser and pesticide use, and 

harvest food of superior quality in sufficient quantities. 

Pesticide residues in the food can be reduced by eating 

organic foods (Thakur et al 2020). Organic crops have more 

antioxidants, and greater intake of antioxidant-rich diets 

protects against long-term illnesses including cardiovascular 

disease, cancer, and neurological diseases (Garay et al 

2020).

Bio-processes: Bioremediation is a crucial approach for 

removing pesticides from polluted areas. It has been 

regarded as an environmentally beneficial and economically 

viable method of cleaning the environment. It also doesn't 

produce any harmful byproducts. Microorganisms are often 

useful during the bioremediation process in converting 

pesticides into non-toxic chemicals, and as a result, their 

widespread usage has been recorded for the onsite 

breakdown of pollutants present in environmental systems. 

Microorganisms capable of degrading pesticides are 

commonly isolated from sludge, dirt, or aqueous solutions 

such as bio-pesticide, bio-fertilizers, etc (Tian et al 2018, 

Sharma et al 2016a, Zhu et al 2016). Furthermore, pesticide 

biodegradation has been done using a variety of fungal 

strains and bacteria (Maqbool et al 2016). Bioaugmentation 

involves adding microorganisms to contaminated locations 
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with specified catabolic capacities or into a bioreactor to start 

the bioremediation process (Perelo 2010). In biostimulation, 

appropriate physiological conditions and nutrients must be 

provided for the proper growth of locally available microbes 

(Baker et al 2020, Fahad et al 2021, Kaur and Kaur 2020).

Implementation and amendment of pesticide-related 

laws: In India, the production of pesticides is governed by the 

Ministry of Chemical and Fertilizers, and their usage is 

monitored by the Ministry of Agriculture (Balkrishna et al 

2021). Pesticides should be strictly regulated, and the bill 

should include measures prohibiting the sale and use of 

Class I pesticides. The World Health Organization classifies 

pesticides as extremely dangerous (Class Ia) or very 

hazardous (Class Ib) based on acute toxicity (Class Ib) 

(Buckley et al 2021). A clause in the bill should make it 

unlawful for a pesticide manufacturer to sell a pesticide 

without providing personal protection equipment or safety 

gear. There should also be mechanisms and standard 

operating procedures in place for acute medical crises. 

Before a pesticide registration application is processed, the 

registration-related provisions of the pesticide should 

explicitly contain a need and alternatives assessment. The 

use of organochlorine pesticides has been banned in 1990 

but DDT, OCP, and HCH are still in use in India (Mehta 2020). 

India lacks defined government rules and regulations on the 

use of pesticides. Strict regulations should use be set by the 

government for the use of pesticides (Bonvoisin et al 2020, 

Hussin and Perbawati 2021). The proper test for efficacy, 

persistence, degradation rate, and toxicology of pesticides 

should be done before registering it legalized should be 

regular testing of environmental samples like soil and water 

to check for pesticide residues (Oudejans et al 2020).

CONCLUSION 

The intended use of pesticides was to enhance crop 

production but its indiscriminate and excessive use had led to 

severe implications for humans and the environment. The 

pesticide residues have been reported to be present in the 

agricultural product at a concentration that exceeds the 

maximum permissible limit and have contaminated soil and 

water components of the environment. They even have 

entered the food chain and thus have serious long-term 

consequences. In order to achieve the balance between 

enhanced crop yields and be a healthy environment, different 

strategies including integrated pest management should be a 

major part of our agricultural practices. A nation like India, 

where there is such a wide array of plants, desperately needs 

more organic fertilizer that can also be used for pesticide 

management. If we take small steps toward organic farming, 

then we will overcome the effect of pesticides.
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