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ABSTRACT 
 
The inappropriate and excessive use of agricultural pesticides now a day creating a major impact on the environment including human health causing 
contamination of soils, agricultural crops and groundwater. Chemical insecticides such as organochlorines, organophosphates, carbamates, pyrethroids, 
triazines are very important and effective in modern crop management but they pose serious threats to the human health, wildlife, natural environment 
and economic benefits. Therefore, the need to feed an ever-increasing global population combined with increasing demand for sustainable agricultural 
practices has geared a significant increase in demand for bio pesticides. Bio pesticides have various advantages over the chemical ones, most importantly 
they are found to be more cost effective make environment healthy. In this paper, the various chemical pesticides and bio pesticides are listed and application 
of bio pesticides as a safe pesticide used to control the pest in order to maintain the sustainability in the agricultural production was discussed. The paper has 
also described the transition of chemical pesticides to bio pesticides and their consumption demand in the Indian market across the states.  
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INTRODUCTION 
 
The population of the world is estimated to approx. 10 billion by 
2050 according to the United Nations. Therefore, the production of 
food will also increase by 70% and this will increase the demand to 
produce and sell more1. India is considered to be largest agrarian 
economy and has millions of people which are dependent on 
farming and its allied activities for a living. The bio 
technological advances, globalization, and international trade 
have all further increased the need to have more farm 
production in the country. Agriculture plays important role in 
growing population, food safety and health prospect with respect to 
use of pesticides and its resistance, depletion of the natural 
environment and dramatic change in the climate1. Also, it has been 
demarcated that excessive use of the chemical pesticides results in 
negative impacts on human health, wildlife, natural environment 
and economic benefits. Now days, in agriculture farming, the long-
established methods of farming method are being established where 
synthetic and chemical pesticides are replaced with organic and 
natural pesticides which in result leads to increasing yield and 
make ecofriendly environment. This new concepts of using organic 
pesticides are emerging greatly but there is a very little 
knowledge on the sources to obtain the same. 

 
This review is highlighting a new concept in agriculture which 
involves a substantial move from chemical pesticides towards 
organic pesticides that included bio pesticides and compounds. 
Recent findings related to health impact have been mainly 
associated with the use of synthetic and chemical pesticides, such as 
organochlorines, organophosphates, carbamates. But the use of 

organic pesticides is found to be safer and more ecofriendly2. The 
major impact on the health defines the urgent requirement of 
unconventional solutions which should be executed in agricultural 
approach for targeting sustainable development. 

 
Overview on Pesticides 
 
Pesticide refers to any substance used to control pests. The suffix –
cide is Latin for killer (pesticide means killer of pests). It is also 
defined as these are substances or mixtures of substances that are 
used to protect plants from pests or weeds and humans from malaria, 
dengue fever, and schistosomiasis etc. Most pesticides are found to 
be associated with environmental and health related issues. In fact, 
the use of some pesticides has been banned in agricultural practices. 
There are various parameters which determine the quality and use 
of pesticides such as type, duration and route of exposure of 
pesticide. Pesticides is known to be causing various human health 
related diseases like skin, olfactory, reproductive and intestinal 
diseases etc because of its accumulation in human and animal body 
fat. The reason may be due to regular uptake of pesticides residues 
in our everyday diet. Also, the proper cleaning of food items cannot 
completely remove the traces of pesticide residues2. They have also 
been identified in human breast milk samples, which is major 
concern for children health3. Firstly in 1962, famous scientist 
Rachel Carson published the risks associated to DDT 
(dichlorodiphenyltrichloroethane). Then US authorities also 
mentioned the cancelation of the pesticides for agricultural uses 
followed by 1983 EDB (ethylene dibromide) and methyl bromide 
in 2005. According to NAS, 1987 a certain fraction is carcinogenic 
as 18% of all insecticides and 90% fungicides were carcinogenic. 
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Therefore, there is the need of bio pesticides or bio active 
compounds. 
 
Pesticides can be classified by 
  
• Target organism (e.g., herbicides, insecticides, fungicides, 

rodenticides, and pediculicides),  
• Chemical structure (e.g., organic, inorganic, synthetic, or 

biological (bio pesticide), 
• Physical state (e.g. gaseous (fumigant),  
• Bio pesticides include microbial pesticides and biochemical 

pesticides. 
 
Another classification of pesticides that are based on a routine 
basis natural, synthetic, (inorganic, organic) and chemical 
 
Natural Pesticides 

 
Natural pesticides occur in nature. These are environmentally 
friendly, healthier or safer. e. g. pyrethrin insecticide extracted from 
Chrysanthemum plants and Azadirachtin, an extract from the neem 
tree. 

 
 
 

Synthetic Pesticides 
 

Synthetic pesticides are manmade and an inorganic 
fertilizer, not having the elemental carbon(C) e. g. 
Ammonium nitrate (NH4NO3), potassium chloride (KCl), 
sodium phosphate (Na3PO4), calcium sulfate (CaSO4). 

 
Inorganic insecticides 

 
It comprises of mineral origin and elemental sulphur. This 
included arsenate and fluorine compounds. As acaricides 
contain sulphur and rodenticides contains phosphorus. 

 
Organic insecticides  

 
That contains carbon and are different types as nerelstoxin 
isolated from annelids, Nicotinoids, pyrethroids, isolated from 
plants, organochlorines, organophosphorus and carbamate as 
synthetic organic insecticides 
 
Chemical Pesticides 

 
These are not beneficial to our health and garden health. 
Chemical as insecticides, fungicides, herbicides, rodenticides, and 
plant growth regulators are typical examples (Figure 1) 

 

 
Figure 1: Classification based on killing the organisms 

 
Another classification is based on the chemical composition 
(Table 1) 
 
The World Health Organization worked on rats and other 
laboratory animals and classified pesticides on the basis of 

their toxicity, administering oral/dermal and estimating the 
median lethal dose (LD50 (mg/kg) that produces death in 50% 
of exposed animals4. 

 
Class IA Extremely dangerous/extremely toxic, estimated respective lethal dose (LD50 mg/kg body weight<5) eg. Parathion, 

Dieldrin 
Class IB Highly dangerous/highly toxic (LD50 mg/kg body weight 5-50) eg. Eldrin, Dichlorvos 
Class II Moderately hazardous/moderately toxic (LD50 mg/kg body weight 50-2000) eg. DDT, Chlordane 
Class III Slightly hazardous/slightly toxic) (LD50 mg/kg body weight over 2000) eg. Malathion. 
Class U Unlikely to present acute hazard (LD50 mg/kg body weight 5000 or higher) eg. Cycloprothrin, carbetamide 
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Bioactive compounds (such as phosphinothricin, azadirachtin, and 
spinosad) are supposed to be source of new pesticides which are 
derived from microbial, plant, or other natural sources having 
reduced risk to the environment and a high potential for use in 
modern integrated pest management strategies. It is also noted that 
in comparison to reference synthetic pesticides glyphosate and 
tebufenozide, we find no evidence to support the hypothesis that 

natural products pose inherently lower risk to the environment than 
these synthetic pesticides. Even we need to investigate the 
individual components and study their interactions among different 
species that are sometimes used together. In the literature there are 
some preparations like arrow poison which involve mixing of seven 
different species. So we have to focus on how each plant changes 
and amplifies the toxicity of poison. 

 
Table 1: Pesticides on the basis of chemical structure are classified into different groups as 

 
Types of Chemical 

pesticides 
Properties and example Health Impact References 

Insecticides 
Organochlorine Stable, too persistent, used in preservation and 

cultivation of grapes, lettuce, tomato, alfalfa, 
rice, sorghum, cotton, wood eg. 

Dichlorodiphenyltrichloroethane (DDT), 
p,p-dichlorodiphenyldichloroethylene (DDE), 

Dieldrin, Endosulfan, Heptachlor, Dicofol, 
Methoxychlor, Lindane, Endosulfan 

Endocrine and embryonic development disorder 
Carcinogenic. Directly contact with central nervous 

system. In utero exposure associated with 
neurodevelopmental effects in children. 

disorder, Hepatic and hematological disorder, seizures 
and acute poisoning death. 

5, 6, 7, 8, 9 

Organophosphorus Most common and widely used, phosphoric acid 
derivatives, alkylating properties  used as 

herbicide, insecticides and matricidesin vegetable 
crops, fruit trees, grains, cotton, sugarcane.eg. 
Glyphosate, Thiophos, Malathion, Parathion, 

Dimethoate, Clorpyriphos, Diazinon, Azinphos 

Endocrine and neurological disruptors. Decrease in 
insulin secretion and testosterone. 

Induces necrosis, apoptosis, mutation, dementia, cancer. 
Nervous problems, cardiovascular diseases, 

Dysfunction of cholinesterase, 
Prenatal exposure causes decreased gestational 

duration. Hypertension, diabetes, strokes, autism, 
kidney failure, Parkinson’s and Alzheimer’s diseases 

10,11,12,13,14,15,16,17 

 

Carbamate Acids or Dimethyl N-methyl carbamic acid 
derivatives of esters. 

Used as fungicides, insecticides, herbicides, 
nematicides. 

e.g. Carbaryl, carbin, Aldicarb, Carbofuran, 
Ziram 

Endocrine-disrupting  and reproductive disorders 
Mitochondrial dysfunction, Neurobehavioral effects, 
Cytotoxic and genotoxic effects in hamster ovarian 

cells, induce apoptosis and necrosis 
Human natural killer cells and T lymphocytes. 

Dementia  and non-Hodgkin’s lymphoma 
Dioxin toxicity by inhibiting a 

transcription factor 

13,18,19,20,21,22,23 

 

Synthetic 
pyrethroids 

Pyrethrum extract derived from chrysanthemum 
flowers (pyrethrins) 

eg. Fenvalerate (Type II), Permethrin (Type I), 
Sumithrin, Allethrin (Type I), Tetramethrin 

(Type I), Deltamethrin (Type II),Cypermethrin 
(Type II) 

Endocrine-disrupting activity and affecting reproductive 
behavior, DNA damages in human sperm, 
Developmental neurotoxicity and neuronal 

hyperexcitaion. 

24,25,26 

 

 

Neonicotinoid eg. Iimidacloprid, Thiacloprid, and 
Guadipyr 

Increase aromatase expression which is engaged in 
breast cancer and important role during developmental 

periods. 

27 

Herbicides 
Triazines 

 
Atrazine (commonly used), Simazine and 

Ametryn 
Endocrine-disrupting effects 

Reproductive toxicity and delays in sexual maturation, 
oxidative stress, cytotoxicity and dopaminergic effects . 

28,29,30 

 

 

Bipyridyls Paraquat, Glufosinate, Diquat Acute respiratory distress syndrome 
pulmonary edema, convulsions, cardiac, renal, and 

hepatic failure 

31,32 

Chlorophenoxy 2,4-dichlorophenoxyacetic acid (2,4-D) 
2,4,5-trichlorophenoxy acetic acid (2,4,5-T)], 

Non-Hodgkin’s lymphoma, Lymphoid cancer in 
humans, Hormone-disrupting activity 

Disrupt neurotransmitters dopamine and serotonin 

33,34 

Dinitrophenols Dinitroorthocresol Erythema and oedema, Skin and eye irritation; skin 
sensitization 

35 

Fungicides 
Thiocarbamates, 
Dithiocarbamates 

Thiram, Ziram,  Zineb, Maneb, 
Mancozeb 

Allergic contact dermatitis and photo dermatitis, 
scratchy throat, Reproductive and birth defects in 

animals 

36 

 

Cupric salts Copper sulfate, Cupric nitrate, Copper(II) 
oxychloride, Cuprous chloride 

Anemia, Inflammation of the gastrointestinal tract 
Teratogenic, Mutagenic, Carcinogenic Effects 

37,38 

Thiabendazoles Tiabendazole, Mintezol, Equizole Carcinogenic, Vision impairment and psychic 
alterations, Hepatobiliary toxicity, Psychic alterations 

39 

Triazoles Hitertanol, Hexaconazole, Penconazole, 
Tebuconazole Uniconazole 

Cyproconazole 

Endocrine disruptors and inhibition of cytochrome P450 
(CYP450), Teratogenic, Nervous, immune, and 

reproductive disorder 
 

40,41 
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Dicarboximides Iprodione, Vinclozolin, Procymidone Reproductive toxicity in males, Damage to unborn child 
Harmful if inhaled 

42 

Anilinopyrimidine Pyrimethanil, Mepanipyrim, Cyprodinil 
Pyrimethanii 

Thyroid tumors in rodents, Histopathological changes 
in liver and thyroid 

43 

Rodenticides 
Warfarines 

Brodifacoum 
Coumadin; Coumafene; Zoocoumarin 
Anticoagulant rodenticide, Therapeutic 

anticoagulant 

Deep-vein thrombosis and pulmonary embolism, 
Willebrand disease, platelet deficiencies, and canine 

ehrlichiosis 

44 

Fumigants 
Aluminium and 
Zinc phosphide 

Solid, toxic to all stages of insects, highly potent, 
not affect seed viability, free from toxic residues 
eg. Celphos, Quickphos, Synfume and Phosfume 

Irritability, anxiety, dizziness, ataxia, numbness, 
paraesthesia, hypoxia or hypotension , Delirium, 

seizure, and coma 

44 

Methyl bromide Colorless highly toxic volatile liquid or a gas 
insecticide, a rodenticide, a fumigant, a 

nematocide and as a fire extinguishing agent 

Ataxia, paralysis, central nervous system (CNS) 
depression, apathy, retardation of speech and movement 

45 

Ethylene 
dibromide 

EDB, glycol dibromide, Bromofume, Dowfume 
W 85 

Damage to the liver, stomach, adrenal glands, 
respiratory, nervous, liver, heart, and  kidneys; cancer 

46 

Insect Repellents 
Diethyltoluamide Benzamide, diethyl toluamide 

Diethyl-m-toluamide 
Diethyltoluamide, Diethyltoluamidum 

Epidermal reactions, breathing difficulty, burning eyes, 
headaches 

47 

 
I. Bio Pesticides 

 
Bio pesticides are made from naturally occurring living organisms 
(e.g., bacteria, fungi, and viruses), their products (biochemical 
produced by them) and plant byproducts. They have toxic effects on 
harmful pests and are supposed to be harmless, eco-friendly, 
target specific, biodegradable, cheap, healthier and safer. There are 
currently 1,401 products that are registered as biopesticides in April 
2016. They contain up to 299 natural active ingredients. 
 
Types of Bio pesticides 
 
Bio pesticides are classified into three different categories: 
  
1. Biochemical pesticides (herbal-based substances) 
2. Microbial pesticides ((bacteria, fungi or virus) and  
3. Plant-incorporated protectants (genetically modified materials). 

 
1. Biochemical pesticides  

 
These are natural pesticide that utilizes naturally occurring 
substances instead of chemicals to control pests. They are 
made from non-synthetic substances such as baking soda, 
diatomaceous earth (DE), canola oil, neem oil, tea tree oil, 
cayenne pepper, and other compounds. They are interfering 
with pests in mating as sex pheromones and various scented 
plant extracts that attract insect pests to traps to kill the 
pests. 
 

2. Microbial bio pesticides  
 
These are pest specific means do not target non-pest 
species and environmentally benign. These are the largest 
group of broad-spectrum bio pesticides. Microbial 
pesticides can control many different kinds of pests, 
although each separate active ingredient is relatively 
specific for its target pest (Figure 2)48. 
 

Bacterial Bio pesticides are divided into four groups  
 
I. Crystalliferous spore formers (as Bacillus thuringiensis 

and B. sphaericus)  
II. Obligate pathogens (as Bacillus popilliae)  

III.  Potential pathogens (as Serratiamarcesens) and  
IV. Facultative pathogens (as Pseudomonas aeruginosa) 

  
Among them spore formers have been most widely used 
commercially due to their safety and effectiveness. B 
thuringiensis is effectively used as insecticides49. The 
insecticide property is due to Cry family of crystalline proteins 
that are produced in the parasporal crystals and are encoded by 
the cry genes. Some common commercial products based on B 
thuringiensis are available globally as Bactimos, Florbac, BTI 
granules, Ecotech Pro, Novodor. Other species of bacteria as 
Agrobacterium radiobacter, Bacillus popilliae, B. subtilis, 
Pseudomonas cepacia, P. chlororaphis, P. flourescens, P. 
solanacearum and P. syringae also used for pest management 
and also available commercially. 
 

 
 

Figure 2: Worldwide Microbial Biopesticides48 

 
Viral Bio pesticides 
 
Microbial viral insecticides are pathogens that attack insects and 
other arthropods. Baculoviruses are arthropod viruses used as 
biological control of pests in agriculture and forestry. Some other 
viruses have been commercialized for use as bio pesticides 
Capex, Dispavirus Lecontvirus WP, Virtuss WP TM, Biocontrol-1, 
Rootshield Drench WP (27115) Rootshield Granules, Carposin, 
Granupom, Madex3, Virin-EKS, Virin-GYAP, Carpovirusine, 
Nutguard-V, AfMNVP, Multigen, Polygen, VFN80, Gusano, 
Otienem-S, and Spod-X LC (Figure 3)49,50. 
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Figure 3: Insect infecting Viruse50 

 
 
 
 
 
 
 
3. Plant-Incorporated-Protectants (PIPs)  

 
These are substances that plants produce from genetic 
material that has been added to the plant as the gene for the 
pesticidal protein and that can be introduce into the plant's 
own genetic material.  

 
Table 2: Natural Pesticides with their sources and health impacts 

 
Names of Natural 

pesticides 
Source Organism Crop Health Impact References 

Pheromones Insects Oilseed Crops Disrupt mating behavior and 
control insect populations 

51 

Methyl carbamate 
insecticides 

Physostigma venenosum control of cockroaches and 
other household insects in 

restaurants, kitchens and homes 

Endocrine-active factors, 
Stressors 

52 

Pyrethrin insecticide Chrysanthemum 
cinerariaefolium, first 

discovered plant by African 
Tribal peoples 

Fruit, 
crops and ornamentals and 

vines 

Work on voltage-sensitive 
sodium channels 

control insect pests 

53 

Cube resin (Rotenone) 
organic pesticide. 

Active ingredients deguelin, 
rotenolone, and tephrosin are 

also present in rotenone 
products. Derris or 

Lonchocarpusutilis and 
Lonchocarpusurucu 

(Leguminosae) 

Vegetables, berries, tree fruit, 
nuts, forage crops and 

sugarcane 
 

Control insect pests 54 

Margosom 
(Azadirachtin A, Bio 

insecticide) and Neem 
Oil and 

Azadiractaindica (Neem Tree) Cotton, Rice, Tea, Tomato, 
Brinjal, Okra, cabbage 

 
 

Potent insect antifeedant 
block the synthesis 

and release of molting 
hormones (ecdysteroids) 

55 

VeratrineSabadilla 
based products 

(organic insecticide) 

(Main compounds alkaloids 
cevadine and veratridine) 
Schoenocaulon officinale 

(sabadilla lily) 

Vegetables effective against 
caterpillars, leaf hoppers, 

thrips, stink bugs and squash 
bugs. 

Work on voltage-sensitive 
sodium channels 

56 

Nicotine Nicotianatabacum, N. glauca 
or N. rustica 

Medicinal crops Control crop insect pathogens 57 

Capsaicin Hot chili peppers (Capsicum 
frutescens) 

Vegetable crops, flowers, 
ornamental plants, 

control crop insect pathogens 58 

Toxic compound Piquiá (Caryocarspp) Ornamentals crops Toxic to the dreaded leaf-
cutter ant (Atta spp.). 

59 

Anosom 
(Annonaceousacetoge

nins), 

Annona squamosa  ((Custard 
Apple) 

Soybean crops Targets on 
Helicoverpaarimigera, 

Helicoverpazea, 
Spodopteralitura, 

Spodopteraexigua, Earias 
spp., Achaea janata, 

Nephotettixvirescens, Bunch 
caterpillar, Green Leaf Hopper, 
Leaf Folder, Army worm, Cut 

Worm. 

60 

Derisom (Karanjin) Pongamiaglabra (Karanj tree) Cardamom, chillies, Cotton, 
vegetables, cereals, millets, 

pulses, oilseeds, fibre and sugar 
crops, plantation crops, fruits, 

spices 

Controls mites , scales ,thrips 
and other sucking pests It 

controls mites like red spider 
mites, scarlet mites, yellow 

mites, purple mites and other 
types of mites 

61 

Milky Spore Paenibacillus popilliae Lawn and  garden in grasses Control Japanese beetle larvae, 
or grub worms 

62 
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Avermectins 
(Abamectin) 

(mixture of  >80% 
avermectin B1a and <20% 

avermectin B1b) 
Streptomyces avermitilis (soil 

bacterium) 

Ornamental plants, citrus, 
cotton, pears and vegetable 

crops to control phytophagous 
mites 

Useful in glutamate and 
GABA gated chloride-channel 

opening 

63,64 

 

Milbemycins (mixture of ≥70% 
milbemycin A4 and ≤30% 

milbemycin A3) 
Streptomyces sp. culture broths 

Fruit, vegetables and 
ornamentals plants 

Useful in glutamate and 
GABA gated chloride-channel 

opening 

64 

 

Spinosad (Organic 
insecticide) 

 

(Mixture of spinosyn A and 
spinosyn D) 

Saccharopolyspora spinosa 
(Actinomycete bacteria) 

Agricultural crops and 
ornamental plant 

Used on cotton and turf grass. 
Also used for the control of a 

very wide range of caterpillars, 
leaf miners, thrips and foliage-

feeding beetles. 

65,66 

 

Glufosinate herbicide Racemic mixture of L- 
phosphinothricin (butanoic 

acid,  2-amino-4-
(hydroxymethylphosphinyl), 

(2S)-)and D-phosphinothricin) 
S. viridochromogenes 

Annual and perennial broadleaf 
weeds and grasses 

L-phosphinothricin inhibitor of 
glutamine synthetase (GS) is 
produced by the soil microbe 
Streptomyces hygroscopicus. 

67 

Tripeptide bialaphos 
(Protoxin) 

4-[hydroxy(methyl) 
phosphinoyl]-L-homoalanyl-L-

alanyl-L-alanine) 
Streptomyces hygroscopicus 

Morning glories, hemp 
(Sesbaniabispinosa), 

Pennsylvania smartweed 
(Polygonumpensylvanicum) 

and yellow nutsedge 

Natural GS inhibitors, 
Used for weed control in 

Japan. 

67 

AAL-toxin Close analog of the fumonisin 
mycotoxins 

Broadleaf plants (e.g. 
jimsonweed, prickly sida and 

black nightshade) 

Highly toxic 
Used to kill weed species. 

Highly toxic to mammals by 
inhibition of ceramide synthase 

68 

Phosphionthricin 
(herbicide) 

2-methylphosphinico-ethanoic 
acid phosphinothricin-N-

acetyltransferase 

Dicot crops, such as like 
tobacco, tomato, spring and 
winter rapeseed, alfalfa, and 
several horticultural crops 

Microbial toxin 67 

Bti (crystalline 
proteins), Insecticide 

Bacillus thuringiensis and 
Bacillus sphaericus 2362 ( Bs) 

Cabbage and Cauliflower 
 

Effective against mosquito and 
other dipteran larvae black fly 
(simuliidae), and fungus gnats 

69 

Bti (crystalline 
proteins), Insecticide 

B. thuringiensis ssp. 
Kurstakiandaizawai, 

Soyabean Castor, 
Tobacco 

Act as insecticides against 
lepidopteran larval species 

70 

Bti (crystalline 
proteins), Insecticide 

B. thuringiensis tenebrionis Tomato, Chilies, Rice 
Red gram, 

Activity against 
coleopteran adults and larvae, 

most notably the 
Colorado potato beetle ( 

Leptinotarsadecemlineata) 

70 

Bti (crystalline 
proteins), Insecticide 

B. thuringiensis japonensis 
strain 

Buibui 

Cotton Activity against soil-inhabiting 
beetles 

70 

Bs, Bactericide Bacillus subtilis Banana Sigatoka (caused by 
Mycosphaerellamusicola) 

Paddy (Bacterial leaf blight) 

Bacterial and Fungal 
Pathogens such as Rhizoctonia, 

Fusarium, Aspergillus, and 
others 

70 

Pseudomonas 
fluorescens, 
Fungicide/ 
Bactericide 

Pseudomonas fluorescens, Wheat (Loose Smut) 
Paddy (Bacterial leaf blight) 
Ground nut (Late leaf spot) 
Rice (Leaf and neck blast) 

Chili seedlings (Damping off) 
Tomato (Wilt) 

Several fungal, viral, and 
bacterial diseases such as frost 

forming bacteria 

71 

Metrahiziumani 
sopliae 

Entomopathogenic fungus Cabbage, Canola (Brassica 
napus L.) 

Insect pest control, used as a 
biocontrol 

agent, particularly for malaria 
vector species 

72 

Cryptolaemusm 
ontrouzieri 

Ladybird beetle Citrus, coffee, grapes and 
several other fruit crops and 

ornamental 

To control mealy bugs 
especially in fruits 

73 

Helicoverpaarmigera 
(Hubner) and 

Spodopteralitura(Fabr
icius) 

Insecticide Colocasiaesculenta cotton, 
flax, groundnuts, jute, maize, 

soya beans, tea, tobacco, 
vegetables, lucerne 

Used against bollworms in 
cotton and pod borers species 

specific for Lepidoptera , 
Hymenoptera and Diptera 

74 

Phromone lures for 
Helicoverpaarmigera 

Insecticides Tomato, Potato: 
Spodopteralitura , Cabbage: 
Brassica oleracea , Brinjal, 

To trap productive male of 
gram borer and tobacco 

caterpillar 

74 
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(Hubner) and 
Spodopteralitura 

Trichoderma 
viride/harzanum 

Fungicide Paddy (Foot rot) 
 
 

Control root rot and wilt 
diseases especially on pulses 

75 

Trichoderma spp. (egg 
parasite) 

stingless wasp Cardamom (Capsule rot) 
Tomato, Brinjal, Okra (Wilt) 

Carrot, Maize, Pigeon pea 
Pulses (Root rot) 

Used for control of sugarcane, 
early shoot borer, cotton 

bollworms, sorghum stem 
borer 

75 

Muscodoralbus 
Fumigant 

Fungus originally isolated from 
the bark of a cinnamon tree in 

Honduras. 

Vegetable crops bean potato 
pepper 

Bacteria and soil-borne pests 76 

Fungicide Aspergillus  flavus strain AF36 Pistachio Orchards fungicide for cotton 76 

Pyrethrum (World 
trade in daisy flowers, 

, oleoresin, 
insecticide) 

Mixtures of pyrethrin esters 
(atleast six) (pyrethrins, 

chrysanthemates and 
pyrethrates) 

dried flowers of 
Tanacetumcinerariaefolium 

(Asteraceae) 

Crops and ornamental plants Fast acting and toxic to insects 
at very low doses, as well as 

degrading quickly in the 
environment due to its 

instability toward heat, light, 
and air. 

77 

A forest vine 
Lonchocarpus 

Insecticidal, acaricidal, and 
other pesticidal properties 

To control parasitic mites on 
chicken, fowl, lice, ticks on 

dogs, cats, and horses. 

Poison to stun fish the roots of 
this plant gives rotenone, a 
biodegradable  pesticide. 

78 

Leptospermone bottlebrush plant To reduce infestation of 
Drosophila 

suzukii in berry crops 

Inhibitor of hydroxyl 
phenylpyruvate dioxygenase 

(HPPD) 

79 

Strobilurin Basidiomyces growing on 
decaying wood 

Cereals and soybeans inhibit respiration at the 
complex III: cytochrome bc1 

site 

80 

Cinnamaldehyde Pleuropterus 
Ciliinervis 

Potential action against various 
bacteria (Pseudomonas 

aeruginosa, Staphylococcus 
aureus, and Escherichia coli) 
and yeast (Torulopsisutilis, 

Schizosaccharomycespombe, 
Candida albicans, and 

Saccharomyces cerevisiae) 

Inhibit formation of fungal cell 
wall by inhibiting chitin 

synthesis. 

81 

 
Transition from Synthetic to Natural Pesticides 
 
Now with the change in time where agricultural sector/industry is moving from use of the synthetic to natural pesticides due to 
the major impact of chemicals on the human health, wildlife and environment. An approach is required to reduce the use of 
synthetic chemicals and implementation of environmentally safe natural and friendly practices. As both synthetic and natural 
pests equally contribute in controlling the pest but their mode of action is different (Table 3)82. 
 

Table 3: Chemical vs Bio Pesticides 
 

Bio Pesticides Chemical Pesticides 
Naturally occurring bioactive organisms or substance These are synthetic chemicals (Agrochemicals) 

Directly or indirectly with reproduction or simply repelling pests Work by directly killing or inactivating pests 
Slow response by suppressing pest so it takes time. Quick response for killing the pests. 

Less toxic than chemical More toxic than natural 
Narrow spectrum products mean very specific to the target pest Broad spectrum products mean kills a population of organisms 

Decompose very fast Generally not decomposed 
Never negatively impact on the non-harmful species Negatively impact on the non-harmful species. 

Pest never develop resistance Pest eventually develop resistance 
Don’t cause pollution Cause pollution 

Relatively cheaper Expensive 
Growing market preference Diminishing market 

Biopesticides involve maintaining microbial viability during 
storage and have very specific application requirements 

It’s not required 

Advances in formulation are extending storage shelf-life and 
compatibility of mixed products 

Shelf life is high 

Need training to use biopesticides effectively as different 
products will need to control different kind of pests and 

pathogens 

Result in management failure through pest resurgence, secondary 
pest problems or the development of heritable resistance 

No health issues Caused serious health problems due to inadequate controls 
during manufacture, handling and application. 
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Current Scenario of Indian Pesticides Market Segmentation by 
consumption in volume by Chemical and Bio Pesticides 
 
As we know, the overall pesticide market (production and 
consumption) has been largely dominated by the share of chemical 
pesticides while bio pesticides form only a small portion of the 
market due to lack of innovative advancements in research and 
policies in India. However, in India, per capita consumption of 
pesticides is among the lowest in the world at 0.6 kg/ ha compared 
to 13 kg/ ha in China and 7 kg/ ha in USA. India is currently the 
second largest manufacturer of pesticides in Asia, after Japan in 
2012 but in 2015 it became the fourth largest global producer after 
the US, Japan and China (Figure 4).  

 
The Indian pesticides industry has now been growing at 8-9% p.a. 
over the past five years. Industry size is estimated to be USD 3.8 

billion (INR 21,000 CR) in Financial Year (FY) FY12, USD 4.25 
billion in FY14, USD 4.4 billion in FY15 and is expected to grow 
at 7.5% per annum to reach USD 6.3 billion by FY20 with domestic 
demand grow at 6.5% per annum and export demand at 9% p.a83. 
  
In every year from FY11to FY 16, as per the data of ministry of 
agriculture and farmers welfare, Government of India, there seems 
to be increase in the demand of Bio pesticides (Figure 5). With 
respect to crop protection market, out of the total pesticides 
available in Indian market, in FY2012, 65% of the total is dominated 
by insecticides, followed by 16% of Herbicides of the total market 
whereas in FY 2015, Insecticides shared reduction of 5% of the total 
market share with addition of bio pesticides as 3% of the total 
market share (Figure 6)83. 

 

 
 

Figure 4: Data represent Indian crop protection market (Source: FICCI) 
 

 
 

Figure 5: Source: States/UTs Zonal Conferences on Inputs (Plant Protection) 
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Figure 6: Source: Industry analysis by Tata strategic 
 

Therefore, Bio-pesticides look like the next big thing in the industry 
and offer advantages of being more environmentally friendly and 
more effective than the traditional chemicals; as insecticides are 
mostly used on rice and cotton crops whereas herbicides are majorly 
used for Rice and wheat crops. Fungicides are used for fruits and 
vegetables and rice. Farmers are now moving from cash crops to 
fruits and vegetables. Bio pesticides include all biological materials 
organisms, which can be used to control pests. Currently a small 
segment, bio-pesticides market is expected to grow in the future 
owing to government support and increasing awareness about use 
of non-toxic, environment friendly pesticides. As bio pesticides are 
based on pathogenic microbes specific to target pest which proved 
to be ecologically effective solution to control pest in very small 
quantity and also it decomposes quickly. Therefore, they pose less 
threat to the environment and to human health. 

 
In Indian market, there are 115 insecticides, 82 fungicides, 87 
herbicides, 23 plant growth regulators and 81 Bio pesticides are 
registered and approved under the Insecticides Act, 1968 by 
government of India (Figure 7). Globally, there are 175 registered 
bio pesticides active-ingredients and 700 products available in the 
market. The Indian Bio pesticides Market is expected to reach USD 
XX million by 2022 from USD 70.45 million in 2016 growing with 
a CAGR of 17.08. 

 
 

Figure 7: Total number of pesticides available in market under the 
Insecticides Act, 1968 

 

Recent advances 
 
While the prevalence of chemical or synthetic pesticides, bio 
pesticide is gaining interest because of its less risk and more 
environmental safety, target-specificity, efficacy and 
biodegradability. Globally, the use of Bio pesticides is increasing 
tremendously by 10% every year and it was covered only 3% of the 
plant protectants in FY15 but its growth rate is expected to increase 
by 14.1% during the forecast period (2018-2023). It was also valued 
at USD 2790.0 million in 2017 according to the Global Bio 
pesticides Market. Therefore, bio pesticide is one of the promising 
alternatives to manage animal, human health and environmental 
concern. Approximately 90% of the bio pesticides are derived from 
one microbe i.e. entomopathogenic bacterium, Bacillus 
thuringiensis. Currently, there are about 60 bio pesticide products 
registered in the EU than in the US, India, Brazil, or China which 
are about to be 200 products in the US market84, 85. 
 
In fact, many countries have amended their policies to reduce the 
usage of chemical pesticides and promoting bio pesticides use; 
however, there are systems that are designed for chemical pesticides 
regulating the use of bio pesticides and created barriers for bio 
pesticide industry by imposing the high costs86. Major barriers are 
lack of profile of bio pesticide, relative immaturity of policy 
network, limited resources and capabilities and lack of trust between 
regulators and producers. 
 
For effective use of bio pesticides, several technological and policy 
measures have been identified which is required to reduce the 
excess use of chemical pesticides. Also, there is a need to spread the 
awareness among the farmers, government agencies, 
manufacturers, policy makers and common man for the use of bio 
pesticides. Some are proved to be excellent alternatives to the 
chemical pesticides, and some are under the process of 
development. Various approaches are being applied for the 
development of effective and efficient bio pesticides like 
recombinant DNA technology, Novel fusion proteins for next-
generation bio pesticides. Some bio pesticides are based on locally 
available plants like neem, garlic, triphala etc. which are easily 
processed and available to farmers87. 
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CONCLUSION 
 
From the past years, agriculture is facing destruction problems 
caused by various pests and it has been controlled to a great extent 
by the use of chemical pesticides. But due to wide and great use of 
these chemical pesticides, several health and environmental issues 
have been raised. Therefore, this has raised a need of an ecofriendly 
alternative. With the facts that due to increase demand of residue 
free crops, effective in small amounts, decompose quickly and 
easier registration than chemical pesticides, market of bio pesticide 
is growing unexpectedly. Now days, bio pesticides are taking 
attention globally because of its potential and less risk to human and 
environment. Therefore, cooperation is needed between public and 
private sectors to increase the production and sale of this 
environmentally safe alternative. Additionally, more research is 
needed towards integration of biological agents into production 
system which maintain low cost product quality and availability. 
Thus, various aspects of bio pesticides which covers the current 
status, constraints, prospects and regulatory network towards their 
effective and efficient use for the benefit of humankind have to be 
reviewed regularly. 
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