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ABSTRACT

Although conventional pesticides have been proved efficient in controlling pests and disease vectors and their use has greatly
increased the agricultural productivity, they are still toxic chemicals which are dangerous not only to pests but humans and other
animals also. They have instant as well as long-term impacts such as cancer. Thus, there is a need for a convenient alternative
of chemical pesticides which can be used for pest management. This is where biopesticides comes in the picture. Biopesticides
are natural components which are obtained from living organisms, they are less harmful than the conventional pesticides and in
present time biopesticides can have a great significance in controlling pesticide pollution without compromising the productivity
of crops. This article deals with harmful effects of chemical pesticides and biopesticides as an eco-friendly alternative of
chemical pesticides, types of biopesticides, biopesticides as a sustainable tool of integrated pest management, and current status

of biopesticides.
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1. INTRODUCTION

Over the past few decades, the protection of crops against pathogens has
mainly depended on the chemical pesticides. Pathogens such as virus,
bacteria, fungi, and nematodes cause drastic loss in the productivity due
to which farmers are left with no choice other than relying on chemical
pesticides to protect their crop. Pesticides are the leading cause of poisoning
in India, with two in every three cases of poisoning happening because
of pesticide consumption. However, with the help of biopesticides, it is
possible to counter pests without causing harm to nature. Biopesticides are
eco-friendly natural products and are derived from a wide range of living
organisms including plants, microorganisms, insects, and nematodes. [1].

The bioactive compounds present in plants such as steroids, phenols,
alkaloids, quinones, terpenes, and alcohols make them a major source of
biopesticides. Antimicrobial substances such as - and B-phillandrene,
limonene, camphor, linalool, B-caryophyellene, and linalylacetate are
found in different plant families which can be used in making natural
pesticides [2]. Similarly microorganisms such as Pseudomonas,
Cynobacteria, Bacillus, and Xanthomonas and Fungi such as
Trichoderma and Verticillium can be used to develop biopesticides [3].
Different types of biopesticides work on specific pests and have different
mode of action which include competition, predation, and parasitism [4].
Plant growth promoting bacteria colonize the environment around the
roots of plant and perform nitrogen fixation and increases phosphate
solubilization which leads to the increased yield [5].

This review sums up; disadvantages of conventional pesticides, major
types of biopesticides, Biopesticides in integrated pest management
(IPM) and present status of biopesticides.

2. HARMFUL EFFECTS OF CHEMICAL PESTICIDES

The chemical pesticides may cause many potential damages to our
health as well as to the environment. Along with killing insects, they
are also dangerous for humans, birds fish, and non-target plants.
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Some common synthetic or chemical pesticides are: glyphosate,
Acephate, Deet, Propoxur, Metaldehyde, Boric Acid, Diazinon,
Dursban, DDT, Malathion, etc. There are major categories of chemical
pesticides that may affect the human body parts. They can cause
Chronic (long-term), Acute (short-term), and allergic effect on living
organisms. Carbamates such as Carbofuran, aldicarb, and Carbaryl
affect the Central Nervous System. Organophosphates such as Diazinon,
Glycophosphate, and Malathion also damage central nervous system.
Side effects of Pyrethroids such as Fenpropanthrin, Deltamethrin, and
Cypermethrinare poorly understood. Organochlorines such as DDT,
Toxaphene, Dieldrin, and Aldrin may damage the reproductive organs,
nervous system, endocrine, and immune system [6].

Dursban, one of the common pesticides, which is used in hospitals,
schools, houses as well as in agriculture it caused an inferior health
risk, mainly to children. Due to this unacceptable health risk, it was
banned in 2000 by the USEPA.

DDT was also banned by the United States because it causes behavioral
anomalies and eggshell thinning of Bald Eagles. The use of DDT also
caused preterm births and has a harmful impact on environment also [7].

2.1. Ramification on Environment by the Use of Chemical Pesticides

Chemical pesticides are well known pollutants which pollute the
environment. When the pesticides are sprayed on the crops, the
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particles of pesticides suspended in the air as particles are carried by
wind to other areas, potentially pollute them [8] Applied pesticides can
evaporate and carried out by wind into nearby areas, that may affect the
wild life. Pesticides that are used to fumigate soil are known as Volatile
organic compounds. It may react with other chemical and produce a
pollutant, known as “Ground Level Ozone” [9]

Some common chemical pesticides such as fungicides, herbicides, and
insecticides are as follows [10].

3. BIOPESTICIDES

Biological pesticides are the naturally occurring products consisting
of plants. Nematodes mineral and microbes such as bacteria, fungi,
and that prevent the increasing population of pests. Biopesticides are
more sustainable and safe than chemical pesticide because it has more
specific pests target so it can only affect or attack on specific pests
which reduces the danger for rest of the animals such as mammals and
birds and they are biodegradable.

3.1. There are four Major Categories of Biopesticide or Biological
Pesticide

3.1.1. Microbial pesticides

Microbial pesticides are microorganisms that occur naturally such as
bacteria, virus, and fungi or their product that can kill the pest insects.
These organisms feed on pests and prevent their growth. Bacillus
thuringiensis (BT) is a popular biopesticides which is used to resist the
number of pest insect. Each strain of this pesticide develops separate
mix of proteins. These mixes of proteins are in inactive form and
are called inactive protein. BT is often uses to resist pests on Potato,
Cabbage, and other crops [11].

3.1.2. Plant incorporated protectants (PIPS)

These are also called “PIPS.” PIPS are genetically modified plants
in which specific genes are inserted to produce a pesticide inside the
plants. These pesticides develop inside the tissues of the plant. When
the genetic modification takes place in a plant to produce pesticides,
the modified plant is regulated as pesticide by the Environmental
Protection Agency (EPA) [12].

3.1.3. Semiochemicals

The word semiochemicals originate from the Greek Word “semeon”
which means “Signals.” These are also known as sign chemicals or
messenger chemicals that covey or transfer information between
living organisms. Semiochemicals are organic substances which are
used by insects to transfer a particular chemical signal or message that
can alter the behavior or physiology. Certain semiochemicals helps
in pest control by interrupting their mating process, mass trapping,
and repellency techniques. The molecular weight of semiochemicals
depends on their carbon chains [13].

3.1.4. Biochemical pesticides

Biochemical pesticides are also called herbal pesticides which occur
naturally in environment. These pesticides reduce or destroy the pests
by non- toxic mechanism. Biochemical pesticides can be divided into
functional categories such as pheromones, plant extract, and insect
growth regulators [14].

4. BIOPESTICIDES AS A TOOL OF IPM

IPM is an approach which takes advantage of all appropriate pest
management methods such as mechanical, physical, cultural, chemical, and
biological methods rather than being limited to the use of pesticides only.

Pesticides IUPAC names Harmful Effects Structure
Carboxin 5,6-dihydro-2-methyl-1,4-oxathiine-3-carboxanilide vomiting and headache. 0 CH,
N
$
0
Chlorothalonil Tetrachloroisophthalonitrile Irritation in nose, throat and 0 CH,
lungs causing cough, phlegm E I "
N
S
)
Glyphosate N-(phosphonomethyl) glycine3 eye or skin irritation "
p~n iy
Bromacil 5-bromo-3-sec-butyl-6-methyluracil body weight decreases,
cellular thyroid changes = I‘\/LH
o N o
Carbofuran 2,2-Dimethyl-2,3-dihydro-1-benzofuran-7-yl weakness, sweating, nausea
methylcarbamate and vomiting, abdominal pain Ii;‘jx
e H
Diazinon 0, O-Diethyl O-[4-methyl-6-(propan-2-yl) watery eyes, runny nose,
pyrimidin-2-yl] phosphorothioate drooling, loss of appetite, Z >N
coughing, urination, diarrhea, Sy S

stomach pain, and vomiting.
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Biopesticides have become the main part of IPM and bio intensive pest
management. They are easy to use and eco-friendly unlike chemical
pesticides that directly kills or inactivates pests [15]. They specifically
affect only the targeted pest and they do not harms humans and non-
targeted organisms. On the other hand, chemical pesticides are known
to affect the beneficial organisms including parasites, predators, and
also humans. Using biopesticides as a tool of IPM program, we can
reduce the use of chemical pesticides by fulfilling almost same level of
crop yield without harming non target organisms [16].

IPM uses various natural and chemical approaches to control pests,
which decreases dependency on chemical means. For example, as
insecticides neem and BT (biopesticides) have shown great potential
in Thailand, when used in an IPM strategy, to control Maruca
vitrata [17]. Invasive species such as Guatemala potato tuber moth,
Tecia solanivora (Povolny) (Lep. Gelechiidae) from Mesoamerica
have spread widely in recent decades. Guatemala potato tuber moth
species is the primary potato pest in Venezuela, Colombia, and Ecuador.
There are no effective control methods being used by farmers. To deal
with this problem, biopesticides have been expanded and used in an
IPM program by identifying entomopathogenic viruses by extensive
bioprospecting in 12 countries over the world and by mixing a dry
carrier, biopesticide dust formulation was tested for example -CaCO;
with distinct adjuvants (MgCl, or an optical brightener or soy lecithin)
and distinct specific quantities of virus (JLZ9f) [18]. For the protection
of crop alternative, instruments are being evaluated and are providing
relief [19].

For example, Pseudomonas fluorescens (Pf-CL145A) is sold as a
Dreissenid (i.e., any member of the Dreissenidae), control agents used
in IPM in infested water pipes to decrease the use of a more broad-
spectrum chemical [20].

Since the approach of IPM is to combine Prevention, Cultural, Physical,
chemical and biological means to control pests these biological
pesticides have been proved a sustainable tool in [PM.

5. PRESENT STATUS OF BIOPESTICIDES

The execution of biopesticides is still restricted as compared with
synthetic chemical pesticides or conventional pesticides due to the
expensive production methods, poor storage stability, susceptibility
to environmental conditions, efficacy problems, and others. By some
improvements and formulation, we can deal with these problems
which can result in increased and sustained biopesticides activity [21].
According to current information, there are about 175 registered
biopesticides globally while India have only 12 biopesticides registered
(six bacterial, two viral, two fungal, and two plant products). To protect
plants, Metarrhizium, Beauveria bassiana, nuclear polyhedrosis virus
BT, Trichoderma viride, and neem are currently used [22]. To protect
crops, the most suitable alternatives for chemical pesticides come from
vegetable oil [23]. To cure injuries, as anti-inflammatory agents, as an
antiemetic and as dry powder or coarse extract for the protection of
crops, as a medicines Senecio species have been commonly used [24].

By-products required following mechanical extraction from seeds are
oil seed cakes.

It can be divided into two types: Edible type in which it can be used as
animal feed because it have high nutritional value whereas non edible
oil seed cake Azadirachta indica (neem), Jatropha curcas (jatropha),
Madhuca indica (mahua), and Pongamia pinnata (karanja) contains
toxic substances so they cannot use as animal feed. Non edible oil type
contains toxic substance which makes them effective biopesticides
against termites [25]. The exploitation of higher plant products as
chemotherapeutics seeks the attention of several parts of world.
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Globally, botanical biopesticides are now used. Botanical products are
made from Pyrethroids and neem products. As antimicrobial, several
essential oils from higher plant are used [26]. As many challenges
are faced by the implementation of biopesticides, still they are better
alternatives for chemical pesticides due to less toxicity and less harm
to beneficial organisms.

The main limitation of biopesticide is that they have slower rate of kill
compared with chemical pesticides and susceptibility to unfavorable
environmental conditions. However, they only affect the targeted
organisms and are less toxic to non-targeted organisms, so they can
contribute meaningfully to gradual improvements in pest control [27].

6. BIOPESTICIDES REGISTERED IN INDIA [28]

S.no. Name of biopesticides Use for
1. Bacillus thuringiensis var. Diamondback moths
israelensis
2. Bacillus thuringiensis var. Diamondback moths
kurstaki
3. Bacillus thuringiensis var. Helicoverpa armigera
galleriae
4. Bacillus sphaericus Diamondback moths
5. Trichoderma viride Root rots and wilts
6. Trichoderma harzianum Root rots and wilts
7. Pseudomonas fluorescens Bacterial and fungal
pathogen
8. Beauveria bassiana Mango hoppers and mealy
bugs and coffee pod borer
9. NPV of Helicoverpa armigera  Helicoverpa on chickpea
10. NPV of Spodoptera litura Spodoptera litura
11. Neem based biopesticides Insect white fly
12. Cymbopogon Insect

7. CONCLUSION

Biopesticides are potential weapon to fight against pest and to reduce
pesticide pollution. Different type of biopesticides have different
properties and more research should be conducted to completely replace
chemical pesticide with bio pesticides and more attention should be
played on the commercialization of these natural alternatives so that it
is easily accessible to the farmers. Data on toxicity levels, chemistry,
active compounds and their compatibility with other methods of
pests and disease management are needed to aid in formulation and
commercialization. In India a Proper action plan should be developed
for the for development and commercialization of biopesticides and
awareness program should be organized in which farmers and common
people should be educated about the side effects of chemical pesticides
and how biopesticides can be a really good alternatives. Proper funding
for development and marketing of biopesticides should be ensured by
the government.
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