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Abstract: Biopesticides are living organisms or natural products that
control agricultural pests including bacteria, fungi, weeds, viruses and
insects. Biopesticides can be classified into different categories, such as
microbial pesticides, plant-incorporated protectants and biochemicals.
Biopesticides are a crucial component of integrated pest management
programs for pest control, which lead to more natural alternatives to
chemical pesticides that are eco-friendly and safer. Since the emergence of
biopesticides for potential pest management, numerous products have been
released and some of them dominate the market. This review paper will
discuss the current status, future prospect and challenges associated with
the use of biopesticides in pest control.
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Introduction

Agricultural pests, such as bacteria, weeds, insects
and fungi can lower the yield and quality of crop
production. The primary method used since the 1960s to
control pests has been the intensive application of
chemical pesticides (Kumar and Singh, 2015). Although
pesticides have been successful at reducing pest
populations, it is well known that their application can
also have negative effects on the environment and the
crops itself. Therefore, eco-friendly management is
needed for sustainable crop production. Biopesticides
can be applied as an alternative to the use of chemical
pesticides as they have been shown to be effective for
pest management and the generation of sustainable
agricultural products (Prabha et al., 2016). However,
technical obstacles and challenges have limited their
effectiveness to date (Nielsen et al., 2008). In the
European Union, the impact of Integrated Pest
Management (IPM) policies provides the incentive for
novel pest management strategies, especially the use of
biopesticides, including living microorganisms or natural
products (Chandler et al., 2011).

Several factors indicate that biopesticides are
excellent  alternatives to  synthetic  pesticides.
Specifically, they are highly effective, target-specific and
have fewer environmental risks. Biopesticides can come
from a wide diversity of organisms and many products
have been released and registered in the agromarket.
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Biopesticides allow for a sustainable approach for
improved crop production, which should increase their
use and popularity in the coming years (Mishra et al.,
2015). Moreover, opinions about biopesticide use have
begun to change because of the recent recognition of the
environmental consequences of chemical pesticides.
Other factors contributing to their increased use are
advances in activity spectra spots and improved options
for delivery and application (Glare et al., 2012).

Current research into biopesticides focuses on the
improvement of their action spectra, including
mechanisms to replace the use of chemical pesticides in
IPM plans (Nawaz et al., 2016). IPM is a method to
incorporate chemical, biological and physical methods
for pest control (Ghewande and Nandagopal, 1997).
The main challenges of new biopesticides in the growth
and utilization are how to market or promote it
(Tripathi et al., 2020) and how to enhance the stability
and residual action of biopesticide (Damalas and
Koutroubas, 2018). Previously, there were several
methods applied for handling pests, such as traditional
methods, chemical methods and biological methods
(Lindsey et al., 2020).

This review aims to summarize the current status of
biopesticides in agriculture and research, their role in
IPM plans through the combination of biological
methods and other pest control methods and future
strategies to improve their commercialization and global
reach for effective pest control.
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Types of Biopesticide and Advantages

Biopesticide or biological pesticides can be defined
as a natural product from living organisms including
plants, nematodes, minerals and microorganisms, such as
bacteria, fungi and viruses, that limit or reduces pest
populations. Biopesticide has more specific pests target
than a chemical pesticide, thus it can be reduced the risk
of other organisms, such as mammals and birds
(Thakore, 2006; Glare et al., 2012). The use of
biopesticides continues to increase globally each year.
The largest biopesticide market is in North America
(44%), with the European Union and Oceania each
having a 20% market share, Latin and South American
countries at 10% and Asia and India at approximately
6% each (Bailey et al., 2010). The Bacillus thuringiensis
(Bt) as a sort of biological control that could eradicate
lepidopterans have dominated the biocontrol market that
demonstrated in 1990 reached 90% of the biocontrol
sales (Berini et al., 2018).

Biopesticides can be classified into three primary
categories. The first group is referred to as microbial
pesticides, which include products that come from
microorganisms such as bacteria, fungi, viruses,
protozoa and algae. For example, fungi can control
certain weeds and eradicate specific insects. In
addition, Bacillus thuringiensis (Bt) often is used to
control insects on potato, cabbage and other crops.
Microbial pesticides commonly control pests with their
specific toxic metabolites, which lead to disease to
pests and they can also inhibit the formation of other
microorganisms. The second group includes pesticidal
substances in plants that result from plant genetic
modification. The prime example is the transgenic
expression of the Bt gene that allows plants to
intrinsically make a bacterial protein that kills pests.
Finally, there are nontoxic biochemical pesticides that
occur naturally to control pests, such as plant growth
regulators that interrupt the growth, mating, or
attractive pheromones in pests (Gupta and Dikshit,
2010; Kachhawa, 2017).

Most biopesticides work because of chemical
reactions with the pests. For example, biopesticides from
fungi are employed to control weeds, beneficial bacterial
pesticides are used to control fungal and bacterial disease
and viral pesticides are used to resist insect pests
(Hubbard et al., 2014). The pest like fungi can infect the
plants through their stomata or micropores in the leaf
epidermis (Baarlen et al., 2007). A coherent plan is still
required that ensures proper development of
biopesticides and bio-inoculants to maximize their
outcome, effectiveness, stability and delivery (Hynes and
Boyetchko 2006). Moreover, active substances must
account for the evolution of resistance that emerges
during pesticide use. Biopesticides, such as spores of
entomopathogenic fungi, have been shown to lead to
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substantial mortality of 7-14 days following exposure
(Blanford et al., 2011).

The Role of Biopesticides in Integrated Pest
Management

As pest problems continue to increase globally and
agriculture is now a global enterprise, IPM programs
seem as a critical means to control the spread of pests. In
addition, pesticide resistance has become a big problem.
To address these problems, biopesticides have become
an integral part of the programs in the IPM and bio-
intensive pest management. Biopesticides are eco-
friendly and can be used in some organic farming
practices to protect against enemies and reduce chemical
insecticides (Shishir et al., 2015).

The excellent potential for new biopesticides is
demonstrated by farmers that attempt to use other
biopesticides or botanical products, even if they are not
yet commercially available. Yet existing practices for
controlling pests need to be summarized and farmers
need greater education about the use of alternative pest
control methods. The goal of the IPM system is to
provide a means to control and reduce the incidence of
resistance to chemical pesticides. IPM uses multiple
natural and chemical approaches to control pests, which
reduces dependency on chemical means. For example, in
Thailand, biopesticides, such as neemand Bt, have
shown great potential as insecticides, when used in an
IPM strategy, to control M. vitrata (Kumar et al., 2014).
Several  botanical  products and  experimental
conventional chemicals indicate their potential to
significantly improve tomato and bell pepper production
under glasshouse conditions (George et al., 2015).

Invasive species, such as the Guatemala potato tuber
moth Tecia solanivora (Povolny) (Lep. Gelechiidae)
from Mesoamerica, have spread greatly in recent
decades. This moth species is the primary potato pest in
Venezuela, Colombia and Ecuador and there are no
effective control methods being used by farmers. To
overcome this problem, biopesticides have been
expanded and used in an IPM program by following
these three steps; (1) identify entomopathogenic viruses
by extensive bioprospecting in 12 countries around the
world, (2) 20 Phthorimaea operculella granulovirus
(PhopGV) were characterized genetically and
biologically so that the best candidate for biopesticide
formulation could be selected and (3) biopesticide dust
formulation was tested by mixing a dry carrier such as
CaCOs with distinct adjuvants (MgCl, or an optical
brightener or soy lecithin) and distinct specific quantities
of virus (JLZ9f) (Carpio et al., 2013). To protect the
crop, more sustainably used alternative instruments are
being evaluated and are providing relief. Natural
products in biopesticides and biological control,
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including predatory insects are emphasized for use. The
important thing for the success of IPM is to evaluate the
integration of non-synthetic insecticides and biological
control methods (Scudeler et al., 2017).

For example, Pseudomonas fluorescens (Pf-CL145A)
is sold as a dreissenid or bivalvia (i.e., any member of
the Dreissenidae). Dressenidae is a family of small
freshwater mussels, aquatic bivalve molluscs) control
agents used in IPM in infested water pipes to reduce the
use of a more broad-spectrum chemical (Molloy et al.,
2013). It has been suggested to use biopesticides in teak
nurseries as a replacement of toxic pesticides to resist the
white grub (Meshram and Homkar, 2011). In addition,
there are four levels of integration of orchard IPM
(Prokopy et al., 1994). The first level IPM integrates
biologically and chemically based pest management
strategies, for example, weeds, arthropods, diseases and
vertebrates. The second level integrates multiple
management strategies for all pest classes. The third
level integrates approaches with the whole farm system
of crop production. Finally, the fourth level integrates
cultural, social and political realms by examining all
concerns, from the farmer, product distributor, instructor,
researcher, private consultant, industry, the farmer's
neighbor, the environmentalist, to the regulatory agency.

In Brazil, the IPM of soybean has been one of the
most successful programs of pest management in the
world. It has reduced the amount of insecticide usage by
50% (Panizzi, 2013) by including natural products
containing viruses, bacteria and fungi. As a consequence,
IPM is becoming popular among farmers, policymakers
and researchers. IPM focuses on cheap pesticides and
more renewable technologies available to the resource-
poor farmer, including biological control and host plant
resistance (Thomas, 1999). The use of biological control
could lower greenhouse gases emission compared to
chemical pesticides (Heimpel et al.., 2013). The core
biopesticides used in IPM are microbial pesticides,
especially Bt on several vegetables in California and
Mexico. Improving Bt and the transgenic plants
containing Bt genes will improve the efficacy, broader
host range and increased residual activity. Because of the
many obstacles to the IPM including lack of education
and infrastructure, farmers might abandon the IPM
strategy and use new biotechnological products. It is
important that improved microbial agents and pest-
resistant plants are made familiar to the farmers as a
choice that can be integrated into the pest management
system as opposed to a panacea that will solve recurring
pest problems (Marrone, 1994).

For fulfilling the special local needs, IPM technology
should be regionally distributed. This should consider
local differences and production practices, policy issues,
economics and regulatory considerations. Execution of
IPM depends on the efficient distribution of information
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in books, information bulletins, internet services and fact
sheets. Demonstration plots and workshops for farmers
are beneficial (Jackson et al., 2002). In the past 20 years,
the growth of global pesticides has reached 3.5 billion
kg/year, with a price of $45 billion. External costs of
pesticides are $4-19 (€3-15) per kg of active ingredient
applied. Through an IPM system, pesticide usage will be
reduced. For example, data from 85 IPM projects from
24 countries throughout Asia and Africa carried out over
the past 20 years (Pretty and Bharucha, 2015) show that
IPM has increased the use of ecological farming
methods, requiring fewer pesticides, which has resulted
in reduced risks of resistance, human poisoning and
pollution (Jers et al., 2017).

To restrict the toxic chemical use in Bangladesh,
where high population density and few natural resources
exist, farmers should adopt IPM techniques. However,
despite traditional prolongation programs, few of the
14.7 million farm households across the whole country
are using these strategies. Providing IPM information
and training to show the effectiveness and economic
benefits of IPM would facilitate the broader
implementation of IPM strategies (Harris et al., 2013).
The concept of IPM is a powerful tool for sustainable
agriculture, which has the potential to serve as a
framework for developing research and implementation
of numerous control approaches that can protect human
health and environment (Edson et al., 2013). Currently,
the investment of some agricultural companies leads to
fungicides to actualize the more sustainable integrated
pest management program in organic and conventional
plants (Mascarin et al.,, 2018). Through the IPM
program, biopesticides can substitute the harmful
pesticides because of low risk and safer. The previous
study has shown that IPM was cost-effective to control
pests of cauliflower in late winter (Ahuja et al., 2015).

Current Status of Biopesticides

The implementation of biopesticides is still limited
compared with synthetic chemical pesticides due to the
expensive production methods, poor storage stability,
susceptibility to environmental conditions, efficacy
problems and others. Some of these problems can be
solved by improvements in the formulation, which has
been successful in increasing and sustaining biopesticide
activity (Gasic and Tanovic, 2013). In addition, the other
hurdles in commercialization are quality control
problems, concise shelf-life, low awareness and higher
expense (Arthurs and Dara, 2018).

Commercially, there are some biopesticides available
to farmers. According to present information, there are
about 175 registered biopesticides globally, with 700
active substance products available for use. In India,
only 12 biopesticides have been registered including
bacterial, two viral, three fungal and two plant products.
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Bt, Trichoderma viride, Metarrhizium, Beauveria
bassiana, nuclear polyhedrosis virus and neem currently
are used to protect plants (Rao et al., 2007). Bt is the
primary biopesticide used and it has microbial,
biochemical and plant-incorporated protectants variants.
Bt has been used to control lepidopteran, dipteran and
coleopteran insects for more than three decades.
Presently, about 75% of biopesticide use consists of Bt-
based products. As an effective microbial pesticide,
mostly biochemical biopesticides worldwide are the
purified toxin from this strain. Plant-incorporated
protectants are transgenic organisms expressing the gene
coding for the Bt toxin. The biopesticide landscape has
been dominated by this microorganism, yet additional
strategies are necessary, as resistance against Bt-based
products is beginning to evolve (Olson, 2015). Indeed,
novel recombinant Bt strains with increased toxicity and
broadened insecticidal spectrum have been developed
(Kaur, 2000). Despite the challenges, increased Bt
biopesticides use will continue, because of the expansion
of organic markets and the demand for eco-friendly pest
control alternatives in gardens (Saiyad, 2017).

Another naturally occurring chemical substance,
Aczadirachtin, is a tetranortriterpenoid isolated from
neem that can interfere with insect metamorphosis.
Azadirachtin and other limonoids are found in
Azadirachta indica seeds, which can be used as
biopesticides to protect the crop. Unfortunately, the
availability of seeds is limited to dry zones, which has
stimulated novel biotechnological production methods to
increase supply (Prakash and Srivastava, 2008).

An excellent alternative to synthetic chemical
insecticides to protect crops comes from vegetable oils
(Rongai et al.,, 2008). Senecio species have been
commonly used as medicines to cure injuries, as anti-
inflammatory agents, as an antiemetic and as dry powder
or coarse extract to protect crops (Portero et al., 2012).
The by-products acquired following mechanical
extraction from the seeds are oilseed cakes. They can be
differentiated into edible and nonedible types. Edible oil
seed cakes have a high nutrition value and are used as
animal feed. However, nonedible oil cakes from
Azadirachta indica (neem), Jatropha curcas (jatropha),
Madhuca indica (mahua) andPongamia pinnata
(karanja) cannot be used as animal feed because they
contain toxic substances. Nevertheless, the toxicity of
nonedible oil cakes makes them effective biopesticides
against termites (Sharma et al., 2013). In addition,
Paenibacillus polymyxa can be utilized as a friendlier
alternative to chemical fertilizer and multiple strains
have been isolated that can be advantageous for
antimicrobial,  phosphate  solubilization,  nitrogen
fixation, plant hormone production, or lignocellulose
degradation (Weselowski et al., 2016).

Metabolites  from the nematode  symbiont
Photorhabdus luminescens are a promising alternative to
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synthetic fungicides, as they have small environmental
risk. They are effective against pecan scab because of the
bioactive compound trans-cinnamic acid that acts as an
antifungal (Bock et al., 2014). Beauveria bassiana is a
pathogenic insect fungus that occurs in the soil, which
can be used as a biopesticide in the management of crop
pests. Fungal survival and infection potential are
influenced by the soil pH, the insect cuticle and its
hemocoel (Padmavathi et al., 2003). Pathogen-based
biopesticides also can be used to control pests. As an
example, they are being used to treat a predominant
apiculture pest, the ectoparasitic mite Varroa destructor.
The first microbial control product registered in Japan in
1974 was Matsukemin, a cypovirus product, containing
live and inactive Bt. Presently, there are 25 microbial
insecticides on the market, with fewer than 2% of them
in Japan. In China, the use of insect viruses as
biological control agents began in the early 1960s and
until now, more than 32 viruses in agriculture, pastures,
forestry and domestic gardens have been used to
control pests. In 2014, 57 products from 11 viruses
have been approved by the Ministry of Agriculture of
China, which amounts to 1600 tons of viral insecticidal
formulations produced per year. This is approximately
0.2% of the total of insecticide production of China
(Sun, 2015). In certain markets, this microbial
biopesticide commercializes in limited amount to treat
the arthropods (Lacey et al., 2015).

In several parts of the world, attention has shifted to
the exploitation of higher plant products as
chemotherapeutics. Botanical pesticides are now
globally used. Pyrethroids and neem products are made
as botanical pesticides and several essential oils from
higher plants are used as antimicrobials (Dubey et al.,
2008). Fungi also are important biological control
agents against pathogens (Rostami et al., 2017). Many
biological methods have been recognized. For instance,
when the viruses attack the plants through the wounds
or by cutting the plant’s parts because of pests or
humans. As for the way to stop the entry of viruses is to
develop the genetically engineered species that is
resistant to the virus and perform certain cultures
(Williamset al., 2017).

A few biopesticides are ideal substitutes for
conventional synthetic chemical pesticides, yet some of
them show certain toxicity that should be a concern for
researchers in the field (Leng, 2011). Continued
development and commercialization of biopesticides will
require a concrete structural strategy. Although genetic
engineering has emerged as a new dimension in the
management of pests, there are potential ecological,
socioeconomic and ethical issues associated with their
use. IPM has been developed for various agricultural
crops. However, its wide application has not been
achieved. Therefore, strategies need to be developed to
select appropriate agents to control pests, to investigate
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the product readiness on a large scale and to maintain
quality control (Jindal et al., 2013). Below, we
summarize the major biopesticides currently in use in
India (Alam, 2000).

Bacillus thuringiensis

As the most commonly utilized biopesticide in the
world, this pesticide acts as a pathogen to some of the
most destructive lepidopteran pests, including stem
borers on rice and American bollworm on cotton. When
the pest larvae ingest Bt, toxins that released destroy the
midgut of the pests. Three companies in India market Bt-
based pesticides. In 1999, the total sale was
approximately 70 tons.

Baculoviruses

These are viruses that act specifically against targets
by infecting and damaging various crucial plant pests.
Baculoviruses are limited to tackle lepidopteran pests
of vegetables, rice and cotton. To produce them at a
large scale has been challenging and thus, their use is
limited to small areas. In India, they are not available
commercially, but IPM centers and state agricultural
departments have produced them on a small scale.

Neem

Originating from the neem tree (Azadirachta
indica), chemicals, such as azadirachtin, influence the
digestive and reproductive process of some important
pests. An effective  formulation has been
commercialized. Demands have increased, because
neem is non-toxic to mammals and birds and it is
noncarcinogenic. Nevertheless, the current demand is
extremely small. In India, there are more than 100
companies  registered to produce neem-based
pesticides, but actually, a few of them make it.

Trichoderma

This is an effective fungicide that resists soil-borne
fungi, such as root rot. It is especially relevant for
dryland crops, such as green gram, groundnut, black
gram and chickpea, which are susceptible to these
diseases. In India, three firms produce Trichoderma.

Trichogramma

These are small wasps that act exclusively as egg-
parasites. They lay eggs in the eggs of various
lepidopteran pests. After hatching, Trichogramma larvae
consume and damage the host egg. Trichogramma is
effective at resisting lepidopteran pests, such as pink
bollworm, sugarcane internode borer, sooted bollworms
in cotton and stem borers in rice. In addition, they
combat pests of fruit and vegetable crops. Trichogramma
is a biocontrol agent that is famous in India, particularly
because it destroys pests in the egg phase. This makes
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sure that the parasite is damaged before any damage is
done to the plant crop. Several countries produce
Trichogramma on a large scale.

Future Prospect of Biopesticides

Farmers need safer pesticides to protect their plant
crops, making biopesticides an excellent option rather
than  chemical agents.  Yet  implementation,
manufacturing and development of biopesticides
continue to have many challenges. To support the
commercialization of biopesticides, additional research
in production, delivery and formulation must be
conducted. Public-private sector integrations have the
potential to improve the manufacturing, development
and sale of environmentally friendly alternatives to
chemical pesticides in developing countries. In addition,
additional  support of public-funded programs,
commercial investors and pesticide firms is needed as
well. An important issue is developing strict regulatory
mechanisms to keep biopesticides available at affordable
prices in developing countries. Thus, several obstacles
remain for the development of several biopesticides
(Kumar and Singh, 2015).

The “first generation” of transgenic plants containing
Bt genes will be followed by more sophisticated
“second” and “third” generation plants with greater
flexibility in IPM. These include plants with inducible
and tissue-specific expression systems and multiple
engineered genes. The combination of genetically
engineered and modified Bt microbial products,
traditional Bt and novel engineered plant products will
greatly improve future IPM programs (Prior, 1996).
Since the early 1980s, scientific activity in
mycoherbicide research also has enhanced rapidly, in
terms of the number of both weeds controlled and
candidate pathogens studied. There has been a global
increase in unregistered and registered mycoherbicides.
Similarly, there has been an increase in the quantity of
United States patents issued for mycoherbicidal
technology (El-Sayed, 2005).

New interests in biopesticides that combine
health/environmental issues and commercial pressures
for agrochemicals have caused significant advances in
research of biological control agents. By the available
technology, the reliability and efficacy of biopesticides
can be improved. In addition, product costs are
continuing to decline due to developments in production
technology. There are still a lot of challenges that need to
be addressed, yet numerous market projections reflect
the potential for commercial biopesticide production. Bt
production particularly is expected to continue to grow,
but significant sales in bio-fungicides and bioherbicides
are expected as well (Rodgers, 1993).

It is very important to develop IPM programs that
fully favor the use of biopesticides. Conventional
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pesticides should be used minimally to reduce the
evolution of pest resistance, which supports the
widespread use of  biopesticides and other
environmentally friendly technologies. The way to
correct pest management methods to lower pesticide
use is exhibited by the present published activity
concerning IPM programs. Thus, to reduce losses in
crop yields, solutions should be established so that the
pesticides' use also can be reduced. Strategies for
protecting plants from the pests also should be
developed to avoid the risks to human health and the
environment (Villaverde et al., 2016). The efficacy can
be enhanced through some strategies such as enhanced
production, formulation and advanced technology. In
addition, the increased number of laboratories and firms
that develop liquid culture methods and in vivo systems
lead to the efficiency of production and lower expenses
(Shapiro-llan et al., 2014).

In the future, environmental control strategies of
insects based on the Bt and its insecticidal crystal
proteins will continue to be improved, particularly as
transgenic crops become adopted more widely. New
toxin discovery and new recombinant DNA methods and
proteomics approaches are being developed to change
the way the toxin is presented to the target insects. As is
known in numerous cropping systems all over the world,
numerous natural baculoviruses have been utilized as
pesticides. Soybean fields above two million hectares
can be protected from velvet bean caterpillar by using
baculoviruses, which has proven feasible and relatively
cost-effective. Thus, efforts to increase the usage and
production of baculovirus pesticides will likely follow
two approaches (Szewczyk et al., 2006).

In the first approach,we assume that genetically
unmodified natural baculovirus will be used as
biological pesticides in several countries. Infection
diagnostics, in vitro culture development and changes in
biopesticide formulations suggest future improvements
in biopesticides application. Better diagnostics permit for
faster virus detection and prediction of spread.
Contamination with other microorganisms in the field is
prevented by in vitro culturing methods and biopesticide
costs; continue to decline. Meanwhile, stability can be
increased through improved formulations.

In the second approach, countries will incorporate
genetically modified organisms. The primary goal of this
approach is to accelerate the pesticidal activity of
baculoviruses that normally have long lag times in their
activity. Thus, modifications of the baculovirus genome
genetically with genes of another pathogen potentially
can improve reaction times.

In agricultural pest management in organic farming,
botanical pesticides are appropriate to use. In developing
countries, botanical pesticides have an important role in
the production and protection of food. Modern society
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tends “green consumerism” that has led to reductions in
synthetic substances in food in favor of plant-based
products. They are safe options for eco-friendly plant
pest management (Dubey et al., 2010). A significant role
will be exhibited by natural product chemicals in the
future to control plant pests in industrialized countries or
developing countries (Dimetry, 2012). Moreover,
because soil organic substances are enhanced through
organic farming, organic agriculture may assist in
improving and conserving valuable resources, including
topsoil, nutrient loss, compaction and erosion. Trees,
leguminous plants and shrubs are being used by organic
farmers to stabilize the soil. To supply nutrients, compost
and dung are being used and to conserve groundwater and
to prevent erosion, terracing is being used (Umar, 2013).
Perhaps it is time to refocus research attention on
developing and applying recognized botanicals rather than
refining more plants (Cavoski et al., 2012).

To encourage research and usage of neem products,
further exploration and exploitation of biotechnology
and biopharmaceutical options will be necessary.
Commercial neem formulations must be produced and
manufactured. Crude formulations typically are used
because it degrades quickly. There need to be fewer
requirements for the labor of certified commercial
neem pesticides and longer-term stability of these
pesticides can be achieved under ultraviolet rays. There
are two suggestions to increase the use of neem for
protecting the crops: (1) To enhance neem bioefficacy,
which gives it a broader spectrum and checks the risk
for developing resistance; and (2) preparation of
several botanical pesticides should include a synergist,
such as piperonyl butoxide, to enhance pesticide
effectiveness (Dar et al., 2014).

An important part of management programs remains
the protection of grains and choices for storing them.
Without  grain  protectants,  serious  economic
consequences would ensue, particularly in industries
with narrow profit margins. A promising change in
management will be from chemical-based pest
management to IPM using computer-based decision
support systems (Arthur, 1996). Future considerations of
bio-larvicide are increasing due to the activity, low costs
and capability of protein toxins to endure in the
anopheline larvae feeding zone. Solutions for controlling
surface feeding Anopheles species sustainability and
effectively include the development of toxins that are
controlled release and surface-floating encapsulated in a
living organism or with high-level expression.
Nevertheless, the extrication of transgenic insecticidal
organisms as larval food into the breeding habitat
requires thorough monitoring (Mittal, 2003).

Biological control will not be successful on its own.
Biological control should be integrated with other pest
control techniques in integrated management programs.
To enhance awareness of these options, promoting
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sustainable management procedures for pests and vectors
needs international collaboration. Training that will be
required to make appropriate decisions. Discussions to
promote biological control by farmers and addressing
concerns will be necessary (Greathead, 1991). For
example, as demands in Canada for reduced pesticide
use increased, the government created new regulations
and management practices. Research has identified new
biopesticides and teams have accelerated their
expansion. These factors together have spurred a
biopesticide revolution in Canada. Other countries all
over the world, including Europe, also are enacting
similar changes in their political and public views toward
biopesticides and investment in research. The difference
is Canada has capitalized on discovering the solution to
pesticides decrease and has approved biopesticides as a
strategy of reliable and peaceful replacement. Canada
thus provides a nice example for other countries to
follow in the future (Bailey et al., 2010).

Production of more biochemical biopesticides and core
molecule sources for conventional products depends on
knowledge of natural products chemistry. The future
changes in the regulation of biopesticides will be
influenced by biotechnology because approaches are
changing rapidly to integrating microbial and biochemical
agents in biopesticide activities via transgenic platforms.
To facilitate registration of biopesticides, greater
cooperation between governmental agencies will be
needed. In several cases, present regulations are gradually
eliminated because of better comprehension of the
exposures and risks (Braverman et al., 2010).

Attention should be paid to the use of P. lilacinus and
P. fluorescens in India for the management of
nematodes, as it has not led to safer nematicides. Thus,
further research is required as nematodes affect many of
the primary crops (David, 2008). In addition, in the
future, new approaches need to be explored to develop
arthropod pesticidal agents that are more specific to
insect biochemical sites but do not affect mammals. In
IPM programs, developing efficient and safer pesticidal
agents are the most important components (Damodaran
and Elayidam, 2008). The eco-friendly nature of
insecticides recently is the most important consideration.
Therefore, in the future phytochemicals will become
excellent alternatives to synthetic chemical insecticides
because of their lower cost, safety and widespread
availability (Pavela 2009; Pavela, 2007).

Commercialization of Biopesticides

Gardens, households, greenhouses, parks and organic
agriculture are primary markets for biopesticides from
plants. High demand for natural insecticides also exists
in organic farming. Consumer demand for improved
food safety and reduced environmental issues are the
primary influence for expanding this market. In gardens
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and parks, natural pest control methods lead to the low
persistence of environmental contamination, which
reduces exposure to the toxic compounds. New
biopesticides are required to fill this growing market.
Agricultural waste products, easily available plants and
traditionally used plants represent different potential
sources to be considered. The steps to take to
commercialize a new biopesticide include screening,
followed by isolation, identification and assay for active
compounds in the extracts (Pavela, 2007).

The sale of biopesticides has continued to grow by
approximately 10% per year over the last decade. In
2014, biopesticide use increased by 15.6%. In 2009,
biopesticides accounted for 3.5% (the US $1.6 billion) of
the global pesticide market (Moosavi and Zare, 2015).
For the last 30 years, numerous scientists and some
commercial firms around the world have focused their
research on postharvest biological control agents as
alternatives to synthetic chemicals. In the laboratory,
semi-commercial and commercial settings, testing and
identification of some postharvest pathogens have
generated new commercial products. However, the
realization of their full commercial potential has yet to
be achieved (Drobyet al., 2016).

The commercialization of biopesticides has several
challenges (Chandler et al., 2011). For example, product
commercialization of useful microbes will require the
discovery and development of novel microbial strains, as
well as the ability to scale up microbial cell production
and product formulation. In addition, microbial
performance tests in the field scale and standardization
remain challenges that need to be addressed. The
commercialization of microbial formulation products is
expected to improve productivity and maintenance of the
environment. The prospect of commercialization of
microbes and microbial products in agriculture is
extensive (Prihastuti, 2014).

Biocontrol of plant disease is relatively new
compared with biocontrol of insect pests. The first
bacterium registered by the United States Environmental
Protection Agency (EPA) for grown gall control in 1979
was Agrobacterium radiobacter strain K84. The first
fungus, Richoderma harzianum ATCC 20476, was
registered with the EPA for plant disease control
10 years later. For plant disease control, there are a total
of 14 bacteria and 12 fungi that have been registered
with the EPA for plant disease control. Many of these
products are presently sold commercially. Within the
past 10 years, 65% of the EPA-registered organisms
have been registered, with 36% being registered over the
past 5 years (Fravel, 2005). Due to strict safety
restrictions for chemical pesticides, biopesticide firms
have an opportunity to establish safer alternatives.

The example of biopesticides commercialization is
viral-based pesticides such as Baculoviruses, which now
become potential biopesticides in the horticultural



Lukmanul Hakim Samada and Usman Sumo Friend Tambunan / OnLine Journal of Biological Sciences 2020, 20 (2): 66.76

DOI: 10.3844/0jbsci.2020.66.76

market. Nevertheless, the in vivo production should be
carried out, which may confine profit and confine their
use in the large farm (Grzywacz, 2016), the advanced
capacity and technology can minimize the production
costs such as when integrated with the conventional
program which is known as Integrated Pest Management
program (van Lenteren et al., 2017).

Conclusion

Biopesticides play an important role in IPM by
reducing the use of synthetic chemical pesticides that are
harmful to human and environmental health. Some
biopesticides dominate the global market, including Bt,
neem, Baculoviruses and Trichoderma (fungicide). The
demand for products that do not cause environmental
damage and can maintain crop yields make biopesticides
promising alternatives to traditional approaches.
Regarding the resistance of pests, it is important to use
suitable methods for pest control to increase agricultural
yields. It is better to focus on using and developing
either biological method or integrated biological-
traditional method for pest extermination. Biopesticides
are becoming more widely used because of improved
application methods, eco-friendly and cheaper options
for many formulations. Therefore, biopesticides are a
more rational choice for pest management, especially as
an improved balance between cost and efficiency
becomes a reality in the near future.
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