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FOREWORD

I am extremely happy to know that the book ‘Biological Control for Plant Protection: Recent
Advances in Research and Sustainability’ is being published by Bentham Science Publishers,
UAE. I feel delighted to congratulate the editorial team of Dr. Sonika Sharma (DAV
University, Jalandhar), Dr. Talwinder Kaur (Guru Nanak Dev University, Amritsar), Dr.
Ashutosh Sharma (DAV University, Jalandhar), and Dr. Bahaderjeet Singh (Guru Kashi
University, Talwandi Sabo) for the conceptualization and compilation of this important book
on the eco-friendly and sustainable approaches to plant protection in field crops. A sizeable
proportion of our agricultural production is reduced by competing organisms, which include
insect pests, plant pathogens, and weeds. Further, some insect pests also cause significant
post-harvest losses. To ensure global food security, it is important to reduce the potential
damage due to weeds, insect pests, and plant pathogens. To increase productivity by reducing
the competition with weeds or the damage by insect pests and pathogens is need of the hour.
The conventional methods of controlling weeds and pests through chemicals have
environmental and human health concerns. In recent years, a wealth of useful information has
been accumulated about the biological control of these problems in an eco-friendly manner,
and some of the biocontrol formulations have also been commercialized. The present book
covers a range of topics from the viewpoint of biocontrol of weeds, insect pests, nematodes,
and other plant pathogens. Further, the role of botanicals and specific microbes like
actinobacteria and Alternaria spp. have also been discussed in detail. The role of bio-priming
in plant disease management has been elaborately discussed in one chapter. The book is a
compilation of 15 chapters written by different academicians/researchers working in the area
of biocontrol of weeds and pests. It will present a holistic package of information on the
recent advances in biological control of weeds, insect pests, and plant pathogens for the
researchers, teachers, and students.

I convey my thanks and best wishes to the editors and the contributing authors for this
significant edited work. I hope and believe that the readers will relish reading this excellent
compilation on plant protection sciences.

Gurbachan Singh

Former Chairman

Agricultural Scientist Recruitment Board (ASRB)

Department of Agricultural Research and Education

Ministry of Agriculture and Farmers Welfare (Government of India)
Pusa Campus, New Delhi 110012, India



PREFACE

The food and nutritional security of the increasing human population is one of the biggest
challenges of the present century. Various organisms, like weeds, crop pests, diseases, etc.,
are some of the major limiting factors in increasing crop productivity for increasing human
population and decreasing agricultural land. Biocontrol or biological control is a method of
management for any potentially noxious organisms (crop pests, pathogens, or weeds) using
another organism in an ecologically sustainable manner, thereby saving our crops from such
noxious organisms. These biological strategies include the use of predators, parasitosis,
antagonist organisms, pathogens of noxious organisms, competitors, herbivores, etc., that
have naturally evolved alongside the noxious organisms during the evolution as a part of the
food chain or to maintain the ecological balance. The mass multiplication of these biocontrol
agents and utilization of them against crop pest pathogens and weeds is a new category of
human interventions for crop protection in an eco-friendly way, thereby reducing the
dependence on agrochemicals that may not be ecologically safe. In recent years, due to
environmental awareness as a result of mass media and discussions at several international
forums, there has been a gradual shift in people’s choice toward relatively safer methods of
crop protection interventions. Several efforts were made to evaluate new biocontrol methods,
and a lot of scientific information has emerged. Therefore, there was a need to compile the
recent progress in this area in the form of a book.

In this regard, the present edited book entitled ‘Biological Control for Plant Protection:
Recent Advances in Research and Sustainability’ is a timely attempt to incorporate all the
recent advancements in the field of biological control in relation to plant protection. A total of
15 chapters have been included in this edited collection. Its chapters cover all major areas of
biocontrol, like mass multiplication of bio-control agents, their genetic engineering,
biopesticides, efc. An attempt has also been made to discuss all major classes of biocontrol
agents like actinobacteria, biocontrol agents for nematodes and lepidopteran pests, etc.
Further, the new biotechnological methods to improve the effectiveness of biocontrol agents
have also been discussed. Besides this, its role in organic agriculture and ecological
sustainability has also been discussed in specific chapters. The editors wish the readers an
enjoyable journey while going through this book.

Sonika Sharma

Faculty of Agricultural Sciences
DAYV University

Jalandhar 144012

Punjab, India

Talwinder Kaur
Department of Microbiology
Guru Nanak Dev University
Amritsar 143005

Punjab, India
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CHAPTER 1

Biological Control in Organic Agriculture

Ruchika Kumari'?, Kushal Thakur'?, Damini', Palak Thakur', Kirti Raina’,
Rohit Sharma’, Rohit Sharma’, Amandeep Singh‘, Randeep Singh® and
Ashun Chaudhary"”

! Department of Plant Sciences, School of Life Sciences, Central University of Himachal Pradesh,
Shahpur Campus, Kangra, Himachal Pradesh 176206, India
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Horticulture and Forestry, Solan, Himachal Pradesh 173230, India

* Department of Rasa Shastra and Bhaishajya Kalpana (Ayurvedic Pharmaceutics), Faculty of
Ayurveda, Institute of Medical Sciences, Banaras Hindu University, 221005, Uttar Pradesh, India

* Department of Agriculture, Khalsa College Garhdiwala, Hoshiarpur 144207, Punjab, India
’ PG Department of Zoology, Khalsa College, Amritsar 143002, Punjab, India

Abstract: Eco-friendly management of insect pests using sustainable measures is the
need of the hour to prevent crop yield losses caused by pests. For sustainable
agriculture, the use of biological methods, viz., botanicals, biological control,
biopesticides, and pheromones for pest management, should be adopted and
popularized on high priority. Chemical pesticides accumulate in the soil, disrupting its
structure and fertility over time, causing long-term contamination and ecological
imbalance. Biological control is a central component of integrated pest management
(IPM), which constitutes an array of scientific methods adopted in both conventional
and organic farming systems. The main objective of the study is to better understand
the potential of botanicals in sustainable pest and disease management while
maintaining ecological balance to assess the effectiveness of various botanical extracts
or chemicals in eradicating specific pests, diseases, or weeds and to identify natural
alternatives to synthetic pesticides and herbicides, thereby lowering the environmental
and health dangers connected with chemical use. The study utilized search engines,
research papers, online databases, and books, with data from various platforms
contributing to this study. Unlike chemical pesticides, botanicals degrade quickly,
hence enhancing soil health and maintaining rhizosphere microorganisms. They are
cost-effective, non-toxic, and accessible for pest management. Botanicals are a
sustainable alternative to agrochemicals that benefit soil health, protect microflora, and
support organic farming. Plants, such as Azadirachta indica, Chrysanthemum,
Pongamia, Lantana, Calotropis, Shorea robusta, etc., are used as botanicals. The

" Corresponding author Ashun Chaudhary: Department of Plant Sciences, School of Life Sciences,
Central University of Himachal Pradesh, Shahpur Campus, Kangra, Himachal Pradesh 176206, India; E-
mail: ashun.chaudhary@gmail.com
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development and utilization of botanicals in pest management offer an environment-
friendly and cost-effective approach. The focus should be on advancing well-
researched botanical solutions to promote sustainable agriculture. These botanicals can
play a crucial role in integrated pest management (IPM) strategies. By integrating these
natural solutions into sustainable agricultural practices, we can reduce reliance on
synthetic pesticides, minimize ecological harm, and promote long-term agricultural
productivity and soil health.

Keywords: Biological control, Biopesticides, Botanicals, IPM, Organic
agriculture, Parasitoids.

INTRODUCTION

The plant kingdom has benefitted human civilizations in several ways since
ancient times. The discovery of agriculture took place about 10,000 years ago,
during the New Stone Age. Agriculture’s beginnings may be traced back to the
rich Crescent Valley. Civilized man developed agriculture to use plant resources
primarily as food and then with further development for fiber and fodder. As the
years passed, intensive agriculture and the Industrial Revolution began to fulfill
the requirements of vigorously increasing the human population and increasing
the yield of crops for their benefit, and adverse effects on the environment took
place. Human ailments soon took a severe toll on civilizations, and the plant
world once again came to the rescue, culminating in the creation of Ayurveda,
homeopathic, and Unani healthcare systems. Intensive agriculture has resulted in
a rise in pest population and disease propagules, as well as increased competition
for food. Synthetic pesticides are heavily used, leading to soil deterioration,
environmental pollution, and various human diseases. Following the signing of
the World Trade Organization (WTO) general agreement on trade and tariffs in
recent years, more focus has been placed on using ecologically friendly pesticides
for crop production due to their low toxicity, low disease resistance, and low
residual concerns.

Since there are several methods available for pest and disease management, before
using any of the control methods in organic agriculture, we must look into the
advantages and drawbacks of that particular method. The major types of pest
control methods are biological, physical, and chemical. Tillage for weed
management and open-field burning for pest control are examples of physical
control. Whereas, chemical control includes using various synthetic chemicals to
control the pest population. The side effects of chemical control may lead to the
deterioration of soil health, water pollution, increased salinity of the soil, etc.
They are also expensive and every farmer cannot afford them and also have some
non-target effects [1].
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DeBach defines biological control as the “Action of parasites, predators, or
pathogens in maintaining another organism's population density at a longer
average than would occur in their absence”. Cultural practices were introduced
into use much before the discovery of biocontrol by chance. The historic tradition
of avoiding planting identical crops in the same agricultural land every third or
fourth year, or even longer, to avoid the spreading of diseases is known as crop
rotation. Crop rotation results in the insect or pathogen level in the soil falling
below a certain threshold value.

Nitrates and pesticides have been found in groundwater in several agricultural
areas. Nitrate levels in drinking water are harmful to people's health, especially
newborns, and can be fatal in some circumstances. In cereals, pulses, vegetable
oils, meat, vegetables, fruits, and animal feed, traces of banned pesticides like
DDT and BHC isomers have been reported. Sustainable agriculture is one of the
methods to avoid the depreciation of the environment, soil health, and human
health. Sustainable agriculture encompasses a variety of atypical farming
methods, including organic, alternative, regenerative, ecological, and low-input
farming. A sustainable farm must produce enough quality food, safeguard its
resources, and should be ecologically friendly and profitable. Organic farming
relies on favorable natural processes, including resources that can be regenerated
from the yard itself, rather than purchasing items such as fertilizers. Organic
farmers help in improving soil health by nourishing the soil's living component
i.e., the microbial inhabitants who release, convert, and transport plant nutrients.
Organic farming starts by focusing on soil health and using locally accessible
resources to add organic matter. ‘Certified organic’ label applies to agricultural
goods that have been cultivated and processed according to given standards and
validated by accredited state or private organizations. Organic and integrated
farming provides substantial opportunities on numerous levels, contributing to
thriving rural economies through long-term growth.

The increased concern about the environmental and health effects of synthetic
pesticides and herbicides has fuelled the search for sustainable alternatives in
agriculture. Botanicals made from plants are a promising answer for pest and
disease management in organic and environmentally sound farming systems.
These natural products contain bioactive components that can efficiently manage
pests, diseases, and weeds while causing minimal damage to non-target creatures
and the environment. Exploring the potential of various botanicals is critical for
developing sustainable methods that reduce chemical dependency, maintain
ecological balance, and promote long-term productivity in agriculture. This study
focuses on identifying plants, their extracts, oils, and specific compounds with
proven efficacy in controlling insects, nematodes, mites, rodents, efc. (Fig. 1). By
analyzing their potential as natural alternatives to synthetic chemicals, the study
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CHAPTER 2

Utilization of Biological Agents for Sustainable
Agriculture: An Ecofriendly Approach
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Abstract: The decline of pest organisms (mites, insects, pathogens) population density
by utilizing beneficial organisms demonstrates biological control. This is a very crucial
component of sustainable agriculture that maintains production for a longer duration
without environmental degradation. The utilization of biological agents should be
enhanced in agriculture. This chapter basically discusses different varieties of
biological agents that are being utilized for various types of pests in the agricultural
field. Various types of biological organisms have been reported for successfully
managing Diamondback Moth, Plutella Xylostella, Thrips, Mites, and soil-borne
diseases in potatoes, hot peppers, cabbages, efc. Several species of Streptomyces,
Trichoderma, Bacillus, Pseudomonas, etc., enhance plant growth and reduce the
disease incidence, ultimately leading to enhanced plant yield. The awareness regarding
hazards induced by chemicals in the agriculture field results in a significant increase in
the use of biological control agents and a decrease in pesticide utilization. Biological
control majorly depends upon factors like an abundance of biological agents, mass
production, and field application for controlling pests, resulting in sustainable
agriculture. The extensive knowledge of soil microflora ecology and factors affecting
their population is crucial for deciding management strategies. The major strategies of
utilizing microbial population in soil and biological seed treatment utilizing biological
antagonists might be some alternatives that move the concept of sustainability a bit
closer to reality. By utilizing the above-mentioned approaches, sustainable agriculture
will help in reducing the use of synthetic pesticides and their adverse impact on the
environment, improving the safety of farm workers and maintaining the economic
viability of crop production. The current work includes a compilation of various
diseases associated with plants and the utilization of bacterial agents such as Bacillus,
Pseudomonas, Actinomycetes, efc., for sustainable agricultural practices.
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INTRODUCTION

The extensive utilization of synthetic pesticides and the environmental as well as
toxicological problems they pose have increased the interest in finding safer
alternative sources for managing agricultural pests worldwide. The areas with a
large population that are exposed to agrochemicals result in critical issues. With
the benefit of non-phytotoxicity and rapid biodegradability, higher plant products
have recently attracted interest in various parts of the world as innovative
chemotherapeutics for plant protection [1]. There are many difficulties in modern
agriculture, particularly in developing nations where a rapidly expanding
population raises the demand for food grains; the necessity of trade and economic
growth increases the demand for diverse cash crops. The rise of several
phytopathogens, which pose a severe danger to productivity and the quality of the
goods produced, is another difficulty modern agriculture is facing. The use of
fertilizers and chemical agents like fungicides, insecticides, and other pesticides
significantly reduces these issues. The excessive use of pesticides in agricultural
areas always has a drawback, even though they assist farmers to prosper. To
manage plant pests in an environmentally benign manner and protect crops, many
plants and microorganisms have been developed for widespread usage as
biopesticides.

For a healthy and productive future, environmental scientists from all around the
world are looking for alternatives to chemical pesticides [2]. The synthesis of new
pesticides and the production of natural pesticides both rely heavily on plants and
their secondary metabolites. Many plants have been shown to have insecticidal
properties. Insecticides Casida and Quistad have also been investigated using
essential oils and other bioactive substances [3]. Particularly in terms of resistance
to diseases and pests, it has become more apparent how significant these
chemicals are. Furthermore, the purity of natural products varies greatly and
depends on the plant part, age, extraction technique, geographical origin, climate,
and general growth and health of the plant from which the chemical is derived [4].
The extensive use of synthetic pesticides and the environmental and toxicological
problems they cause have increased the interest of scientists in finding safer
chemical sources for managing agricultural pests. Due to their overuse, pesticides
have contaminated every area of the environment and represent a serious 