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v

 The term biopesticides has been mentioned and talked about for the past fi ve 
to six decades or so. It was generally used with reference to bioactive princi-
ples of plant origin with potential use as pest control agents. These agents 
were considered relatively safe and environmentally compatible. During the 
past three decades, the term biopesticides has been evolving with broader 
inclusion of bioactive agents produced by viruses, bacteria, fungi, plants, and 
etc. Some experts even include antagonistic bacteria and fungi for plant dis-
ease control. It is a general trend to make the term biopesticides all inclusive 
covering all natural products from plants and living entities. 

 Notwithstanding this broad defi nition of the term “biopesticides”, plant 
based bioactive agents provide large and varied sources of locally available 
plants, to be explored for the development of biopesticides for plant protec-
tion, public health and household insects and other pests. Bioactive agents 
from various parts of plants if properly extracted and formulated could pro-
vide effective and sustainable strategies for a variety of insect pests. These 
strategies will require low input to develop, necessitating simple pieces of 
equipment for application. These plant-based formulations with the excep-
tion of a few are relatively safe to use for pest and disease control on a variety 
of crops. 

 To date, plant-based biopesticides, their formulations, bioeffi cacy, selec-
tivity and safety with the exception of a few agents have been studied 
mostly in the laboratory without signifi cant fi eldwork. There are literally 
thousands of plant species that have been extracted and evaluated against a 
variety of insects, nematodes, etc. Now we are at the stage to draw upon the 
knowledge available on the potential of plant based bioactive agents and 
mixtures discussed in the current book and literature cited in this book. This 
book will be extremely benefi cial to experts and professionals in the realm 
of plant protection to be able to proceed and critically assess the compara-
tive effi cacy data and select a few agents to study rigorously to the stage 
where the products could be used in practical fi eld applications. Stakeholders 
in key research institutions and plant protection fi eld and other biological 
and chemical specialties should form “Task Forces” with responsibility to 
advance Biopesticides Research. 

 The Editor, Dwijendra Singh, of the book  Advances in Plant Biopesticides , 
has sought the help of renowned research scientists around the world with 
expertise in basic research, plant protection and management of crop pests 
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and diseases. The current book has 19 chapters discussing the stages in the 
development and use of biopesticides. Space does not allow to discuss the 
signifi cance of each chapter, but I can in passing remarks mention chapters on 
evaluation, fi eld testing, emergence of resistance, safety to non-target organ-
isms, and developing sustainable technology. The last two chapters on pro-
duction and use of biopesticides, formulation, registration and quality 
regulation of biopesticides, as well as other chapters are full of information 
and have been contributed by internationally reputed scientists. 

 I fi rmly believe that this book will make a lasting contribution in the fi eld 
of crop protection and promotion of human health around the globe.

     

         Mir     S.     Mulla    
 Department of Entomology  
 University of California ,   Riverside ,  CA ,    USA      
 April 23, 2014 
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 The perils of pesticides developed on the basis of petro-chemical derivatives 
have drawn the attention of public domain extensively towards its environ-
mental dangers and chemical pollution in view of survival and health of liv-
ing ones and human on planet. World wide attention on chemical pollution in 
soil, air, water and other eco-systems through pesticides have led our focus to 
change the current mindset to investigate and innovate new approaches. In 
this context, a number of documentations have been made globally. However, 
the major focus has been Asian continent and particularly one of the thickly 
populated locality like India. Apart from residue in food and environment and 
resistance problem in target pests, detrimental effect of these petro-chemical 
pesticides on benefi cial organisms and focussed cautions by various global 
programmes inspired me to utilize my three and half decades’ working expe-
rience on plant biopesticides to publish a book along with potential subject 
experts. The book is intended for the benefi t of students, researchers, teachers, 
enterpreneures and common persons including policy makers to have one 
hand knowledge and for the advancement in the area of plant biopesticides 
that could be used in future to manage the fi eld and storage of arable crops, 
veterinary pests, disease carrying arthropods, storage pests, honeybee mite 
pests, utility of biologically active plants in transforming farming system, 
phytochemical pesticides, infl uence on non-target organisms, possible mode 
of action, limitations, registration and regulation of plant biopesticides along 
with the focus on potential bioresources as examples to develop useful and 
eco-friendly biopesticides etc. 

 With the above views and current worldwide society demand, I proposed 
to take the lead in identifying leading potential contributors globally whose 
contributions are noteworthy in the area of plant biopesticides to prepare 
quality write-ups on advances in this area based on research reviews and their 
experiences in the form of a book to get it published through an international 
publisher – Springer. I am kind enough to Springer (India) offi cials, New 
Delhi, India, who got my proposal internationally reviewed and accepted my 
proposal to publish the important document on burning issues of pesticides 
from biologically active plant species and associated major problems to 
overcome the losses and its side effects. The book contains 19 chapters 
on different issues of plant biopesticides. I am grateful to the staff of 
Springer (India) who cooperated me and gave replies to all my queries during 
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preparation of the book manuscript. I am especially grateful to Springer 
(India) staff; Dr. Richa Sharma who in 1st instance gave green signal for the 
approval of publication of the book after completing their Springer’s interna-
tional review system; Dr. Mamta Kapila who supported, cooperated and 
inspired me to be in close contact with global contributors for enhancing the 
speed of the writeup and its technical editing, and Ms. Raman Shukla who put 
the manuscript to production. I am also grateful to Distinguished Professor 
Emeritus, Dr. Mir S. Mulla of University of California, Riverside, CA, USA, 
who accepted my request heartly to review and write up the foreword of the 
book. I am very thankful to all the contributors for submitting their chapters 
within the stipulated time limit. I am thankful to my beloved family members, 
support and regular inspiration especially from my wife – Mrs. Shail Singh, 
and several other colleagues, friends and well wishers who supported directly/
indirectly asking about the status and progress of the book regularly till 
completion and manuscript submission to publisher. 

 I hope that this book will provide new knowledge to our present and 
future researchers who are interested to develop novel, environmentally safe 
plant biopesticides.  

  Lucknow, India     Dwijendra     Singh  
 Editor  

Preface
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    Abstract  

  Consistent and injudicious applications of pesticides lead to the 
 development of resistance in insects, destruction of benefi cial organisms 
and increases in residual problems, thereby posing a threat to human 
health and its ecological partners in the living biome. The need of the 
future is to develop an eco-friendly approach to combat insect pests that 
should be able to regulate pest populations by exploring naturally occur-
ring botanicals including extracts of plants, insecticidal plants and plant 
essential oils which may serve as useful repellents, antifeedants, insecti-
cides, fungicides, weedicides, nematicides, molluscicides, etc. The most 
promising botanicals for use are species of the families Meliaceae, 
Rutaceae, Malvaceae, Asteraceae and Canellaceae. The results obtained 
in this review overwhelmingly confi rmed the activity of a reasonable 
percentage of plants. Thus, these results will serve as useful guides in the 
collection of plants for laboratory and fi eld research studies which may 
lead to the commercialization of plant biopesticides in the future.  

  Keywords  

  Botanicals   •   Plant extracts   •   Insecticidal plants   •   Fungicidal & nematicidal 
plants   •   Molluscicides   •   Polyester of sugars   •   Essential oils   •   Repellent and 
antifeedant plants  

        N.  Z.   Dimetry ,  Ph.D.      (*) 
  Department of Pests and Plant Protection ,  National 
Research Centre ,   Dokki ,  1231   Cairo ,  Egypt   
 e-mail: nadia_dimetry@yahoo.com  

 1      Different Plant Families 
as Bioresource for Pesticides 

           Nadia     Z.     Dimetry     

1         Introduction 

 The estimate of the world population for 2001 
was 6.134 billion inhabitants (  http://apps.fao.
org    ) according to the Food and Agriculture 
Organization (FAO). The projection towards 
2025 is nearly 8.5 billion inhabitants. Such an 
increase, which will occur mainly in developing 
countries, will inevitably require an additional 

http://apps.fao.org/
http://apps.fao.org/
mailto: nadia_dimetry@yahoo.com
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agricultural production of 2.4 × 10 9  t/year. 
However, this additional production should not 
be based on an increase in an arable surface taken 
from temperate or rain forest, but on the improve-
ment of crop productivity. This can be achieved 
in part by suitable control of losses due to biotic 
agents (pests, diseases and weeds) which on aver-
age are estimated to be 38–42 % of the potential 
production (Agrios  1997 ; Oerke et al.  1994 ). 

 Thus, the world food production is adversely 
affected by insects and pests during crop growth, 
post-harvest and storage (Kulkarni et al.  2009 ). 
Currently, the control of plant pests, diseases and 
weeds is achieved mainly by spraying crops with 
a vast amount of synthetic chemical pesticides 
(Agrios  1997 ; Cook  2000 ). However, an increase 
in the use of chemical pesticides for pest control 
to support the derived increase in agricultural 
activity needed to sustain the expected popula-
tion growth which may severely deteriorate the 
planet’s health because of non-target effects. 
Insect pests are considered one of the major prob-
lems which farmers face. The insect pests cause 
great losses to many crops and fruits besides the 
low grade of infested products. Apart from the 
farm environment, insects and pests constitute 
serious menace in the home, gardens and bodies 
of water and also transmit a number of diseases 
by acting as hosts to some disease-causing para-
sites. Thus, elimination of these insects and pests 
or mitigation of their activities will go a long way 
in reducing world food crisis to improve human 
and animal health. 

 On the other hand, the use of synthetic organic 
pesticides, particularly the chlorinated hydrocar-
bons such as DDT and derivatives, has led to 
serious environmental pollution (water, air and 
soil), affecting human health and causing death 
of non- target organisms (animals, plants and 
fi sh). This situation led to the Stockholm 
Convention in 2001 and the eventual ban of DDT 
in 2004 (UNEP ( 2005 )). Before the ban efforts 
were already made by scientists for alternative 
sources of pesticides and due to other reasons, 
including nonselectivity, ineffectiveness, high 
costs of synthetic chemicals and development 
of resistance, and that many of the synthetic 

compounds have not been successfully marketed 
(Duke  1990 ), natural products from plants have 
attracted researchers in recent years as potential 
sources of new insecticides. Thus, increasing 
reports about the negative effects of synthetic 
pesticides, often resulting from indiscriminate 
applications, have renewed the interest in natural 
pesticides as an eco-chemical approach in pest 
control (Dubey et al.  2010 ). The folklore use of 
higher terrestrial plants by the natives of various 
parts of the world as pesticidal and antimicrobial 
materials has been well known (Dalziel.  1937 ; 
Ayensu  1978 ). A complimented method for pest 
control is the use of biopesticides besides low 
concentrations of synthetic pesticides when nec-
essary. The use of plant materials as traditional 
protectants of stored products is an old practice 
used all over the world (Tripathi and Dubey  2004 ; 
Rajendran and Sriranjini  2008 ). 

 Overall in the present economic and political 
environment, there seems to be excellent oppor-
tunities for the development of phytochemical- 
based biopesticides. So far, more than 6,000 
plant species have been screened for anti-insect 
properties, and of these, nearly 2,500 species 
belonging to 235 plant families exhibit measur-
able to considerable pest control activity (Saxena 
 1998 ). Various isolated compounds from plants 
indicate that approximately 350 compounds are 
insecticidal (Dev and Koul  1997 ). So many com-
pounds have been isolated, characterized and 
evaluated as anti-insect compounds (Reda et al. 
 1989 ; Dimetry et al.  1990 ,  2003 ,  2007 ,  2010 ; 
Prakash et al.  1990 ; Schmutterer  1990 ,  1995 ; 
El-Gengaihi et al.  1997 ,  2011 ; Koul  1997 ; Singh 
et al.  1998 ; Mendiki et al.  1999 ; Singh and 
Mehta  2010 ; Dimetry  2012 ). 

 This chapter emphasizes the experience and 
progress made in the potential and promise of 
biopesticides in general and with a special refer-
ence to new crop protection agents of plant origin. 
There is also a need to develop strategies based on 
the biochemical and ecological behaviour of the 
pests. Thus, to complement and eventually substi-
tute synthetic pesticides with botanical pesticides 
would represent economically benefi cial and eco-
logically sound alternatives.  
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2     Biopesticide Defi nition 

 Biopesticide is a term that includes many aspects 
of pest control such as microbial (viral, bacterial 
and fungal) organisms, entomophagous nema-
todes, plant-derived pesticides (botanicals), 
 secondary metabolites from microorganisms 
(antibiotics), insect pheromones applied for 
 mating disruption, monitoring or lure-and-kill 
strategies and genes used to transform crops to 
express resistance to insect, fungal and viral 
attacks or to render them tolerant of herbicide 
application (Copping and Menn  2000 ; Montesinos 
and Bonaterra  2009 ). According to the FAO 
 defi nition, biopesticides include those biocontrol 
agents that are passive agents in contrast to bio-
control agents that actively seek out the pest, such 
as parasitoids, predators and many species of 
entomopathogenic nematodes. Thus,  biopesticides 
cover a wide spectrum of potential products that 
can be classifi ed as follows. 

2.1     Microbial Pesticides 
and Other Entomopathogens 

 These are pesticides that contain microorgan-
isms, like bacteria, fungi, virus and protozoan 
which attack specifi c pest species, or entomo-
pathogenic nematodes as active ingredients. 
Most of these agents “entomopathogens” attack 
insect  species referred to as bioinsecticides. 
These pathogenic organisms are isolated from 
diseased insects  during naturally occurring epi-
demics. Over 400 species of fungi and more 
than 90 species of  bacteria which infect insects 
have been reported. These microbial control 
agents have a range of  properties that make 
them desirable for integrated crop management 
(Hajek  2004 ).  

2.2     Plant-Incorporated 
Protectants (PIPs) 

 PIPs are pesticidal substances that plants produce 
from genetic material that has been added to the 

plant. For example, scientists can take the gene 
for the Bt pesticidal protein and introduce the 
gene into the plant’s own genetic material. Then 
the plant, instead of the Bt bacterium, manufac-
tures the substance that destroys the pest. The 
protein and its genetic material, but not the plant 
itself, are regulated by EPA. These crystalline 
proteins are highly insecticidal at very low con-
centrations (Schnepf et al.  1998 ). As these pro-
teins are non-toxic to mammals and other 
organisms, Bt strains and their insecticidal  crystal 
proteins (ICPs) have acquired acceptability as 
eco-friendly biopesticides all over the world and 
have been under extensive use in agriculture, hor-
ticulture, forestry, animal health and mosquito 
control for the past four decades (Schnepf and 
Curr  1995 ). Bt strains and ICPs were fi rst found 
to affect a range of lepidopteran insects, which 
are recognized worldwide as major agricultural 
pests on crops. Subsequently, the discovery of 
new strains expanded the host range. Strains are 
now available which are toxic to coleopterans, 
dipterans, lice, mites and nematodes (Kumar 
et al.  1996 ).  

2.3     Biochemical Pesticides 

 These are pesticides based on naturally occurring 
substances that control pests by non-toxic mech-
anisms, in contrast to chemical pesticides that 
contain synthetic molecules that directly kill the 
pest. Biochemical pesticides fall into different 
biologically functional classes including phero-
mones and other semiochemicals, plant extracts 
and natural insect growth regulators (Montesinos 
and Bonaterra  2009 ). When used as a component 
of integrated pest management (IPM) programs, 
biopesticides can greatly decrease the use of con-
ventional pesticides, while crop yields remain 
high. There is now a growing concern among 
consumers towards food safety and environmen-
tally sound practices, giving more and more 
importance on the use of biofertilizers and 
biopesticides (bioagents) as an alternative to farm 
chemicals. The total world production of biopes-
ticides is over 3,000 t/year, which is increasing at 
a rapid rate. The market share of biopesticides is 
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only 2.5 % of the total pesticide market (Gupta 
and Dikshit  2010 ). 

 Global assessments of biocontrol markets 
show that the percentage of biopesticides has 
steadily grown since 1997, and the momentum is 
projected to continue at a rate of 10 % per year. 
Global sales of total biopesticides were estimated 
at US $460 million in 2000 and have continued to 
increase annually (Table  1.1 ) with projections to 
reach over $1 billion by 2010.

2.3.1       Botanical Pesticides 
   Historical Overview 
 Botanical pesticides are an important group of 
naturally occurring, often slow-acting crop pro-
tectants that are usually safer to humans and the 
environment than conventional pesticides and 
with minimal residual effects. Moreover, botani-
cal pesticides contain mixtures of biologically 
active substances, so no resistance is developed 
in pests and pathogens (Saxena  1983 ). Therefore, 
the use of plant pesticides has been recommended 
ever more as a suitable alternative of plant pro-
tection with minimum negative risks (Isman 
 2006 ). Especially, botanical insecticides have 
long been a subject of research in an effort to 
develop alternatives to conventional insecticides. 
The use of plant insecticides has a long-term tra-
dition in Europe. The fi rst known written refer-
ence to the application of plant extracts against 
pests comes from Rome and dates back to about 
400 B.C. (Dayan et al.  2009 ). Also, botanical 
insecticides were considered important products 
for pest management in Ancient China (Long 
et al.  2006 ) Egypt, Greece and India (Isman 
 2006 ). Even in the United States and some 
European countries, botanical insecticides were 
predominantly used before the discovery of 
 chlorinated hydrocarbons and organophospho-
rous insecticides in the late 1930s and early 

1940s. In the 1980s and 1990s, interest in the use 
of botanical insecticides started to increase sig-
nifi cantly, though not dramatically. This interest 
was driven primarily by concerns over the longer-
lasting synthetic insecticides, environmental 
impact and their residues on the different crops. 
At present, several dozens of plant insecticides 
are used worldwide, based on various extracts, 
especially of the families Rutaceae, Lamiaceae, 
Meliaceae, Asteraceae, Annonaceae, Malvaceae 
and Labiatae. The survey of (Mwine et al.  2011 )
which established that thirty four species belong-
ing to eighteen families are used in traditional 
agricultural practices for pest control in Southern 
Uganda. Botanical insecticides in their simplest 
form may be crude preparations of plant parts 
ground to produce a dust or powder that may be 
used full strength or distilled in a carrier such as 
clay, talc or diatomaceous earth (which itself is 
also insecticidal): such preparations include dusts 
from pyrethrum daisy fl owers, cube roots (rote-
none), sabadilla seeds, ryania stems or neem 
leaves, seeds or bark. Only slightly more sophisti-
cated are water extracts or organic solvent extracts 
of insecticidal components of plants. These 
extracts or resins are then prepared as liquid con-
centrations or applied to talc or clays to be used as 
insecticidal dusts. Pyrethrins, rotenone, neem, cit-
ronella and other essential oils commonly are for-
mulated as extracts or liquid concentrates. The 
most processed forms of botanical insecticides 
are purifi ed insecticidal compounds that are iso-
lated from plant materials by a series of extrac-
tions and distillations. Nicotine and limonene are 
distilled from plant materials or their extracts 
(Orozco et al.  2006 ; Recheigl and Recheigl  1999 ). 

 The plants that present biological activities 
against insects owe this feature to the presence 
of secondary metabolites, some of which have 
been widely investigated (Chandra et al.  2008 ). 

   Table 1.1    Global biopesticide and synthetic pesticide market   

 Category 

 Status of pesticides in different years (Million USD)  Average annual 
growth (%)  2003  2004  2005  2010 

 Biopesticides  468  562  672  1,075  9.9 
 Synthetic  27,144  26,600  26,076  24,205  −1.5 
 Total  27,612  27,162  26,748  25,280  −1.1 
 Biopesticides as % of total  4.25  4.25  4.25  4.25  4.25 

  Source: BCC Research ( 2006 )  
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The process of knowing and obtaining second-
ary metabolites against insects is by means of 
plant extracts, which can have variations 
according to the solvents used. Most of the sec-
ondary metabolites such as terpenoids and 
alkaloids are reported as candidates for insecti-
cidal compounds that could be an effective 
alternative for insect pest management (Joseph 
et al.  2012 ). 

 Essential oils can also be obtained or 
 dehydrated plant parts to be used as powders 
(Bobadilla et al.  2005 ). Secondary metabolites 
feature several properties against insects, like 
insecticidal activity, considered as that substance 
or mixture of substances that exert biocide action 
due to the nature of their chemical structure 
(Celis et al.  2008 ). However, most of the plants 
used against insects have an insectistatic rather 
than an insecticidal effect. This refers to the inhi-
bition of the insect’s development and behaviour, 
and it is divided into: repellence, antifeeding and 
deterrent activity (Eriksson et al.  2008 ), growth 
regulation, feed deterrence and oviposition 
 deterrence (Banchio et al.  2003 ; Dimetry et al. 
 2007 ; Dimetry  2012 ). Repellent activity is 
 presented in plants that have compounds with 
foul odour or irritating effects, which cause 
insects to get away from them (Peterson and 
Coats  2001 ). Antifeeding activity is exerted by 
compounds that, once ingested by the insect, 
cause it to stop feeding and eventually die of star-
vation (Isman  2006 ). Growth-regulating com-
pounds inhibit metamorphosis or provoke 
precocious moulting. They alter the growth-
regulating hormones and cause malformations, 
sterility or death in insects (Celis et al.  2008 ; 
Dimetry  2012 ). On the basis of the results of pes-
ticidal screenings, it has been established that a 
number of plants have broad pesticidal activity, 
and those commonly used in traditional agricul-
tural applications in many parts of developing 
countries, particularly in the tropical areas, are 
shown in Table  1.2 . More than 2,000 plant 
species are known to have insecticidal properties, 
where Euphorbiaceae, Asteraceae, Labiatae, 
Fabaceae, Meliaceae and Solanaceae families 

    Table 1.2    Species, families and parts used and evaluated   

 Species  Families  Parts 

  Abrus precatorius  L.  Fabaceae  L, S 
  Allium sativum  L.  Alliaceae  L 
  Anacardium 
occidentale  L. 

 Anacardiaceae  L 

  Annona senegalensis  
Pers. 

 Asteraceae  S, B 

  Artemisia annua  L.  Asteraceae  L, B 
  Azadirachta indica  
A. Juss. 

 Meliaceae  L, B, R, F 

  Balanites aegyptiaca  
Linn. Bel. 

 Zygophyllaceae  R 

  Bidens pilosa  L.  Asteraceae  L 
  Cannabis sativa  L.  Cannabaceae  L, S, F 
  Capsicum frutescens  L.  Solanaceae  F 
  Carica papaya  L.  Caricaceae  R, B 
  Chrysanthemum 
coccineum  Wild 

 Asteraceae  L, F 

  Clausena anisata   Rutaceae  L, R 
  Dalbergia saxatilis   Fabaceae  L, B 
  Dannettia tripetala   Annonaceae  L. 
  Eucalyptus globules   Myrtaceae  L, B 
  Gmelina arborea  Juss.  Verbenaceae  L 
  Hyptis sauvcolens  Poit.  Labiatae  Shoot 
  Jatropha curcas  L.  Euphorbiaceae  Sap, F, S, B 
  Khaya senegalensis  
A. Juss. 

 Meliaceae  S, B 

  Lannea acida   Anacardiaceae  B 
  Lawsonia inermis   Lythraceae  L 
  Melia azedarach  L.  Meliaceae  L, R, B 
  Mitracarpus scaber  
Zucc. 

 Rubiaceae  Shoot 

  Nicotiana tabacum  L.  Solanaceae  L 
  Ocimum gratissimum  L.  Liminaceae  L 
  Parkia clappentoniana  
Keay. 

 Mimosaceae  S, B 

  Phytolacca dodecandra  
L’Herit 

 Phytolaceae  L, F 

  Piper guineense  Schum 
&Thonn 

 Piperaceae  F 

  Piliostigma thonningii   Caesalpiniaceae  R, B 
  Prosopis africana  Linn.  Mimosaceae  S, B 
  Sphenoclea zeylanica  
Gearth 

 Sphenocleceae  Shoot 

  Tagetes minuta  L.  Asteraceae  L 
  Tephrosa vogelii  Hook  Fabaceae  L 
  Vernovia amygdalina  L.  Asteraceae  L 

  Source: Simon Koma Okwute ( 2012 ) 
 Key:  L  leaf,  B  bark,  S  seed,  R  root,  F  fruit  
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stand out (Garcia et al.  2004 ). Among the 
metabolites with biological activities against 
insects are fl avonoids, terpenoids, alkaloids, 
 steroids and phenols (Orozco et al.  2006 ).

   Botanical insecticides though natural in ori-
gin are not non-toxic or nonchemical. Some of 
the plant-derived compounds, particularly rote-
none and nicotine, are as toxic or more toxic to 
humans than many common synthetic insecti-
cides. In general, they are toxic to pests and ben-
efi cial insects alike, and if they are used 
repeatedly, botanical insecticides can disrupt 
natural biotic control of insect pests by their nat-
ural enemies. Their limited persistence in the 
environment helps to minimize their adverse 
effects, but plant- derived toxins with the excep-
tion of some neem formulations, e.g. NeemAzal 
T/S (Dimetry et al.  2013 ), certainly should not 
be viewed as harmless.  

   Selection Criteria of Botanical Pesticides 
     1.    It should be perennial.   
   2.    It should have a wide distribution and be pres-

ent in large numbers in nature; otherwise, it 
should be possible to be grown by agricultural 
procedures like tissue cultures and genetic 
engineering.   

   3.    The plant parts to be used should be remov-
able: leaves, fl owers or fruits.   

   4.    Harvesting does not mean destruction of the 
plant (avoid the use of roots or barks).   

   5.    The plants should require small space, 
reduced management and little water and 
fertilization.   

   6.    The plants could have additional uses (e.g. 
medicinal use).   

   7.    The plants used should not otherwise have a 
high economic value.   

   8.    The active ingredients preferably are effective 
at low concentrations.         

3     Current Botanicals in Use 

 On the basis of the results of pesticidal screen-
ings, it has been established that a number of 
plants have broad pesticidal activity, and those 
commonly used in traditional agricultural 

applications in many parts of the developing 
countries, particularly in the tropical areas, are 
shown in Table  1.2 , which are only representa-
tive but not exhaustive of the thousands of 
plants so far screened (Rajapake and Ratnaseka 
 2008 ). From various investigations, it has been 
established that activity is usually distributed in 
most cases among the various parts of the same 
plant though the lethality and quantities of the 
active components may vary (Rajapake and 
Ratnaseka  2008 ). 

 At present, there are four major types of 
botanical products used for insect control 
(pyrethrum, rotenone, neem and essential oils) 
along with three others in limited use (ryania, 
nicotine and sabadilla). Additional plant 
extracts and oils (garlic oil,  Capsicum oleo-
resin  and many constituent compounds) have 
not been produced for commercial use are 
known to have insecticidal or repellent charac-
teristics (Jacobson and Crosby  1971 ; Grainger 
and Ahmed  1988 ; Jacobson  1989 ; Berenbaum 
 1989 ; Hedin  1991 ,  1997 ). 

3.1     Botanicals with Insecticidal 
Effects 

 Throughout history, plant products have been suc-
cessfully exploited as insecticides, insect repel-
lents and insect antifeedants. Probably the most 
successful use of a plant product as an insecticide 
is that of the pyrethroids. The insecticidal proper-
ties of the several  Chrysanthemum  species were 
known for centuries in Asia. Crude pyrethrum 
powders were fi rst introduced to Europe around 
1800, and they were in use worldwide by around 
1850 (Casida  1973 ; Matsumura  1985 ; Casida and 
Quistad  1995 ). Even today, powders of the dried 
fl owers of these plants are sold as insecticides. 
After elucidation of the chemical structures of the 
six terpenoid esters (pyrethrins) (Fig.  1.2 ) respon-
sible for the insecticidal activity of these plants, 
many synthetic analogues have been patented and 
marketed. Synthetic pyrethroids have better pho-
tostability and are generally more active than their 
natural counterparts. 

N.Z. Dimetry
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 Pyrethrins poison insects and mammals in 
similar manners; they interfere with nerve trans-
mission by slowing or preventing the shutting of 
sodium channels in nerve axons (Bloomquist 
 1996 ). The results in insects are hyperactivity and 
convulsions; whole body tremors occur in mam-
mals. The mode of action and resulting symp-
toms of poisoning are generally similar for 
pyrethrins and synthetic organochlorine insecti-
cide. Although plant-derived pyrethrins are very 
toxic and fast acting against insects, they are not 
very toxic to mammals by oral or dermal routes 
at least in comparison with other insecticides 
(reviewed by Hayes  1982 ). When ingested, they 
are not readily absorbed from the digestive tract, 
and they are readily hydrolyzed in the acidic con-
ditions of the gut and the liver. As a result, pyre-
thrins are more toxic to mammals via inhalation 
than ingestion because inhalation provides a 
more direct route to the blood (Hayes  1982 ). 
Pyrethrum and, to a lesser extent, the extracts that 
contain pyrethrins can, however, cause irritation 
and allergic reactions in humans (Barthel  1973 ). 
Pyrethrins are moderately to highly toxic to fi sh, 
but their labile nature in the environment greatly 
reduces their potential hazard (Pilmore  1973 ). 

 In an attempt to counteract their instability in 
the environment, pyrethrins usually are  combined 
with antioxidants to extend their persistence. 
Insecticidal formulations usually contain syner-
gists to slow pyrethrin detoxifi cation by oxidative 
enzymes in target pests. Common synergists 
include piperonyl butoxide (PBO) and N-octyl 
bicycloheptene dicarboximide (MGK 264). 
Synergists often are added to pyrethrin formula-
tions at a ratio of 2:1 to 10:1 (synergist to 
insecticide). 

 Pyrethrum and pyrethrins are used most com-
monly in ectoparasiticides for humans and pets, 
aerosols for fl y control in livestock and in closed 
spaces such as greenhouses and grain storages. 
Pyrethrins are also combined with slower-acting 
botanicals such as rotenone or ryania in gardens. 
In their uses, the instability of pyrethrins is desir-
able so that unwanted residues do not persist on 
treated products or individuals. 

 Camphene, a plant terpenoid (Fig.  1.1 ), was a 
very successful herbicide in its polyhalogenated 

form. Sold as toxaphene, this product was the 
leading insecticide in the United States before it 
was removed from the market. Although this 
product was a mixture of over two hundred 
chlorinated forms of camphene, certain specifi c 
compounds in the mixture were found to be much 
more active than the mixture on a unit weight 
basis. Many other terpenoids have been demon-
strated to have insecticidal or other insect- 
inhibiting activities. For instance, azadirachtin 
and other terpenoids of the limonoid group from 
the families Meliaceae and Rutaceae are potent 
growth inhibitors of several insect species 
(Schmutterer  1990 ,  1995 ; Dimetry  2012 ).

   Nicotine, nornicotine and anabasine are 
related alkaloids derived from tobacco and other 
plant species in which they may comprise 2–8 % 
of the dry weight of leaves. Hayes ( 1982 ) reported 
that nicotine is usually derived from  Nicotiana 
tabacum . 

 Nicotine (Fig.  1.1 ) and nornicotine, compo-
nents of several members of the genus  Nicotiana , 
have been used commercially as insecticides.  N. 
rustica  is the chief commercial source. Other 
natural analogues of nicotine have been shown to 
have signifi cant insecticidal properties, and one, 
anabasine or nornicotine (Fig.  1.1 ), has been pro-
duced as an insecticide from the shrub,  Anabasis 
aphylla , in the Soviet Union. Synthetic variations 
of nicotine such as 5-methylnornicotine have 
been demonstrated to be effective insecticides. 
Ware ( 1988 ) reported that steam distillation is the 

  Fig. 1.1    Some plant-produced compounds with insecti-
cidal activity. I-camphene, II-nicotine, III-anabasine, 
IV-rotenone       
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most common current method for the preparation 
of commercial insecticides. Free basic nicotine is 
very unstable and it is used more often for green-
house fumigation. 

 Nicotine poisons insects and mammals by a 
similar mode of action. The overall symptoms of 
nicotine poisoning resemble those of poisoning 
by organophosphate or carbamate insecticides. 
Oral and dermal LD 50  values have been estimated 
in the range of 59–60 mg/kg, though a great range 
in toxicity estimates have been published (Hayes 
 1982 ; Ware  1988 ; Coats  1994 ). 

 Ryanodine (Fig.  1.2 ), an alkaloid from the 
tropical shrub  Ryania speciosa , has been used 
as a commercial insecticide against European 
corn borer. Physostigmine, an alkaloid from 
 Physostigma venenosum , was the compound 
upon which carbamate insecticides were 
designed. Furoquinoline and beta-carboline 
alkaloids such as dictamine and harmaline, 
respectively, are potent photosensitizing com-
pounds that are highly toxic to insect larvae in 
sunlight. The relative high toxicity to mammals 
and limited effi cacy have limited the use of nat-
ural alkaloid insecticides.

   Preparations of roots from the genera  Derris , 
 Lonchocarpus  and  Tephrosia  containing rote-
none (Fig.  1.1 ) were commercial insecticides in 
the 1930s. Rotenone is a fl avonoid derivative that 
strongly inhibits mitochondrial respiration. No 
other phenolic compound has been used com-
mercially as an insecticide, although the content 
of certain phenolic compounds in plant tissues 
has been correlated with host plant resistance to 
insects and many have been demonstrated to be 
strong insect growth inhibitors and antifeedants. 

 As in plants, delta amino levulinic acid (ALA), 
in combination with 2,2′-dipyridyl, can cause 
accumulation of toxic levels of photodynamic 
porphyrin compounds. Larvae of several insect 
species, when fed these compounds and exposed 
to light, were rapidly killed (Arnason et al.  1983 ). 
Protoporphyrin IX, the same compound caused 
to accumulate in plants by certain photobleach-
ing herbicides, is the porphyrin responsible for 
the toxicity of these compounds to insects. Other 
photodynamic compounds from plants such as 
polyacetylenes are acutely toxic to insects; 

 however, their general toxicity would probably 
 preclude them from commercial use. 

 Sabadilla is derived from the seeds of saba-
dilla lily,  Schoenocaulon offi cinale  Gray 
(Fig.  1.2 ). Sabadilla insecticides have been used 
for hundreds of years. The chemistry and uses 
of sabadilla have been reviewed by Jacobson 
and Crosby ( 1971 ). The major insecticidal com-
ponents of sabadilla are the alkaloids cevadine 
and veratridine (Fig.  1.2 ) which occur in the 
seeds (2–4 %). The extracted alkaloids are 
highly poisonous, e.g. LD 50  for veratridine 
1.35 mg/kg mouse intraperitonially. Ground 
seeds, on the other hand, appear to be quite safe 
(LD 50 , 5,000 mg/kg rat, oral) and are used after 
mixing with sodium carbonate solution as a 
contact and stomach poison to insects on food 
crops. No residues are left after the application 
of sabadilla because it breaks down rapidly in 
sunlight. Sabadilla acts as a stomach poison 
against caterpillars, leafhoppers, thrips, sting 
bugs and squash bugs. 

  Citrullus colocynthis is related to the 
Cucrbitaceae family. Its fruits were collected 
from Hagol Valley. This is a desert road between 
Cairo and Suez Governorates . The crude extracts 
of this plant have a deterrent effect against 
different pests. Different formulations of  Citrullus 
colocynthis  seeds were manufactured either 
from chloroform or alcohol extract in the form 
of dusting powder or emulsifi able concentrate. 
Chloroform extract contains free cucurbitacins, 
aglycone, but the alcohol extract contains cucur-
bitacins and fl avonoids in the form of glycosides. 
 Citrullus  powder was formulated with use of 
10 % extract, 10 % fi ne silica (silicon dioxide) 
and 80 % talc powder, while the emulsifi able 
concentrate was prepared with 10 % extract, 
10 % emulsifi able and 80 % solvent (mostly 
xylenes). The different formulations have insecti-
cidal as well as anti-ovipositional responses 
against  Callosobruchus maculatus  (Dimetry 
et al.  2007 ). The fruits have been used for the 
protection of clothes from insect pests. One com-
pany has produced special hangers with citrullus 
seeds to repel insects. 

  Nicandra physaloides  is related to the family 
Solanaceae. It is called Shoo plant. It has a potent 
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  Fig. 1.2    Some plant-produced compounds with insecticidal activity discussed in the review       
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insecticidal effect against whitefl ies. It is native 
in China. Its seeds  were obtained from the United 
States (New York). It is cultivated successfully in 
Egypt.   It  has been reported to contain an anti-
feedant steroid (Gill et al.  1986 ) and shows insec-
ticidal activity against aphids (Dimetry and 
El-Hawary  1995 ). 

 Himalayan cedar wood oil ( Cedrus deodara ) 
has a potent insecticidal effect against the pulse 
beetle ( Callosobruchus analis  F.) and the house-
fl y ( Musca domestica  L). Almost all fractions 
isolated showed insecticidal activity against both 
test species (Singh and Agarwal  1988 ). Also, 
Singh et al. ( 1984 ) reported the insecticidal 
potential of Himalayan cedar wood oil ( C. deo-
dara ) against Indian mosquitoes  Anopheles ste-
phensi  under laboratory conditions. 

 One of the most fantastic and important 
botanical insecticides is neem. Neem insecticide 
is derived from the tropical and subtropical 
 Azadirachta indica , a tree in the family Meliaceae 
(the mahogany family). This tree is native to 
southern and southeastern Asia and is now grown 
in different countries in Africa, America and 
Australia (Saxena  1989 ; Schmutterer  1990 ). 
Azadirachtin (Fig.  1.2 ) is the principal active 
ingredient in neem extracts. Neem’s value as an 
insect deterrent and as an insecticide has been 
known in India for centuries. Insecticidal prod-
ucts include teas or dusts made from leaves and 
bark extracts prepared from fruits, seeds or seed 
kernels and oils pressed from the seeds. Although 
all plant parts show some characteristics of 
insect repellence or suppression, seeds or seed 
kernels provide the greatest amounts of insecti-
cidal liminoids (Schmutterer  1990 ). Extraction 
in methanol is a common method of obtaining 
azadirachtin from seeds. 

 The numerous reported effects of neem on 
insects include repellence, feeding deterrence, 
oviposition deterrence, reduced growth and 
development and interference with reproduction 
(Schmutterer  1990 ; Dimetry  2012 ), but the bio-
chemical or molecular mode of action for such 
effects remain untouched. Neem and its principal 
component “azadirachtin” are extremely low in 
mammalian toxicity (Schmutterer  1990 ), and 
most forms are nonirritating to skin and mucous 

membranes. Neem extracts have been used 
medicinally for centuries in Asia and India to 
lower blood pressure, reduce infl ammation and 
reduce fevers. 

 Neem’s broad activity against plant-eating 
insects and its virtual non-toxicity to mammals 
make it an extremely appealing insecticide, and 
various products registered and approved by the 
US Environmental Protection Agency (EPA) are 
currently marketed for use as sprays, dusts or soil-
applied systemic insecticides. Schmutterer ( 1990 ) 
indexed research on target pests and reviewed 
neem’s uses. It is generally considered to be most 
effective against the soft-bodied immature stages 
of plant pests including whitefl ies (Dimetry et al. 
 1996 ), leaf miners, aphids and various caterpillars 
(Dimetry et al.  1995 ; Dimetry and Schmidt  1992 ; 
Dimetry and El-Hawary  1995 ), and it is low in 
toxicity to insect predators and parasitoids 
(Dimetry et al.  2013 ).  

3.2     Polyester of Sugars 

 A new class of insecticides was recently discov-
ered by Beltsville researchers led by Puterka in 
the United States that offers a safe and effective 
alternative to commercial insecticides. They are 
polyesters of sugars and include  sucrose  and  sor-
bitol octanoates . They were isolated from the 
poisonous hairs on the tobacco leaves which hith-
erto were assumed to contain nicotine, a popular 
insecticide. When insects were contaminated by 
rubbing, they caused death of the insects by a 
dehydration process, and rapidly degraded to 
harmless sugars and fatty acids. These polyesters 
are known to be effective against a variety of 
farm and domestic insect pests and the deadly 
parasitic  varroa  mite which usually settles on the 
back of honeybees (Bliss  2005 ).  

3.3     Repellent and Antifeedant 
Plants 

 Closely related to the insecticidal agents and 
sometimes used in combination with insecti-
cides in pest management strategies are some 
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classes of pesticidal agents with interesting and 
peculiar biological activities. They include 
insect  repellents, antifeedants  or  deterrents  and 
 attractants . These classes are far less common 
in plant sources than the insecticides but will be 
given some attention. Sometimes, a given 
insecticide may act as an insecticide or as a 
 repellent  depending on the concentration. The 
major difference between the two is that a 
repellent does not kill insects but keeps them 
away by exuding pungent vapours or exhibiting 
slightly toxic effects (Rajapake and Ratnaseka 
 2008 ). By these activities, a  repellent  prevents 
insects from perching or landing on the sur-
faces of targets. Thus,  repellents  can be used to 
prevent and control the outbreak of insect-
borne diseases such as malaria. The insects of 
interests in this regard include the mosquito, 
fl ea, fl y and  arachnid tick  (Maia and Moore 
 2011 ). The use of plant materials as  insect 
repellents  is increasingly receiving attention, 
particularly in the developing countries. For 
example, Seyoun et al. ( 2002 ) reported that in 
western Kenya, the natives employ direct burn-
ing of the species  Ocimum americanum  L., 
 Lantana camara  L.,  Tagetes minuta and 
Azadirachta indica . Some recent studies on 
repellent plants have led to the isolation and 
characterization of some active components. 
Prominent among these  compounds are calli-
carpenal  and  intermedeol  from the  Cymbopogon 
nardus  species, which showed promising alter-
native in the control of infestations by 
 Amblyomma cajennense  (Soares et al .   2010 ); 
 nepetalactone , a catnip  compoun d for the con-
trol of the Asian adult male and female lady 
beetle as well as cockroaches, fl ies, termites 
and mosquitoes (Suszkiw  2009 ; McElvain et al .  
 1941 ); and  geraniol  and  p-menthane-3,8-diol  
(PMD), monoterpenoid alcohols from the  citro-
nella  and  lemon oils , respectively (Bernad and 
Xue  2004 ). Some researchers have found that 
products containing 40 % lemon  eucalyptus  oil 
are as effective as products containing high 
concentrations of DEET and that neem oil can 
give up to 12 h of protection against mosquitoes 
in cage experiments (Carroll and Loye  2006 ; 
Mishra et al .   1995 ). Among few plants studied, 

some and their extracts ( Xylopia aethiopica ) 
have feeding deterrency or antifeedency (Soares 
et al.  2010 ). The hexane and methanol extracts 
of the fruits and seeds have been shown to possess 
strong termite  antifeedant  activity, and  entkauranes  
and some  phenolic amides  have been implicated. 
Among the  entkauranes , the activity was signifi -
cantly dependent on the structures and that 
 (−)-kau-16-en-19-oic acid  had the strongest 
antifeedant activity (Lajide et al .   1995 ). 

 Another species with promise is different for-
mulations from  Citrullus colocynthis  seeds: chlo-
roform and alcohol extracts of  Citrullus 
colocynthis  either as dusting powder or emulsifi -
able concentrate are effective bioinsecticides 
against  Callosobruchus maculatus  (F.). The chlo-
roform extract contains free aglycones of cucur-
bitacins, while an alcohol extract constitutes the 
cucurbitacins and fl avonones in glycosidic nature. 
They gave considerable protection for the stored 
cowpea seeds for different periods, depending on 
the kinds of storage sacks and the rate of formula-
tions used. Both damour and polyethylene sacks 
proved to be highly suitable for the storage of 
treated cowpea seeds. They protected the seeds 
completely from infestation for seven months, 
and no weight loss was detected in the stored 
seeds in the majority of treatments. This is due to 
the fact that  C. maculatus  was deterred com-
pletely from treated seeds and no infestation 
appeared (Dimetry et al .   2007 ; Dinan et al .   2001 ). 
Also, Juneja and Patel ( 2002 ) found that seeds of 
green gram treated with 1 % of either powdered 
custard apple or black pepper seeds were totally 
protected from the pulse beetle for up to fi ve and 
four months, respectively. Moreover, Raja et al. 
( 2001 ) and Dimetry et al. ( 2002 ) stated that the 
weight loss was reduced in stored pulses protected 
with a plant extract such as  Melia azadirachta , oil 
extracted from sweet fl ag ( Acorus calamus  L.) 
and different formulations of neem (NeemAzal 
T/S, NeemAzal F and NeemAzal T). All parts of 
the neem tree possess anti-insect activities, but the 
seed kernel is the most active. Neem bark, leaf, 
fruit and oil as well as extracts with various sol-
vents, especially ethanol, have been found to 
exhibit activity against different pests. About 413 
insect species are reportedly susceptible to differ-
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ent concentrations of neem preparations 
(Table  1.3 ). The repellent and antifeedant effects 
of neem have been reported against a wide range 
of different pests (Ketkar  1976 ; El-Sayed  1982 –
1983; Saxena  1989 ; Koul et al .   1990 ; Dimetry and 
Schmidt  1992 ). Another species with promise is 
the  Jatropha podagrica  plant cultivated in West 
Africa. The organic extracts showed reasonable 
 antifeedant  activity against  Chilo partellus , the 
maize stem borer, at concentrations of 100 %/leaf 
disc, the chloroform extract being the strongest. 
The most active compound isolated was  15-epi- 4 
Z-jatrogrossidentadion  (Aiyelaagbe et al .   2011 ).

    Attractants  are  semiochemicals  produced usu-
ally by some insects with effect on other insects 
as a communication tool and can be used to 
determine or control insect populations, particu-
larly by disrupting their mating patterns. Rarely 
do plants produce chemicals that attract insects 
that are natural enemies of other insects that feed 
on the plants except the tea tree (Weinzierl et al .  
 2009 ). Thus, fi eld application of this phenome-
non is not common and therefore will not be dis-
cussed further.  

3.4     Botanicals with Fungicidal 
Activity 

 Extracts from many plant species have been 
found to be active against many phytopathogenic 

fungi without imposing ill side effects (Lyon 
et al .   1995 ). In some cases, the active components 
have been identifi ed and tested directly. Some 
plant extracts act as contact fungicides. Some 
disrupt cell membrane integrity at different stages 
of fungal development, while others inactivate 
key enzymes and interfere with metabolic pro-
cesses. The results of various investigations 
have implicated essential oils of many species as 
possessing fungitoxic activity. They are therefore 
agents of protection in plants against diseases. 
Consequently, since the leaves, resins and lattices 
of plants contain essential oils more commonly 
than other parts of plants, they have been more 
commonly investigated for fungicidal activity 
(Rai et al .   1999 ; Rai and Acharya  2000 ). 

 Without an immune system to combat patho-
genic microorganisms, plants rely primarily on 
chemical protection with secondary compounds. 
Compounds that inhibit the establishment of and 
growth of plant pathogens are termed phytoalex-
ins. Many of these secondary compounds have 
been chemically characterized, and the proof that 
these compounds have such a role in plant disease 
prevention and control is being developed. In 
fact, there is some evidence that certain synthetic 
fungicides used in plant protection act by induc-
ing the production of phytoalexins in plants. 

 Several plant-derived compounds have been 
demonstrated to be strong elicitors of phytoalex-
ins. For instance, certain oligosaccharide compo-
nents of cell walls from stressed or dying higher 
plant cells will act as  elicitors.  Further knowledge 
of plant-derived phytoalexin elicitors could lead to 
their use as fungicides. Several isofl avonoid com-
pounds, such as glyceollin, phaseolin and pisatin 
(Fig.  1.3 ) in soybean, garden bean and pea, respec-
tively, have been implicated in the protection of 
these crops from pathogens. Many others con-
fi rmed or suspected phytoalexins have been identi-
fi ed. Some of these compounds have demonstrated 
utility against fungi under fi eld conditions. Foliar 
application of the phenolic lactone juglone 
(Fig.  1.3 ), a product of several walnut species, pro-
vides better protection of bean seedlings from rust 
than some commercial fungicides. Terpenoid phy-
toalexins and fungicides are known and some have 
been tested for commercial effi cacy. Wyerone, an 
acetylenic acid derivative produced by legumes as 

   Table 1.3    List of insect pests susceptible to neem products   

 Insect order  Number of susceptible species 

 Orthoptera  24 
 Dictyoptera  6 
 Dermapters  1 
 Phasmida  1 
 Isoptera  6 
 Thysanoptera  13 
 Phthoraptera  4 
 Hemiptera  82 
 Hymenoptera  8 
 Coleoptera  79 
 Lepidoptera  136 
 Diptera  49 
 Siphonaptera  4 
 Total  413 

  Source: Schmutterer and Singh ( 1995 )  
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a phytoalexin, has a wide fungicidal spectrum 
against plant pathogens and has been successfully 
tested against fungal infection of crop plants. 
Despite a repertoire of many  antifungal  and  anti-
bacterial  compounds, plant products have not 
been used to any signifi cant extent in the develop-
ment of  antimicrobial  pesticides.

3.5        Botanicals with Nematicidal 
Activity 

 Many plant species are known to be highly 
 resistant to nematodes. The most well docu-
mented of these include marigolds ( Tagetes  spp.), 
rattlebox ( Crotalaria spectabilis ), chrysanthemums 
( Chrysanthemum  spp.), castor bean ( Ricinus 
communis ), margosa ( Azadirachta indica ) and 
many members of the family Asteraceae and 
family Compositae (Duke  1990 ). The active 
principle(s) for this nematicidal activity has not 
been discovered in all of these examples, and no 
plant-derived products are sold commercially for 
the control of nematodes. In the case of the 
Asteraceae, the photodynamic compound alpha- 
terthienyl (Fig.  1.3 ) has been shown to account 
for the strong nematicidal activity of the roots.  

3.6     Botanicals with Molluscicidal 
Activity 

 The plant-derived saponins are generally highly 
toxic to snails. Cyanogenic glucosides are respon-
sible for the resistance of certain legumes to snails 
and slugs.  Bilharzia  affects millions of people, par-
ticularly children who play or swim in infected 

freshwaters in the developing countries of Africa, 
Asia and Latin America. The disease was discov-
ered in 1851 by Theodor Bilharz as the cause of 
urinary  schistosomiasis . It is associated with  certain 
species of aquatic snails of the genera  Biomphalaria , 
 Bulinus  and  Oncomelania . Therefore, one way of 
attacking the disease is to eliminate the host snails 
(Brown  1980 ; Dalton and Pole  1978 ). Chemicals 
that kill snails are called  molluscicidal agents.  
Most of the  molluscicidal agents  in use today are 
synthetic and, like most synthetic pesticides, are 
harmful to man and the environment.  Molluscicidal 
agents  of natural origin are important in the wide-
spread control of  schistosomiasis . Mirazid, an 
Egyptian drug from  myrrh , was being developed as 
an oral drug until 2005 when it was found to be 
only eight times as effective as  praziquantel , a syn-
thetic chemical, and has therefore not been recom-
mended by the WHO. However, other plants have 
been studied, and some have demonstrated poten-
tial activity that may provide leads for future drugs, 
but more important are the searches for mollusci-
cidal agents from plants to eliminate the host snails 
(Vet Parasitology  2009 ). This is the focus of the 
presentation in this chapter. 

 Adesina, Adewunmi, Kloos and McCullough 
have separately investigated the species  Clausena 
anisata  and found it to possess  molluscicidal 
activity  which is distributed among the root, 
leaves, bark and stem in a decreasing order of 
potency (Adesina and Adewunmi  1981 ; Kloos and 
McCullough  1987 ). Adedotun and Alexander 
( 2008 ) evaluated the  molluscicidal activity  of the 
aqueous and ethanolic extracts of fruits and roots 
of  Dalbergia sissoo  against the egg mass and 
adults of  Biomphalaria pfeifferi  and found that 
only the ethanolic extracts showed signifi cant 

  Fig. 1.3    Some plant-
produced compounds with 
fungicidal, nematicidal and 
rodenticidal activity. 
I-pisatin II-juglone, 
III-alpha-terthienyl, 
IV-strychnine       
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activities. Thus, the active constituents of  ethanol 
extracts are more potent than water (Adedotun 
and Alexander  2008 ; Dos Santos and Sant’Ana 
 1999 ). Similar observations have been recorded 
for  Clausena anisata  parts and  Tetrapleura tetrap-
tera  fruits, particularly when the active compo-
nents are  glycosides  (Table  1.4 ) (Adesina and 
Adewunmi  1981 ; Adesina et al .   1980 ).

3.7        Rodenticidal Plants 

 Plants produce a myriad of compounds that are 
poisonous to mammals. Some of these, such as 
strychnine (Fig.  1.3 ), are used in commercial 
rodenticides. The chronic poison warfarin and 
several analogues are coumarin derivatives. 
This chemistry led to the discovery of indane-
diones and 4-hydroxy-2H-1-benzopyran-2-ones 
as rodenticides (Duke  1990 ).  

3.8     Herbicidal Plants 

 Apart from insects and diseases disturbing crop 
plants, weeds also need to be controlled because 
they retard plant growth and reduce crop yields. 
Herbicides, also commonly known as weed killers, 
are pesticides used to kill unwanted plants. Selected 
herbicides kill specifi c targets while leaving the 
desired crop relatively unharmed. Inhibition of 
plant growth and production of phytotoxic symp-
toms by certain plants and their residues are a 
well-established phenomenon. In searching for 
potential herbicides from plants, screening of com-
pounds known to function in plant-plant interac-
tions is a logical strategy (Duke and Lydon  1987 ). 
Not only would they offer novel sites of action but 

these natural compounds would show strong 
 selection for target species. All plants produce sec-
ondary compounds that are phytotoxic to some 
degree. However, in only a relatively few cases has 
it been established that particular compounds pro-
vide the producing species a competitive advantage 
over other species that are less tolerant to the com-
pound. Only a few of these allelochemicals have 
been actively pursued as herbicides, and in these 
cases, the natural compound has been modifi ed. A 
derivative of the terpenoid allelochemical 1,8-cine-
ole (Fig.  1.4 ), with the common name of cinmethy-
lin (Fig.  1.4 ), is being commercially developed. 
ToxapheneReg., a mixture of chlorinated camphene 
derivatives, was sold as an herbicide and an insecti-
cide, but was removed from the market in 1982 by 
the EPA. Other very weakly phytotoxic compounds 
from plants such as benzoic acids can be made 
much more herbicidally active by halogen substitu-

   Table 1.4    Molluscicidal activity of  Clausena anisata  and  Tetrapleura tetraptera    

 Plant parts  Concentration  Mortality  Solvent 

  Clausena anisata   Root 6–10 ppm  100  Methanol 
 Leaves  1,000 ppm  53.3  Water 
 Stem  1,000 ppm  7  Water 
 Bark  1,000 ppm  40  Water 
  Tetrapleura tetrptera  fruit  100 %  100  Water 
 Fruit  10 %  100  Methanol 

  Source: Adesina and Adewunmi ( 1981 )  

  Fig. 1.4    Some plant-produced compounds and deriva-
tives with herbicidal activity. I-1,8-cineole, II-cinmethylin, 
III-hypericin, IV-delta amino levulinic acid       
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tions. Several benzoic acid derivatives such as 
dicamba (3,6-dichloro-2- methoxybenzoic acid) are 
widely used as herbicides.

   A few highly phytotoxic plant-produced 
compounds have been discovered. However, 
none have been developed as herbicides. The 
sesquiterpenoid lactone, artemisinin from 
 Artemisia annua  L., was found to inhibit plant 
growth as well as the commercial herbicide 
cinmethylin (Duke et al .   1988 ). Other com-
pounds, such as 2,4-dihydroxy-1,4-benzoxazin-
3-one, are as active as plant growth inhibitors as 
many herbicides. Plants produce many photody-
namic compounds, such as hypericin (Fig.  1.4 ), 
that are strongly phytotoxic, provided they can be 
introduced into the plant cell. These compounds 
are unlikely to be developed as pesticides 
because, in the presence of light, they are toxic to 
all living organisms. However, any plant can be 
caused to generate phytotoxic levels of photody-
namic porphyrin compounds by treating the plant 
with  d -aminolevulinic acid (Fig.  1.4 ), a natural 
porphyrin precursor, and 2,2′-dipyridyl, a syn-
thetic compound. This relatively safe combina-
tion of compounds is being developed as the 
“laser” herbicide (Duke  1990 ). Several classes of 
commercial herbicides have been shown to act by 
causing target plant species to accumulate phyto-
toxic levels of protoporhyrin IX, a photodynamic 
chlorophyll and heme precursor (Lydon and 
Duke  1988 ). Thus, a natural product, not the syn-
thetic herbicides, is the acutely toxic compound 
in these cases. Application of protoporhyrin IX 
alone to plant tissues, however, is not effective, 
apparently because it does not reach the proper 
cellular compartment in suffi cient quantity. 

 A problem with plant-produced phytotoxins 
as potential herbicides is that in the native state, 
they are generally only weakly active compared 
to commercial herbicides. Most known allelo-
chemicals would have to be applied at rates of 
more than 10 kg/ha to achieve signifi cant weed 
control, whereas most recently marketed herbi-
cides would achieve the same level of control at 
levels three orders of magnitude smaller. This is 
not unexpected, because the production of highly 
phytotoxic compounds would lead to strong 
autotoxicity unless the producing plant develops 

metabolic or physical mechanisms to cope with 
its own phytotoxins. Some of the more potent 
allelochemicals are toxic to the producing spe-
cies, and this autotoxicity has been implicated in 
vegetation shifts. Microbial conversion of rela-
tively non-phytotoxic compounds in the soil to 
highly phytotoxic derivatives has been docu-
mented (Duke  1986 ). 

 Plants have been much more successfully 
exploited as sources of pesticides for pests other 
than weeds. This is probably due to several fac-
tors. The selection pressure caused by pathogens 
and herbivores has probably been more acute and 
intense than that caused by plant competitors. 
A plant species can effectively compete with 
plant foes in many ways other than by poisoning 
them and having to cope with autotoxicity. 
Pathogens and herbivores have many potential 
physiological and biochemical sites of action 
for pesticides that the plant does not share. 
Biosynthesis of a compound to affect one of these 
sites reduces the chance of autotoxicity. Thus, the 
chemical option is generally a more attractive 
option in responding to an herbivore or pathogen 
that can rapidly devour or invade the plant than it 
is in responding to a plant competitor.  

3.9     Essential Oils 

 Essential oils (EOs), or their constituents, provide 
viable alternatives to synthetic pesticides with 
regard to effi cacy/dose, environmental impact and 
human health concerns. For example, based on the 
suggested seeding rate for corn of 70,000–81,000 
seeds per hectare (Nielson  2005 ), 28–32 g thymol 
per hectare or 56–65 g of citronellal per hectare 
would be required to protect seeds from wire worm 
damage, while 9–113 g of thiamethoxam per 
hectare (Cruiser 5FS, Syngenta Crop Protection, 
Greensboro, NC, USA) would be needed. 
Environmentally, the tested EOs are biodegradable 
and photodegradable, thereby greatly reducing 
their persistence in the environment. In addition, 
their relative lipophilicity and high vapour pressure 
reduce leaching into groundwater or their persis-
tence in soil or sediments (Isman  1999 ). 
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 In recent years, several researchers have 
reported the acute toxic effect of essential oils 
(EOs) on plant or human pests (Isman  1999 ; 
Hummelbrunner and Isman  2001 ). Of the EOs 
evaluated, the oil from the citronella plant 
( Cymbopogon nardus  L.) and its major constitu-
ent, citronellal, have shown the greatest promise 
for pest control (Isman  1999 ). Citronellal is 
often used as a non-toxic alternative to DEET 
( N,N -diethyl - m -toluamide) for protection against 
mosquitoes and other biting insects. In addition 
to citronellal, the acute toxicities (i.e. acaricidal 
and larvicidal) of other monoterpeniods have 
been reported. These include thujone from 
 Artemisia absinthium  L. on western corn root 
worm ( Diabrotica virgifera virgifera  LeConte), 
eugenol (from  Syzygium aromaticum  L.) on the 
two- spotted spider mite ( Tetranychus urticae  
Koch) and thymol from  Thymus vulgaris  L. on 
the common housefl y,  Musca domestica  L. (Lee 
et al .   1997 ). In addition, the oils from rosemary 
 (Rosmarinus offi cinalis  L.), thyme ( Thymus vul-
garis  L.) pepper mint ( Mentha piperita  L.), lav-
ender ( Lavandula angustifolia  Mill.) and 
spearmint ( Mentha spicata  L.) have all shown 
repellent activities against the two-spotted spider 
mite ( T. urticae ) (Hori  1998 ), while the EOs 
from thyme, peppermint and spearmint have also 
shown larvicidal activity against tobacco cut 
worm ( Spodoptera litura  L.) (Isman et al .   2001 ). 
Ngoh et al. ( 1998 ) demonstrated both contact 
and fumigant toxicities of eugenol against the 
American cockroach ( Periplaneta Americana  
L.). In addition, Waliwitiya et al. ( 2005 ) demon-
strated both contact and volatile toxicities from 
thymol, citronellal, eugenol and rosemary oil 
against late instar larvae of  Agriotes obscurus  
(L.). Also, the general    compatibility of EOs with 
organic farming practices make them attractive 
topics for researchers interested in developing 
sustainable agricultural practices, minimizing 
chemical use, regardless of the type or form of 
the compound is desirable and can be achieved 
by a more targeted use of these compounds, as 
seed/seedling protection agents, and not as 
broad- based soil or plant treatments. Despite 
these positive indications, relatively few EOs 
have been tested for their pesticidal effi cacy 
under greenhouse or fi eld conditions, and cur-

rently none have gained widespread use (Bernays 
 1983 ; Landis and Gould  1988 ). 

3.9.1     Mode of Action 
 Symptoms of insects acutely poisoned by certain 
essential oils or their pure constituents have 
shown similarity to neurotoxins, irrespective of 
the route of administration (Isman  1999 ). Insects 
poisoned with EOs often display hyperactivity, 
convulsions and tremors followed by paralysis 
(Isman  1999 ; Enan  2001 ). Enan ( 2001 ) reported 
that eugenol, terpenoid and cinnamic alcohol 
block octopamine receptor binding sites in 
American cockroach, therefore negatively affect-
ing the nervous system.    

4     Future Prospective 
of Botanical Pesticides 

 Reports on negative effects of synthetic pesti-
cides and environmental risks resulting from 
their indiscriminate application have renewed 
interest towards botanical pesticides as an eco- 
chemical approach in pest management. 

 Natural plant chemicals will play a signifi-
cant role in the future for pest control in both 
industrialized and developing countries. 
Biodiversity- rich countries should quickly 
bioprospect their traditionally used flora to 
document pesticide plants in order to check 
future cases of biopiracy and establish their 
sovereign right on the botanical pesticides 
developed from such plants.  

5     Expected Growth Rate 
of Botanicals 

 The main market for plant-origin insecticides is 
in parks and gardens. This is due to their low 
environmental persistence so that people will be 
less exposed to the toxic compounds. It is 
expected that within 10–15 years, these com-
pounds will increase 25 % in insecticide market 
share, and they will not be limited to garden 
areas but there may be a massive growth towards 
urban and agricultural uses. However, even 
though plant-origin insecticides are advanta-

N.Z. Dimetry



17

geous options from an ecological point of view, 
it would be unreasonable to think they will com-
pletely replace synthetic insecticides. On the 
contrary, it will be quite logical to expect a 
complementary use and the coexistence of the 
two kinds of compounds as it happens today 
with pyrethrum and synthetic pyrethroids in 
some IPM programs. On the other hand, organic 
agriculture is a market with a high demand for 
plant-origin insecticides as organic growers 
cannot use conventional agrichemicals. At this 
time, this market is expanding, and as a rule, 
rates of return are high, so this is an important 
“niche” to take care of.     
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Abstract

The documented negative impacts of synthetic insecticides on the environ-

ment as well as on human health, the consumers’ concerns over insecticide 

residues in foods, and the emergence of resistant insects call for new 

approaches to manage insect pests. In this context, research on the poten-

tial use of plant extracts and their constituents has grown dramatically in 

the past decade. Among terrestrial plant families, Annonaceae has drawn 

considerable attention since the 1980s, owing to the presence of aceto-

genins, a class of natural products with a broad range of insecticidal bio-

activities. Crude extracts from seeds, leaves, bark, twigs, and fruits 

obtained from the plant species of Annonaceae have been extensively 

tested in recent years for bioactivity to pest insects and related arthropods 

worldwide. Asimina triloba, Annona muricata, and Annona squamosa are 

the species that have been most frequently examined for their insecticidal 

effects.
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1  Introduction

Annonaceae is the largest plant family in the order 

2012) and com-

et al. 2005). Except for two related North 

Asimina and Deeringothamnus), 

). Annonaceae enjoyed considerable atten-

tion from plant systematists in the twentieth cen-

lifelong career studying herbarium specimens, 

mainly originating from the Neotropics. He con-

tributed greatly to the flora of Central America, 

the knowledge of the family of Annonaceae 

2007).
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Given the problems that synthetic insecticides 

have caused to the environment as well as to 

human health, there has been a surge of research 

on plant extracts and plant natural products for 

2010). The 

practice of using plant extracts in agriculture for 

pest control is not new. They have been used for 

at least two millennia, when botanical insecti-

cides were considered important products for 

. 
). 

countries, botanical insecticides were widely 

used before the discovery of organochlorine and 

organophosphate insecticides in the late 1930s 

1997). The Annonaceae 

family has drawn a lot of attention since the 

1980s, due to the presence of acetogenins, a class 

of natural products with a broad range of biologi-

cal activities, among which insecticidal activity 

).

2  Brief History of the  
Acetogenins and Their 
Pesticidal Activity

In the 1970s, the National Cancer Institute started 

-

cancer potential. He tested and screened over 

3,500 species of plants and found that the aceto-

genin compounds of the Annonaceae family had 

2008) 

-

cies that yielded these novel substances. These 

were Asimina triloba Goniothalamus 
giganteus, Annona squamosa
sweetsop), Annona muricata -

ola, guanabana), Annona bullata Asimina 
parviflora
Annona longifolia -

paw), Annona reticulata
Annona glabra Annona jahnii 

Annona cherimola
Xylopia aromatica Rollinia mucosa 

Rollinia emarginata 

Arguably, his most important contributions 

have been to our knowledge of the annonaceous 

acetogenins found in the pawpaw tree. From the 

pawpaw and these additional species, his research 

annonaceous acetogenins. Following his obser-

vations in 1982 that the North American pawpaw 

some 50 acetogenins in its seeds and bark with 

antitumor and pesticidal properties. The aceto-

genins are found in the leaves and branches and, 

predominantly, in the seeds of annonaceous 

-

togenins are potent inhibitors of a number of 

agricultural and other pests: mosquito larvae, 

striped cucumber beetles, European corn borers, 

melon or cotton aphids, blowfly larvae, and a 

Caenorhabditis elegans
et al. 1989 1989).

plant family had chemically been one of the least 

explored. The discovery of uvaricin, a bis -

isolated in 1982 from the roots of Uvaria accumi-
nata

1982). 

A. triloba; 

Fig. 2.1 A. muricata; 

Fig. 2.2 A. squamosa L.; Fig. 2.3) 

have been the species most intensively examined 

for their insecticidal effects. Each of these spe-

cies contains complex mixtures of acetogenins 

and monoterpenes are the main types of com-

pounds present in essential oils of Annona spe-

2003). From the wide variety of 

acetogenins, squamocin and annonacin have 

et al. 2008 ). The annonaceous aceto-

genins are an important group of long-chain fatty 

acid derivatives found exclusively in the plant 

this class have been published in the literature 

since the discovery of uvaricin. The potential 

application of acetogenin molecules is linked 
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2011).

3  Mode of Action 
of Acetogenins

Acetogenins are mitochondrial poisons, inhibit-

ing cellular energy production through a mode of 

action identical to that of the well-known botani-

1991

transport in the mitochondria, causing apoptosis 

1999). Acetogenins also inhibit insect 

2.1).

4  Research on Natural 
Insecticides from the  
Annonaceae in Canada

The majority of research on natural insecticides 

from Annonaceae conducted in Canada has taken 
Fig. 2.1 Asimina triloba

Agriculture)

Fig. 2.2 Annona muricata
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activities of crude seed extracts of A. squamosa 

-

back moth, Plutella xylostella
Trichoplusia 

ni
determined using different bioassays. Aqueous seed  

extracts and an aqueous emulsion of ethanolic 

seed extracts were toxic to both species. A crude 

aqueous extract also deterred feeding of fourth-

instar P. xylostella in a leaf disc choice bioassay. 

Toxicities of crude aqueous extracts to natural 

enemies, Chrysoperla carnea
Orius insidiosus 

-

gated using direct spray and residual contact 

tests. C. carnea larvae were less susceptible to 

Fig. 2.3 Annona squamosa
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the extracts than were O. insidiosus adults 

).

-

cacy of crude seed extracts of A. squamosa against 

larvae of the diamondback moth, P. xylostella L., 

feeding on cabbage. Three greenhouse trials were 

carried out using aqueous seed extracts and an 

aqueous emulsion of ethanolic seed extracts. At a 

-

sion of an ethanolic seed extract was 2.5-fold 

more effective than 1 % rotenone, a commercial 

botanical insecticide. Crude aqueous seed extracts 

widely used botanical insecticide. Crude ethano-

lic seed extracts of A. muricata, A. squamosa 

Lansium domesticum, and 

Sandoricum koetjape

were screened for inhibition of larval growth 

against the polyphagous lepidopteran Spodoptera 
litura A. squamosa were 

A. muricata ). A simi-

lar study of A. squamosa and Annona atemoya 

extracts of A. squamosa were ~10 times more 

active as a feeding deterrent than A. atemoya 

against third-instar T. ni larvae in a leaf disc choice 

bioassay. A. squamosa was ~ three times more 

active as a growth inhibitor than A. atemoya. 

A. squamosa and 

A. atemoya were toxic to third-instar T. ni larvae 

following either topical or oral application. 

A. squamosa was more toxic through feeding 

50

A. atemoya exerted greater toxicity via topical 

50

A. squamosa and A. atemoya extracts 

reduced leaf area consumption and larval growth 

2010 2.5).

-

lic extract obtained from seeds of A. squamosa 

was evaluated for its larvicidal effect against the 

mosquitoes Aedes aegypti and Aedes atropalpus. 

The extract produced >70 % mortality in both 

A. aegypti at concen-

trations of 250–500 ppm. In most cases, mortal-

concentration of 100 ppm, the extract produced 

complete mortality of young instar larvae of A. 
atropalpus A. atropalpus
more susceptible than A. aegypti
and Isman ).

5  Research on Natural 
Insecticide from the  
Annonaceae Worldwide

Crude extracts from seeds, leaves, bark, twigs, 

and fruits from Annonaceae have been exten-

sively tested in recent years for bioactivity to pest 

insects and related arthropods.

2009) assessed the effectiveness of two 

botanical insecticide formulations: mixtures of 

Piper retrofractum A. squa-
mosa extracts and Aglaia odorata
and A. squamosa extracts at 0.05 and 0.1 %. 

These concentrates were compared to the syn-

thetic pyrethroid insecticide deltamethrin at 

Bacillus 
thuringiensis
cabbage insect pest populations. The applica-

tion of both mixtures and conventional formula-

tions decreased populations of Crocidolomia 
pavonana P. 
xylostella

Fig. 2.4 Chemical structures of annonacin and squamo-

cin, major insecticidal acetogenins from the seeds of com-

monly cultivated Annona species

2 Natural Insecticides from the Annonaceae: A Unique Example for Developing Biopesticides
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Fig. 2.5 Greenhouse trial measuring mean leaf area con-

a b) by third-

instar T. ni when placed on cabbage plants sprayed with an 

increasing concentration of A. atemoya and A. squamosa 

crude extract

The mixtures of botanicals at 0.1 % were more 

effective than the synthetic insecticide, and they 

did not affect the performance of insect pest 

natural enemies. Effects of plant extracts were 

Tuta absoluta 

laboratory and greenhouse conditions. Anosom 

thereof were very effective in controlling this 

2011). Laboratory 

experiments examined the effects of pawpaw A. 
triloba
and feeding deterrence of the striped cucumber 

beetle, Acalymma vittatum
extract reduced feeding by 89 % and 97 % at 

concentrations of 1 % and 5 %, respectively. 

The calculated LC50 value was 5.05 %, whereas 

the LCF10

of the leaves were consumed) was 0.20 %. At 

10 %, only 10 % of the beetles were killed; how-

ever, only 3 % of the leaf tissue was consumed. 

Thus, pawpaw fruit extract may be an effective 

2010).

The bioactivity of an ethanolic leaf extract of 

A. muricata on the development of the larvae and 

pupae of the diamondback moth P. xylostella was 

2011). At the highest 

extract caused 100 % larval mortality; at lower 

concentrations, the duration of the larval phase 

-

was far less affected by exposure to the extracts, 

although the duration was increased by up to 

1 day in the presence of nonlethal concentrations. 

of A. montana ) – annonacin, cis-

annonacin- 10-one, densicomacin-1, gigantet-

evaluated for their antifeedant and toxic effects on 

Spodoptera frugiperda
Noctuidae), a serious pest affecting corn crops in 

Argentina and throughout the Americas. All the 

acetogenins produced 100 % mortality during the 

larval or pupal stages at 100 ppm in diet. In addition, 

the compounds annonacin, cis-annonacin-10-one, 

2 Natural Insecticides from the Annonaceae: A Unique Example for Developing Biopesticides
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and densicomacin- 1 deterred feeding by more 

2012).

Among sucking insects, aqueous extracts of 

various annonaceous and other plants were tested 

aphid, Macrosiphum rosaeformes
laboratory conditions. Thirteen plant extracts 

were tested. Garlic, Allium sativum
found to be the most effective, followed by cus-

tard apple, A. squamosa
heart, A. reticulata
neem, Azadirachta indica
et al. 2011 2009) tested the cold- 

pressed oil from the seeds of A. squamosa. The 

oil was effective in controlling the silverleaf 

whitefly, Bemisia argentifolii

leaves of tomato plants under greenhouse condi-

in controlling the cotton aphid, Aphis gossypii 

Tetranychus 
 kanzawai
soybean leaves. Nymphs of the potato psyllid, 

Bactericera cockerelli

extracts of A. muricata, Carica papaya, 

Euphorbia dentata, Thuja occidentalis, Sapindus 
saponaria, and A. indica. After 72 h, A. muricata 

seed extract, at concentrations of 2,500 and 

5,000 ppm, produced 98 and 100 % mortality of 

potato psyllid nymphs, followed by A. indica oil, 

causing 91 and 100 % mortality at 2,000 and 

2,500 ppm, respectively. A. muricata seed extract 

was the most effective insecticide in the study 

2011).

Increased concern by consumers over insec-

ticide residues in food products, the occurrence 

of insecticide-resistant insects, and the precau-

tions necessary to work with traditional chemi-

cal insecticides call for new approaches to 

et al. 2012

pests using materials of plant origin is the sub-

ject that has received considerable research 

attention because of their minimal environmen-

). Chemical pesticides have often provided 

the first line of defense against insect pests 

costs for resource-poor farmers in developing 

Fig. 2.6 Annona montana

M.B. Isman and R. Seffrin
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 countries. The need for cheaper but effective 

options for combating insect pests has resulted 

in the resurgent use of plant materials where the 

majority of the farmers in developing countries 

2011 2012) tested the 

bioactivity of Jatropha curcas and A. muricata 

Sitophilus zeamais
by using dipping and surface protectant meth-

J. curcas and A. muricata extracts had 

contact and stomach poison activities against 

S. zeamais
mortality was 90 and 70 %, respectively, at a 

surface protectant method, weevil mortality was 

crude extracts. J. curcas and A. muricata extracts 

can reduce F1 progeny production, weight loss, 

and rice grain damage.

The insecticidal and repellent activities of 

fruit extracts of Xylopia aethiopica
Dennettia tripetala

Annonaceae) were studied against the rice weevil 

Sitophilus oryzae
postharvest pest of rice and other cereal products. 

adult weevil mortality and a reduction in F1 

-

P < 0.001) toxic to S. oryzae
−2) producing 

-

tometer repellence test. These results suggest that 

X. aethiopica and D. tripetala natural extracts 

have potential use as part of an integrated pest 

management system for stored product protec-

tion against S. oryzae 2012).

A. squamosa
Moringa oleifera Eucalyptus globu-
lus
seed protective effect against the confused flour 

beetle, Tribolium castaneum

A. squamosa, M. oleifera, 

and E. globulus separately, mortality increased 

with increasing concentrations and resulted in 

100 % mortality within a short period of 

8–10 days at the highest concentration. Larvae 

that were introduced to these cultures did not 

grow well or molt to the next developmental 

stage. These plants are also very effective at pre-

venting seed damage. The seed protective effect 

ranged from 39 to 82 % for A. squamosa, 

M. oleifera E. 
globulus. Considering the insecticidal and seed 

protective effect, these three plant powders could 

be employed as alternatives to chemical and syn-

et al. 2012).

pavine, a juvenile hormone analogue isolated 

from the leaves of A. squamosa L., caused inhibi-

larvae of the bruchid beetle Callosobruchus chi-
nensis
and pupal-adult intermediates was observed as 

well as adults with various ovarian abnormalities 

2012).

2011) conducted a survey on 

farmer ethno-ecological knowledge of pests of 

-

ment practices including pesticidal plant use in 

-

cluded that the rational use of pesticidal plants 

for insect pest management needs a constructive 

collaboration between scientists and farmers. 

-

cacious use of the pesticidal plants widely used 

quantities, so cultivation may be an important 

consideration to increase their availability. 

propagation and cultivation of those plant spe-

cies. This would have a positive impact on the 

availability of such plants and encourage more 

farmers to use them.

as A. aegypti L. are important pantropical vectors 

2012). Essential oils of Guatteria hispida, G. 
blepharophylla, and G. friesiana were tested 

against A. aegypti

2 Natural Insecticides from the Annonaceae: A Unique Example for Developing Biopesticides
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the main constituent of the leaves of G. blepharo-
phylla; in G. friesiana, the α- and β-geudesmols 

prevail; and in G. hispida α- and β-pinene and 

E)-caryophyllene are the predominant com-

pounds. The lethal concentrations LC50, LC95, 

and LC99

G. hispida
138.37 ppm for G. blepharophylla

G. friesiana. The oil 

extracted from G. friesiana presented the best 

2011).

2012) described morphological 

changes that occur in the midgut of third-instar  

A. aegypti -

ment with a methanolic extract of Annona coria-
cea. Insects exposed to the extract displayed 

columnar and regenerative midgut cells. The api-

cal surfaces of columnar cells exhibited cytoplas-

mic protrusions oriented toward the lumen, 

suggesting that these cells could be involved in 

 

A. coriacea extracts induced morphological 

alterations in the midgut of A. aegypti midgut lar-

vae, supporting the use of plant extracts for con-

trol of this disease vector.

Cytotoxicity and larvicidal properties of the 

leaf extracts of A. muricata, A. senegalensis 

A. squamosa L. were tested against 

brine shrimp larva and late 3rd instar of Culex 
quinquefasciatus -

erties of A. senegalensis being described for the 

A. 
squamosa may prove to be the best natural 

source of larvicidal agents. The LC50 values for 

crude extracts of A. senegalensis and A. squa-
mosa μ

μ
respectively, for C. quinquefasciatus
et al. 2009). An extract obtained from the fruits 

of Indian neem, A. indica, and seeds of A. squa-
mosa L. was tested against the head louse 

Pediculus humanus capitis
extracts of these plants produced high levels of 

mortality in adult lice. A. squamosa L. extract 

showed more potent activity than A. indica 

2009).

6  Solvents Used for Extracting 
Acetogenins

An ethanolic extract of A. squamosa leaves 

showed potent activity against the rice weevil S. 
oryzae -

50

2010). Kamaraj et al. 

2011) assessed the larvicidal activities of hex-

ane, chloroform, ethyl acetate, acetone, and 

methanol dried leaf and bark extracts of A. squa-
mosa, Chrysanthemum indicum, and Tridax pro-
cumbens against fourth-instar larvae of the 

malaria vector, Anopheles subpictus Grassi, and 

Culex tritaenio-
rhynchus

exposure; however, the most toxic were the meth-

anolic bark extract of A. squamosa, leaf ethyl 

acetate extract of C. indicum, and leaf acetone 

extract of T. procumbens against the larvae of  

A. subpictus 50 = 93.80, 39.98, and 51.57 

A. squa-
mosa, leaf methanol extract of C. indicum, and 

leaf ethyl acetate extract of T. procumbens  

against the larvae of Cx. tritaeniorhynchus 

-

tively. The acetone, chloroform, hexane, petro-

leum ether, and ethanol extracts of A. squamosa 

foliage were studied against the early fourth-

instar larvae of A. aegypti, Anopheles stephensi, 
and Culex quinquefasciatus. Larval mortality 

showed moderate larvicidal effects; however, the 

greatest larval mortality was obtained with a 

2011).

2012) used water 

and ethanolic extracts to determine the activity 

of stem and leaf extracts of A. muricata L.,  

A. diversifolia A. lutescens
against larvae of Anastrepha ludens

M.B. Isman and R. Seffrin
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fruit fly). Extracts of the three Annona species 

showed time- dependent larvicidal activity 

against A. ludens, with variable mortality rates 

at 72 h of exposure as follows: A. lutescens 

A. diversifolia 70–90 %, and A. 
muricata 2013) 

tested crude ethanolic extracts of A. muricata 

L. seeds and Piper nigrum L. fruits against A. 
aegypti larvae. The LC50 value for A. muricata 

μ P. nigrum μ
2010) investigated the toxic 

effects of ethanol extracts of seeds of A. squa-
mosa and Calotropis procera
against different developmental stages of the 

housefly Musca domestica

50 values for the extracts of  

C. procera and A. squamosa seeds were 870 

-

A. 
squamosa exhibited maximum inhibitory 

from all three developmental stages of the fly. 

The extracts can be dissolved in other solvents 

such as dichloromethane, dimethyl sulfoxide, 

2010). From this infor-

mation, it can be inferred that acetogenins can 

range from very polar, such as those extracted 

by water and ethanol, to nonpolar, i.e., those 

extracted by hexane; however, environmental 

considerations would suggest the use of more 

2005).

7  Commercial Pesticides Based 
on the Annonaceae

Acetogenins for insect control will probably con-

and Isman ), at least in developing coun-

tries or for use in organic food production in 

and mixed with water or alcohol for application 

in Indian tea plantations. They can be useful 

against stem borers, sucking pests, and scale 

2011). The North 

American pawpaw A. triloba is a tree fruit in the 

early stages of commercial production in the 

acetogenins with pesticidal properties in the 

twigs, unripe fruit, seeds, roots, and bark tissues. 

However, commercial development of these 

compounds, based on twig extracts, has been 

problematic due to limited availability of bio-

2009). 

Commercially formulated botanicals are often 

more expensive than synthetic insecticides and 

2012).

Globally, the rapid increase in the human  

population and limited availability of arable land 

are becoming key factors stimulating market 

growth for agrochemicals. Also since 1990, the 

world market for organic produce has grown. 

and other foods is leading even conventional 

growers to reduce their use of synthetic pesti-

cides and consider alternatives, creating greater 

market space for botanical insecticides.

8  Conclusion

Asimina triloba, Annona muricata, and Annona 
squamosa L. are the species that have been most 

frequently examined for their insecticidal 

effects. Extracts from Annonaceae have been 

tested for control of Lepidoptera, Hymenoptera, 

Spodoptera frugiperda, Plutella xylostella, 

Aedes aegypti, and stored grain insects. Crude 

extracts from seeds, leaves, and fruits have been 

frequently tested as biopesticides to control 

arthropods. At present, there are two commer-

cial insecticides in India based on an Annona: 

Anosom A. squamosa and A. 
reticulata, containing 1 % squamocin as the 

extract of A. squamosa). The registration and 

pesticide products are important barriers to 

using their empirical familiarity with plant 

properties to protect their crops from pests 

2008).

2 Natural Insecticides from the Annonaceae: A Unique Example for Developing Biopesticides



32

References

-

cida de tres especies de Guatteria -

tra Aedes aegypti

-

-

ceous acetogenins on Oncopeltus fasciatus
81:85–89

-

verised leaves of Annona squamosa Moringa ole-
ifera Eucalyptus globulus
the stored grain pest, Tribolium castaneum

Jatropha 
curcas and Annona muricata seed crude extracts 

against Sitophilus zeamais
Entomol 9:13–22

-

tial and anti AchE activity of some plant extracts in 

Musca domestica

de suspensiones acuosas de Annona muricata 

Aedes aegypti Linnaeus 

Evaluation of selected indigenous pesticidal plant 

Aedes aegypti 

an Annona coriacea

botanical insecticides formulations to major cabbage 

Effects of crude seed extracts of Annona atemoya 

and A. squamosa L. against the cabbage looper, 

Trichoplusia ni in the laboratory and greenhouse. Crop 

some plant extracts against rose aphid Macrosiphum 
rosaeformes

-

togenins from Annona montana on Spodoptera frugi-
perda

of some plant extracts against Tuta absoluta

taxonomic studies on Guatteria

Insecticidal effect of plant extracts on Bactericera 
cockerelli

evaluation of Annona muricata L., A. diversifolia 

morphological alterations induced by ethanolic 

extracts of Annona muricata and Piper nigrum against 

the dengue fever vector Aedes aegypti

Annonaceous acetogenins: the unrevealed area for 

repellents in modern agriculture and an increasingly 

-

tumor agent from Uvaria accuminata

and pesticidal plant use for protection of stored 

against Anopheles subpictus and Culex tritaeniorhynchus. 

M.B. Isman and R. Seffrin



33

Annona muricata Linn) seeds to mos-

Aedes aegypti
12:28–32

regulating activity of the phytochemical 

Callosobruchus chinensis

extract of leaves of Annona
2:177–180

and repellent activity of Annona squamosa extracts 

activity of crude seed extracts of Annona squamosa 

extracts of Annona squamosa against diamondback 

moth, Plutella xylostella

crude seed extracts of Annona spp., Lansium domesti-
cum and Sandoricum koetjape against lepidopteran 

oil and extracts from seeds of sugar apple. Neotrop 

medicinal herbs for bioactivity against Sitophilus zea-
mais Tribolium castaneum

-

vicidal and cytotoxic activities of three Annona spe-

reconstruction and molecular dating in four 

Neotropical genera of Annonaceae: the effect of taxon 

Asimina tri-
loba

doi:

-

crobial activity of the essential oils from Annona cheri-
mola

and feeding deterrent for striped cucumber beetle 

seed extract of Annona squamosa Annonaceae) to 

larvae of Aedes aegypti and A. atropalpus

del extracto de Annona muricata en Plutella xylostella 

37:223–227

Insecticidal effect of fruit extracts from Xylopia aethi-
opica and Dennettia tripetala
Sitophilus oryzae

Tetrameranthus 

2 Natural Insecticides from the Annonaceae: A Unique Example for Developing Biopesticides

http://dx.doi.org/10.1155/2012/646740


35D. Singh (ed.), Advances in Plant Biopesticides,
DOI 10.1007/978-81-322-2006-0_3, © Springer India 2014

Abstract

Africa suffers chronic food insecurity resulting from ravaging effects of 

insect pests, weeds and poor soil fertility, with rising poverty and increas-

ingly dry and hot weather conditions associated with climate change fur-

ther aggravating this situation. Scientists at the International Centre of 

Insect Physiology and Ecology (icipe) together with national and interna-

tional partners have developed a platform technology, ‘push–pull’, based 

on locally available companion plants for integrated management of these 

constraints by exploiting innate plant defence systems including secondary 

metabolism. This involves intercropping cereal crops, the main staple and 

cash crops for millions of smallholder farmers in the continent, with forage 

legumes in the genus Desmodium and planting Napier grass as a trap plant 

around this intercrop. Stemborer pests are attracted to Napier grass (pull) 

and are repelled from the main cereal crop by the repellent desmodium 

(push). Desmodium root exudates effectively control the parasitic striga 

weed by causing abortive germination and also improve soil fertility 

through nitrogen fixation, provide natural mulching and improve biomass. 

Both companion plants provide high-value animal fodder, facilitate milk 

production and fetch additional income for farmers. The technology is 

appropriate to smallholder mixed cropping systems in sub-Saharan Africa 

(SSA) as it effectively addresses major production constraints and signifi-

cantly increases cereal yields. It is currently being practiced by about 

90,000 smallholder farmers in eastern Africa and has also been adapted 
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1  Introduction

Food insecurity is a major setback to realisation 

of economic growth in Africa and is complicated 

by continuous decline in per capita food produc-

tion in the recent past, making the continent a net 

importer of agricultural commodities. The situa-

tion is graver in sub-Saharan Africa (SSA) where 

land degradation, pests and weeds are major 

constraints to efficient production of crops and to 

human and livestock health. These constraints in 

addition to being partly responsible for the food 

insecurity in the region also affect nutrition and 

income thus causing abject poverty, with over 

-

ple) being undernourished. Cereals, principally 

maize, Zea mays (L.); sorghum, Sorghum bicolor 

Eleusine coracana 

(L.) Gaertn.; and rice, Oryza sativa (L.), are the 

most important food and cash crops for millions 

of rural farm families in SSA. Cereal production 

in the region is however severely affected by a 

series of constraints, mainly biotic and abiotic. 

Among the biotic constraints is a complex of 

), the most injurious 

insect pests attacking cereal crops in the region, 

with the indigenous Busseola fusca (Noctuidae) 

and the invasive Chilo partellus (Crambidae) 

being the most important. Attack by stemborer 

pests causes significant yield losses, ranging 

-

var, stage of the crop at infestation and infestation 

level (Kfir et al. ). Effective control of 

 stemborers is difficult, largely due to the cryptic 

and nocturnal habits of the adult moths and the 

protection provided by the host stem for immature 

pest stages (Ampofo 

 conventionally recommended chemical control 

strategies are often impractical and uneconomi-

cal for smallholder farmers (Van den Berg and 

Nur ), while effectiveness of some of the 

cultural control methods, considered cheaper for 

resource-constrained farmers, is not empirically 

demonstrated (Van den Berg et al. ).

In addition to stemborers, parasitic weeds in 

the genus Striga
), commonly known as striga, are another 

group of serious biotic factors constraining cereal 

striga out of which S. hermonthica is by far the 

land in the region (Lagoke et al. ). Infestations 

of cereal crops by striga result in severe grain 

(Berner et al. ), with the most affected being 

the resource-poor subsistence farmers (Gurney 

et al. ). Striga weakens the host, wounding its 

outer root tissues and absorbing its supply of 

moisture, photosynthates and minerals (Tenebe 

and Kamara ), and is so ingeniously adapted 

) 

and integrated with the host that it will only ger-

minate in response to specific chemical cues pres-

ent in root exudates of its hosts or certain non-host 

plants (Yoder ; Parker and Riches ). It 

also causes ‘phytotoxic’ effects within days of 

attachment to its hosts (Frost et al. ; Gurney 

et al. ), whose underlying mechanism has not 

yet been elucidated (Gurney et al. ). These 

effects result in a large reduction in host plant 

height, biomass and eventual grain yield (Gurney 

et al. ). Various control strategies have been 

tried, some with partial or local success, but all 

to harsh conditions associated with climate change by 

incorporating drought-tolerant companion plants. This chap-

ter highlights the developmental process of the technology 

and its benefits in SSA in the face of climate change.

Keywords
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have limitations and none has provided a com-

). It has also been 

complicated by the abundant seed production by 

striga plants, longevity of the seed bank (Bebawi 

et al. ) and a complicated mode of parasitism. 

The effects of striga are most severe in degraded 

environments, with low soil fertility and low rain-

fall, and in subsistence farming systems where 

there are few options for purchasing external 

inputs (Sauerborn et al. ; Gurney et al. ). 

extend to new areas in the region as farmers aban-

don heavily infested fields for new ones (Khan 

et al. ; Gressel et al. ), a practice that is 

untenable due to consistent reduction in landhold-

ings due to increases in human population.

The soils are also severely degraded, and these 

conditions are further aggravated by the effects of 

climate change. This results into high food and 

nutrition insecurity and poverty as the average 

farmers are resource-constrained and therefore 

unable to invest in pest and soil fertility manage-

ment. They are expected to increase during the 

next few decades as agriculture intensifies to meet 

the extra food demand from a growing population 

and as a result of increasingly dry and hot weather 

conditions associated with climate change.

2  Opportunities 
for Agricultural 
Development  
in Sub- Saharan Africa

It is recognised that economic growth led by the 

agricultural sector has a disproportionately pos-

itive impact on the poor and has a documented 

effect on reducing poverty (World Development 

Report ). Increasing cereal production is 

therefore an important challenge in addressing 

economic growth, alleviating poverty and 

arresting environmental degradation over most 

millions of smallholder farmers in predomi-

nantly mixed crop–livestock farming systems 

in the region (Romney et al. ). There is 

thus a need to enhance technical efficiency in 

the production systems in order to address the 

widening gap between food supply and food 

demand in the region. Given that SSA is the 

only region in the world where hunger and pov-

erty are projected to worsen over the next two 

decades, there is a need for drastic action to 

improve agriculture and economic develop-

ment. Attention should strongly focus on envi-

ronmental sustainability of soil, crop and water 

resources and sustainable ways of managing 

weeds and pests through ecologically sound 

agronomic innovations. According to the pov-

erty reduction strategy reports, growth in the 

agricultural sector, achievable by reducing 

major constraints to productivity mentioned 

above, in target countries is essential to reduc-

ing poverty and ensuring food security. This 

will benefit mainly poor cereal–livestock small-

in some cases insecticides and herbicides can 

help to alleviate these problems, complete con-

constrained subsistence farmers in SSA cannot 

afford expensive chemicals. A large number of 

farmers, therefore, do not attempt to manage 

stemborers or striga, resulting in high grain 

yield losses and food insecurity (Chitere and 

).

3  Exploiting Phytochemicals 
for Sustainable Cereal 
Production

To provide an effective and compatible manage-

ment approach to smallholder farmers in SSA, a 

series of studies were conducted to identify com-

panion plants that would naturally manipulate the 

pest behaviour while delivering additional bene-

fits to the farmers. These studies led to develop-

ment of a cropping strategy, known as ‘push–pull’, 

which exploits phytochemicals released by care-

fully chosen companion plants grown in between 

and around the main cereal crops. These compan-

insect pests from the main crop using an inter-

attract insect pests away from the main crop 

3 Exploiting Phytochemicals for Developing Sustainable Crop Protection Strategies…
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using a trap crop which is the ‘pull’ component 

(Cook et al. ). Such a system requires a good 

understanding of the chemical ecology of plant–

insect and plant-plant interactions on the differ-

ent crops. In the development process of the 

technology, candidate crops needed to be system-

atically evaluated in field trials. During the pro-

cess described herein that was specifically for the 

control of cereal stemborers, we discovered that 

certain intercrops had further benefits in terms of 

suppression of striga. However, the mechanism 

underpinning this was established to be an allelo-

pathic effect of intercrop root exudates (nonvola-

tile) and hence only required the intercrop 

component of the push–pull system.

Development of the push–pull technology 

therefore began with an extensive field survey 

that involved over 500 grass species belonging 

to Poaceae, Cyperaceae and Typhaceae, as well 

as some leguminous crops in different agro- 

ecological zones in Kenya. The survey identi-

fied appropriate species that could be used as 

intercrop (push) and trap crop (pull) compo-

nents of the push–pull mixed cropping system. 

Plant species selected as potential intercrops 

had to be repellent to stemborers and reduce 

their populations on the main cereal crop, maize, 

while those selected as potential trap crops had 

to be preferred by stemborers to maize and other 

cereal crops for oviposition. The best trap crops 

were those which were attractive but did not 

support development of the immature stages of 

the stemborer pest. Napier grass, Pennisetum 
purpureum Schumach, a forage crop, attracted 

considerably more oviposition by stemborer 

moths than maize but did not support develop-

ment of the stemborer pest populations (Khan 

et al. , ). Stemborer larvae did not 

survive on Napier grass because it produces a 

gummy substance that immobilises the young 

larvae as they try to bore into the stem.

Melinis minutiflora P. Beauv, 

another indigenous forage plant, attracted no 

stemborer oviposition at all and was identified as 

an effective repellent (push) plant. Since farmers 

in SSA practice multiple cropping where cereal 

crops are interplanted with legumes, selected 

legumes were also evaluated in these studies 

although they are not attacked by cereal stembor-

ers. Two plants in the Desmodium genus, silver-

leaf, D. uncinatum DC and greenleaf, D. intortum 

-

borer moths as had been observed with molasses 

grass (Khan et al. 

Napier grass as a trap crop around a plot of maize 

resulted in significant reductions in the infesta-

tion of maize by stemborers (Khan et al. , 

). Additionally, planting molasses grass or 

desmodium between the rows of maize resulted 

maize (Khan et al. ).

While the putative trap and repellent inter-

crops were being evaluated for stemborer con-

trol, it was noticed that maize intercropped with 

D. uncinatum or D. intortum suffered far less 

striga infestation than maize in monoculture. 

This effect was confirmed by further field testing 

and shown to be significantly greater than that 

observed with other legumes widely recom-

mended as intercropping solutions to striga prob-

lems, for example, cowpea, Vigna unguiculata 

(L.) Walp. as were the concomitant yield increases 

(Khan et al. , ).

4  Semiochemistry 
of Companion Plants

4.1  Semiochemistry 
of Companion Plants 
for Stemborer Control

Insects are attracted to their host plants through 

sophisticated detection of specific attractive semi-

ochemicals (natural signal chemicals mediating 

changes in behaviour or development) (Nordlund 

and Lewis ) or specific ratios of semiochemi-

cals (Bruce et al. ) emitted by these plants and 

other host organisms. Detection of specific semio-

chemicals or mixtures of semiochemicals associ-

ated with non-host taxa (Hardie et al. ) also 

guides avoidance of emitters of those chemical 

compounds by insects. From a series of studies, 

Napier grass trap crop was found to produce 

 significantly higher amounts of volatile organic 

Z.R. Khan et al.
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females to locate host plants, than maize or 

 sorghum (Birkett et al. ). Additionally, it 

was established that there was also an increase 

of these compounds produced in the first hour of 

nightfall (scotophase) by Napier grass (Chamberlain 

et al. ), the period during which stemborer 

moths seek host plants for oviposition (Päts 

), causing the differential oviposition prefer-

larvae did not survive (Khan et al. , ) 

as Napier grass tissues produce sticky sap in 

response to feeding by the larvae which traps them 

causing their mortality. The intercrops, molasses 

grass and desmodium on the other hand were 

away the stemborer moths. These include (E)-β-

ocimene and (E
semiochemicals typically produced during damage 

to plants by herbivorous insects and are responsible 

for the repellence of desmodium to stemborers 

(Khan et al. ) (Fig. ).

4.2  Allelopathic Mechanism 
for Striga Control

Desmodium was found to effectively control 

striga, resulting in significant yield increases in 

(Khan et al. ). Similar results have also 

been observed with sorghum (Khan et al. ), 

) and upland rice 

(Khan et al. ). In the elucidation of the 

mechanisms of striga suppression by D. uncina-
tum, it was found that, in addition to benefits 

derived from increased availability of nitrogen 

and soil shading, an allelopathic effect of the root 

exudates of the legume, produced independently 

of the presence of striga, is responsible for the 

dramatic reduction of striga in an intercrop with 

maize. Presence of blends of secondary metabo-

lites with striga seed germination stimulatory, 

4″ , 5″ ′ , 4 ′ - t r ihydroxy-5 ′ ′ , -

″ ″

post-germination inhibitory, 4″,5″ ′-
methoxy-5,4′-dihydroxy-5″-isopropenylfurano- 

″ ″

exudates of D. uncinatum which directly inter-

feres with parasitism was observed (Tsanuo et al. 

). This combination thus provides a novel 

means of in situ reduction of the striga seed bank 

in the soil through efficient suicidal germination 

even in the presence of graminaceous host plants 

Desmodium spp. have 

also been evaluated and have similar effects on 

stemborers and striga (Khan et al. ) and 

are currently being used as intercrops in maize, 

sorghum and millets. Recently another key 

post- germination inhibitor, di-C
C - α β - D - 

glucopyranosylapigenin, also known as isos-

chaftoside, as well as other C
have been characterised from a more polar frac-

tion of D. uncinatum root exudates and solvent 

extracts (Pickett et al. ; Hooper et al. ), 

and full chemical elucidation of other allelo-

pathic agents is ongoing. Detailed studies on 

understanding of structure of chemicals, elucida-

tion and understanding the mechanisms by which 

desmodium suppresses striga will ensure sustain-

ability of desmodium-based cropping systems 

and provide an opportunity for exploitation of the 

biochemical pathways in desmodium root system 

beyond the smallholder cereal cropping systems.

5  Field Implementation 
and Benefits of the Push–
Pull Technology

5.1  Agronomic 
and Environmental Benefits 
of the Technology

Following extensive research and development 

efforts, it was found that not only were stemborers 

and striga effectively controlled by the technology 

under farmers’ conditions but farmers also 

reported additional benefits such as increased soil 

fertility and improved availability of animal fod-

der resulting in increased milk production (Khan 

et al. ) and up to threefold increases in 

grain yields (Khan et al. ). Desmodium 

(Whitney ), adds organic matter to the soil, 
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Fig. 3.1 How the push–pull system works: stemborer 

moths are repelled by intercrop volatiles while attracted 

to trap crop volatiles. Root exudates from the desmodium 

intercrop cause suicidal germination of striga and inhibit 

attachment to maize roots (1 (E)-β-ocimene, 2 

α-terpinolene, 3 β-caryophyllene, 4 humulene, 5 (E
6 α-cedrene, 7 hexanal, 8 (E)-

9 10

acetate, 11 ′,4′
12 4″,5″ ′,4′-

trihydroxy-5″ ″ ″
(uncinanone B), 13 4″,5″ ′-methoxy-5,4′-
dihydroxy-5″ ″ ″
(uncinanone C), and 14 di-C C-α-L-

C-β-D-glucopyranosylapigenin 

(Adapted with permission from Khan et al. ( ))
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conserves soil moisture and enhances soil biodi-

versity, thereby improving soil health and fertil-

ity (Khan et al. ). Additionally, it provides 

ground cover and, together with surrounding 

Napier grass, protects the soil against erosion. 

The technology also enhances arthropod abun-

dance and diversity, part of which is important in 

soil regeneration processes, pest regulation 

) and stabilisation of food 

webs. In deed there is also a clear demonstration 

of the value of biodiversity because of the impor-

tant roles played by companion plants and bene-

ficial insects in the system. It therefore improves 

agro-ecosystem sustainability and resilience, with 

great potential to mitigate the effects of climate 

change (Khan et al. ). Both desmodium and 

Napier grass provide valuable year-round quality 

animal forage while the sale of desmodium seeds 

generates additional income for the farmers. The 

push–pull technology thus opens up significant 

opportunities for smallholder growth and repre-

sents a platform technology around which new 

income generation and human nutritional compo-

nents, such as livestock keeping, can be added.  

It therefore affords the smallholder farmers an 

opportunity to enter into the cash economy.

90,000 farmers in East Africa (Fig. ) has con-

firmed the technology’s effectiveness and signifi-

cant impacts on food security, human and animal 

health, soil fertility, conservation of agro- 

biodiversity, agro-ecosystem services, empower-

ment of women and income generation for 

resource-poor farmers (Fig. 

the technology to reach the current adopters and 

beyond has been achieved through deployment of 

a combination of dissemination pathways cater-

ing to different sociocultural contexts and liter-

acy levels of farmers. This has been complimented 

by a multilevel collaboration with research 

institutions, national extension networks and 

farmer groups, combined with extension efforts 

underpinned by a robust scientific base and 

continuous technical backstopping. Further 

involvement of a series of interventions (Khan 

et al. ) including information bulletins 

(brochures, detailed practical manuals on how 

to plant push–pull) and mass media (radio pro-

grammes in local languages and newspaper arti-

cles) have boosted transfer of the technological 

information to a wider audience.

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

N
o

. o
f 

fa
rm

er
s 

p
ra

ct
ic

in
g

 P
u

sh
-p

u
ll 

te
ch

n
o

lo
g

y 

Years

Number of farmers practicing Push-pull technology in eastern Africa

Fig. 3.2

3 Exploiting Phytochemicals for Developing Sustainable Crop Protection Strategies…



42

5.2  Economic Benefits 
of the Technology

A number of studies have demonstrated that 

push–pull is more profitable than farmers’ own 

practices, and some of the practices designed to 

cost ratio was realised with push–pull compared 

-

(Khan et al. ). Additionally, push–pull with 

no additional fertiliser had the best gross returns, 

while less profit was recorded with the use of fer-

tiliser, implying it was economically propitious for 

poor smallholders who could not afford external 

inputs to invest in push–pull. Further economic 

analyses on returns to investment for the basic fac-

tors of production under push–pull showed these 

were significantly higher compared to those from 

maize–bean intercropping and maize monocrop 

systems (Khan et al. ). Positive total reve-

increases in subsequent years. The returns to 

labour which were recovered within the first year 

day in the higher potential areas, whereas in the 

maize monocrop, this was negligible or even nega-

tive. Furthermore, the net present value (NPV) 

from push–pull was positive and consistent over 

several years. A more recent study (De Groote 

et al. ) that used discounted partial budget and 

marginal analysis corroborated these findings and 

concluded that push–pull earned the highest reve-

nue compared to other soil fertility management 

technologies, including green manure rotation.

6  Adaptation of Push–Pull 
Technology

6.1  Adaptation of the Technology 
to Farmers’ Needs

Smallholder farmers in SSA practice multiple 

cropping that closely integrates cereal crops and 

food legumes, with the latter forming an important 

Fig. 3.3 Diagrammatic representation of benefits of the push–pull technology
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part of diets of these farm families. Typically 

farmers plant edible legumes between rows of 

cereal crops or with the cereal crops in the same 

holes. To respond to farmers’ need for food 

legumes, strategic research efforts were made 

that led to integrating beans into the technology 

thereby adapting it to farmers’ need (Khan et al. 

). Results indicated that integration of beans 

in the maize–desmodium intercrops and the 

planting arrangement did not compromise the 

striga and stemborer control efficacy of desmo-

dium. While this integration significantly 

increased labour and total variable costs, total 

not significantly differ between the bean integra-

tion and maize–desmodium intercrops. Where 

labour is easily available, farmers are advised to 

plant cereal crops and beans in separate holes to 

avoid the risk of competition for moisture and 

nutrients where these might be limiting. This has 

increased the technology’s appeal to the farmers 

as it guaranteed an additional protein source in 

the diet (Khan et al. ), resulting into higher 

technology adoption rates in eastern Africa ranging 

6.2  Adaptation of Push–Pull 
Technology to Climate 
Change

Climate change is anticipated to have far- reaching 

effects on the sustainable development of SSA, 

indicate that atmospheric temperature will con-

and drought. These will result into progressively 

more serious land degradation and increased pest 

and weed pressure, increased incidences of crop 

failure and general increases in food and nutri-

tional insecurity for resource poor farmers in 

many parts of SSA. To adapt to these adverse 

conditions, the resource-constrained smallholder 

farmers are moving to more drought-resilient 

cereal crops, such as sorghum and millet, and 

small ruminants for dairy production. The 

 constraints will be addressed through wide-scale 

dissemination of climate-smart agricultural 

approaches like push–pull for smallholder 

cereal–livestock production in drier and hotter 

areas to withstand climate change.

With rising uncertainties in the region’s 

 rain- fed agriculture due to the continent’s vulner-

ability to climate change, there was a demand 

and need to adapt conventional push–pull to 

withstand increasingly adverse and variable 

 conditions. The trap and intercrops used in con-

ventional push–pull were rainfall and tempera-

ture limited as the initial system was developed 

-

that push–pull continues to affect food security 

positively in Africa over the longer term, new 

drought-tolerant trap (Brachiaria cv. mulato) and 

intercrop (drought-tolerant species of desmo-

dium, e.g. D. intortum) plants have been selected 

from research undertaken in collaboration with 

national and international partners. The new 

companion plants also have the appropriate 

chemistry in terms of natural enemy attractancy 

for the trap component, and stemborer repellence 

and striga suppression, and ability to improve soil 

fertility and soil moisture retention, for the 

 intercrop component, and have been shown to 

significantly improve yields of maize and 

 sorghum (Khan et al. ). Both trap and repel-

lent plants  provide high-quality livestock fodder 

over long periods of drought. In addition, they 

provide other ecosystem services such as biodi-

versity improvement and conservation, and 

organic matter improvement.

In identification of trap plants, icipe and part-

ners screened about 400 grass species from which 

Brachiaria cv. mulato was 

chosen as the trap plant for the climate-adapted 

push–pull given also its ability to control stembo-

rers, farmers’ preference for it as livestock fodder 

and commercial availability of its seed that 

would allow faster dissemination and uptake. 

Additionally, it allowed minimal survival of 

stemborer larvae, a suitable characteristic of a 

trap plant that would support populations of natu-

ral enemies within season and when the cereal 

crop is not in season. Additionally, drought- 

tolerant species of desmodium that emit volatiles 

that repel stemborers, fix nitrogen to improve soil 
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fertility, produce high biomass, cover the soil and 

improve soil health were identified. From a col-

hot areas in Africa and other arid environments, 

greenleaf (D. intortum) was observed to be more 

drought tolerant and was chosen as the intercrop 

species for immediate integration into a climate-

adapted push–pull. Greenleaf desmodium was 

chosen given its known ability to control striga 

and stemborers (Khan et al. ) (Fig. ) 

coupled with commercial availability of its seed 

that would enable its wider testing by farmers 

within the project target areas. The work to iso-

late and purify all the active compounds in the 

desmodium root exudates and fully elucidate 

their effects on striga suppression is currently 

ongoing. Similarly, the full mechanism of stem-

borer control by the new companion plants is 

currently being elucidated with the aim of pro-

viding both sustainability and quality assurance 

as more companion plants are selected for new 

agro-ecologies.

drier parts of Kenya, Tanzania and Ethiopia have 

taken up the climate-smart push–pull and have 

reported effective control of stemborers and 

striga weed resulting in significant increases, up 

to fivefold, in grain yields of both maize and 

sorghum (Khan et al. ). The new companion 

plants have also ensured availability of high 

quality fodder at the farms thereby increasing 

productivity of livestock. Validation of gross 

return from the adapted climate-smart push–pull 

for sorghum and maize respectively and sig-

nificantly higher marginal rates of return 

of climate- smart push–pull outweighs the net 

increase in costs compared to farmers’ own 

practices.

7  Conclusions and Future 
Outlook

The push–pull system effectively addresses the 

constraints to production faced by the farmers 

and is an appropriate system because it uses 

locally available companion plants rather than 

expensive inputs. It has been adapted for drier 

areas vulnerable to climate change by identifying 

and incorporating drought-tolerant trap and 

repellent plants. This has made the technology 

more resilient in the face of climate change as 

rainfall becomes increasingly unpredictable. 

through identification and incorporation of cereal 

crops with defence systems against stemborer 

pests that are inducible by egg deposition by the 

pests. Companion plants that are able to signal 

defence systems of the neighbouring smart cere-

als are also being identified. Accompanying these 

are efforts to elucidate full mechanisms of striga 

and stemborer control by conventional and the 

new companion plants. Science-based solutions 

to crop protection, which are environmentally 

Fig. 3.4 Sorghum planted in sole stand (a) and sorghum intercropped with greenleaf desmodium (b)
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sustainable and low cost, like push–pull, are 

urgently needed to address the real and increas-

ing dangers of food insecurity without causing 

any ecological and social harm.
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    Abstract  

  Plant-incorporated protectants (PIPs) and botanical biochemical pesticides 
have been widely used as alternative pesticides to  synthetic chemical insec-
ticides in the cropping industry. Usually, it takes longer for insects to 
develop a resistance to such alternative pesticides because these pesticides 
have broad or non-specifi c mode of actions. The fact that they are naturally 
derived pesticides and have multiple modes of action does not mean they 
are less susceptible to resistance. This review provides information about 
the resistance development in insect population against PIPs ( Bt  crop) and 
botanical pesticides. The mechanisms of resistance, evidence of resistance 
to these biopesticides, resistance management, and future trend for plant 
biopesticides are discussed.  
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 4      Development of Insect Resistance 
to Plant Biopesticides: 
An Overview 
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1         Introduction 

 Pesticides used nowadays in cropping systems 
are classifi ed in two groups: conventional and 
alternative (selective) pesticides. Conventional 
pesticides are synthetic chemical pesticides 
which usually belong to the chemical classes of 

organophosphates, carbamates, pyrethroids, and 
organochlorines (United States Environmental 
Protection Agency  1998    ). Biopesticides are 
types of alternative pesticides derived from natu-
ral products. The use of biopesticides in control-
ling insects or pests has been increased 
dramatically in recent years. According to the 
US Environmental Protection Agency (EPA), 
biopesticides have been categorized in three 
major classes: (1) microbial pesticides which 
consist of a microorganism (e.g. a bacterium, 
fungus, virus, or protozoan) as the active ingredi-
ent; (2) plant- incorporated protectants (PIPs) 
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which are pesticidal substances that plants 
 produce from genetic material that are added 
into plants to render them immune or tolerant of 
insects and pests; for example, the insertion of 
the gene for Bt insecticidal protein into the 
plant’s genetic material, and (3) biochemical 
pesticides which are naturally occurring sub-
stances that control or regulate insect pest popu-
lations by nontoxic mechanisms, such as 
pheromones and (e.g. sex, aggregation, and 
alarm) scented plant extracts that attract insects 
for lure-and-kill strategies (US EPA  1998 ). 

 Biopesticides have been used for commercial, 
agricultural, and horticultural industries to reduce 
the risk of chemical pesticides for nontarget 
organisms short-residual activity, workers/appli-
cators, and to natural enemies (e.g. parasitoids 
and predators). When incorporated into the 
integrated pest management programme, the 
biopesticides can delay the development of 
resistance in insects and pests (Khater  2012 ). 
However, the fact that some biopesticides are 
naturally derived compounds does not mean they 
solve all problems. Although the short-residual 
activity is considered a benefi t, this means multiple 
applications are required (Cloyd  2012 ). This may 
increase selection pressure on pest populations, 
possibly leading to resistance. For this review, we 
only focused on insect resistance on plant biopes-
ticides which are plant-incorporated protectants 
(PIPs), plant-derived pesticides, or plant- derived 
essential oils (botanicals).  

2     Resistance Mechanisms 

 Resistance to pesticides or insecticides is charac-
terized by rapid evolution under strong selection 
(Walker et al.  2012 ). Natural selection allows 
some very rare, naturally occurring insects with 
resistance genes to survive in the environment 
and pass this resistance trait on to the next gen-
eration. The long-term continued application of 
pesticides with the same mode of action (MOA) 
leads to selection for the resistant individuals. 
When continual selection pressure occurs, a 
recessive allele for resistance will increase to 
fi xation in a single generation if the insecticide 

could eliminate all susceptible insects (Mallet 
 1989 ). However, this circumstance could hardly 
happen in the fi eld because it is assumed that 
there is a group of insects being unexposed to the 
insecticides (Curtis  1987 ). If there is less than 
100 % mortality of susceptible insects in treated 
plots in the fi elds, and the unexposed insects to 
insecticides exists, a rare mutation allele will an 
increase much more rapidly if dominant than if 
recessive to the wild type. Therefore, the effec-
tive dominance of a resistance allele is reduced 
with an increasing dose of insecticides (Mallet 
 1989 ). Anyhow, there are some factors that con-
tribute to the existence of resistance genes. These 
factors are the facts that we can hardly spray the 
crop fi elds evenly with insecticides and, more-
over, a group of insects with resistant genes that 
may exist outside the treated area but partially 
mix with the treated population by dispersal 
(Mallet  1989 ). It usually occurs that the resistant 
genes do not do very well among, the general 
populations under normal condition. Therefore, 
resistant individuals will hardly expand in the 
population above pretreatment level if the unex-
posed insect population is very large. Moreover, 
much less resistance will develop in the treated 
area than it would when migration does not occur. 
However, the migration can never be protected. 
There will be a migration rate that resistance 
increase quickly due to the treated population 
evolving independently (Commins  1977 ; May 
and Dobson  1986 ). 

 There are many explanations about the devel-
opment of resistance in insects to pesticides. For 
example, extensive use of chemical insecticides 
for the control of whitefl ies has caused whitefl ies 
to develop a resistance to almost every major 
class of synthetic insecticides all over the world 
(Omer et al.  1992 ; Polumbo et al.  2001 ; Wardlow 
et al.  1976 ; Zou and Zheng  1988 ). For example, 
the green house whitefl ies,  Trialeurodes vapo-
rarium , were found to be resistant to buprofezin, 
which could be related to high volatility of the 
active ingredient resulting in inadvertent selec-
tion pressure (Cloyd  2012 ). Because of that, 
there is an increased probability of resistance. 
Moreover, greenhouses and also nurseries usually 
restrict insect populations with minimal migration. 
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This results in interbreeding and passing on the 
resistance trait to the next generation. 
Consequently, the resistant genes will be 
increased in the gene pool. This leads to the 
increase of resistant individuals in the popula-
tion. Furthermore, some insects do not move or 
disperse very far which means that concentrated 
populations of resistant insects are continually 
present and may be exposed to pesticide applica-
tions. Moreover, if the pesticides with similar 
modes of actions are applied frequently, this will 
enhance more resistant individuals in the popu-
lation. According to Miller ( 1988 ), there are 
several factors responsible for insect resistance 
to insecticides in the crop industry, which are 
metabolic resistance, target- site resistance, pene-
tration resistance, and behaviour resistance. 

2.1     Metabolic Resistance 

 This resistance mechanism involves non-specifi c 
enzymes that normally detoxify foreign lipophilic 
chemicals such as monooxygenases, oxidase or 
cytochrome P-450-dependent oxidases, hydro-
lases, and transferases (Wood et al.  1981 ; Ahmad 
et al.  1986 ). Many of these enzymes are able to 
induce the temporary tolerances to pesticides. 
Inherited resistance often involves oxidases 
(Tsukamoto  1983 ; Brown  1985 ). Resistant insects 
may detoxify the toxin faster than susceptible 
insects or quickly rid their bodies of the toxic mol-
ecules. Metabolic resistance is the most common 
mechanism and often presents the greatest chal-
lenge. Insects use their internal enzyme systems to 
break down insecticides. Resistant strains may 
possess higher levels or more effi cient forms of 
these enzymes. In addition to being more effi cient, 
these enzyme systems also may have a broad spec-
trum of activity (i.e. they can degrade many differ-
ent insecticides) (Maestre  2012 ). The example of 
this resistance was revealed by Krieger et al. 
( 1971 ). From this study, they observed the polyph-
agous lepidopterans which had been exposed to a 
broad spectrum of plant toxins. The result showed 
that these lepidopterans had signifi cantly higher 
levels of P450- dependent poly-substrate mono-
oxygenase activity than in monophagous or 

 oligophagous lepidopterans. Another example was 
that insecticide resistant aphids and mosquitoes 
were found to have a much amplifi cation of ester-
ase genes (Holloway and McCaffery  1988 ). For 
 Myzus persicae  aphids, this metabolic resistance 
is due to the increased esterase protein which acts 
as an insecticide reservoir as well as a catalytic 
enzyme, rather than increasing catalysis per mol-
ecule (Mallet  1989 ). Ahmad et al. ( 1986 ) also 
demonstrated that the deh gene of housefl ies 
which regulate DDT-dehydrochlorinase was also 
an example of a glutathione-S-transferase which 
induced temporary tolerances to DDT.  

2.2     Target-Site Resistance 

 The target site where the insecticide acts in the 
insect may be genetically modifi ed to prevent the 
insecticide binding or interacting at its site of 
action, thereby reducing or eliminating the effect 
of the insecticide. Resistance caused by altered 
insecticide target molecules has been found to 
result from point mutations in their genes (Mutero 
et al.  1994 ; Newcomb et al.  1997 ). There are 
some examples of target-site resistance such as 
organophosphorus insecticides which bind to 
acetylcholinesterase (AChE), the enzyme respon-
sible for breaking down the neurotransmitter ace-
tylcholine (Ach) at synapses by competitively 
inhibiting Ach (Berenbaum  1986 ). While the 
Ach/AChE complex catalyzed very quickly (in a 
few seconds) to liberate the enzyme, the organo-
phosphorus enzyme complex breaks down very 
slowly. Because the enzyme has already been 
preoccupied, Ach remains available in the synap-
tic space and thus binds to the receptor, continu-
ing to depolarize the postsynaptic cell and 
therefore producing tremors, convulsions, and 
other physiological disturbances (Murray  1996 ). 
Seven mosquito species were reported to have 
AChEs that are insensitive to organophosphorus 
insecticides (Bonning  1990 ). Unrestricted over-
use of these insecticides is thought to have caused 
the selection of an AChE with an altered catalytic 
subunit which leads to decreased activity and 
enhanced opportunities for detoxifi cation enzymes 
to operate on the insecticides (Murray  1996 ). 
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Another example of target-site resistance was 
revealed in the milkweed bug,  Oncopeltus 
 fasciatus , which feed on plants containing 
cardiac glycoside (ouabain). Ouabain is a cardiac 
glycoside which inhibits the Na + /K +  ATPase that 
is very important for maintaining the correct 
distribution of Na +  and K +  across neuronal 
membranes (Murray  1996 ). Moore and Scudder 
( 1986 ) demonstrated that the milkweed bug has 
a Na + /K +  ATPase that is resistant to ouabain, 
and as a result, milkweed bugs display 200-fold 
less sensitivity to inhibition by ouabain than 
other species not specialized to feed on ouabain-
containing plants.  

2.3     Penetration Resistance 

 This type of resistance is a morphological mech-
anism, which prevents toxic substances from 
entering the body. Resistant insects may absorb 
the toxin more slowly than susceptible insects. 
Penetration resistance occurs when the insect’s 
outer cuticle develops barriers, which can slow 
down absorption of the chemicals into their bod-
ies. This can protect insects from a wide range of 
insecticides. Penetration resistance is frequently 
present along with other forms of resistance, and 
reduced penetration intensifi es the effects of 
other mechanisms (Mallet  1989 ). The examples 
of penetration resistance can be found in house-
fl ies and lepidopterans (Plapp  1984 ; Little et al. 
 1989 ). Farnham ( 1973 ) showed that gene  pen  is 
responsible for reducing the rate of penetration of 
insecticides through the cuticle in  Musca 
domestica .  

2.4     Behavioural Resistance 

 Resistant insects may detect or recognize a dan-
ger and avoid the toxin. This mechanism of resis-
tance has been reported for several classes of 
insecticides, including organochlorines, organo-
phosphates, carbamates, and pyrethroids. Insects 
may simply stop feeding if they come across cer-
tain insecticides or leave the area where spraying 
has occurred (for instance, they may move to the 

underside of a sprayed leaf, move deeper in the 
crop canopy, or fl y away from the target area) 
(  www.irac-online    ). Several studies demonstrated 
that according to the DDT-synergist space-spray 
applications, resistant fl ies contact less spray 
than susceptible fl ies by reducing fl ights when 
this chemical presents (Kilpatrick and 
Quarternam  1952 ). Being exposed to residual 
DDT applications, these fl ies changed their 
behaviour of nocturnal resting places from indoor 
to outdoors during the warmer periods of the year 
(Kilpatrick and Quarternam  1952 ; Maier et al. 
 1952 ). Carroll and Hoffman ( 1980 ) have demon-
strated that the beetles in genus  Epilachna  chew a 
circular trench which isolates the leaf area on 
which they are feeding. The beetles do that in 
order to prevent the rapid translocation of a bit-
ter-tasting allelochemical, thus preserving the 
palatability and quality of the leaf (Murray  1996 ). 
Another example of behavioural resistance found 
in some species of Lepidoptera and Coleoptera is 
that the insects cut the leaf or petiole vein to pre-
vent the fl ow of toxins into the leaf on which 
they are feeding (Compton  1987 ; Edwards and 
Wanjura  1989 ). 

 Since behavioural resistance is actually an 
avoidance of a particular chemical, no selection 
is involved. Therefore, it seems logical that the 
phenomenon of behavioural resistance may help 
maintain susceptibility to a particular chemical 
within a population. It had been proposed that by 
using insecticides with repellent properties, we 
can reduce the rate at which resistance develops 
in a particular population. However, it is unclear 
whether this type of approach would only serve 
to indicate susceptible individuals. Non- 
susceptible would continue to arise due to ran-
dom mutations (Leatherman  1997 ). 

 Nevertheless, there have been reports that 
some species seem to have developed a resistance 
to any given compound in a variety of ways. For 
example, behavioural, penetrative, and metabolic 
resistance as well as target-site insensitivity to 
pyrethroids have been demonstrated in  Heliothis 
virescens  or the budworm moth (Curtis  1987 ; 
Dowd et al.  1987 ; Little et al.  1989 ; Mallet  1989 ). 
Thus, the multiple mechanisms of resistance can 
occur in the same time at once in insects.   
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3     Insect Resistance on Plant: 
Incorporated Protectants 
(PIPs) 

 PIPs are pesticidal substances produced by plants 
and are the genetic material necessary for the plant 
to produce the substance (U.S. Environmental 
Protection Agency  1998 ). For example, scientists 
can take the gene for a specifi c  Bt  pesticidal pro-
tein and introduce the gene into the plant’s 
genetic material. Then the plant manufactures the 
pesticidal protein that controls the pest when it 
feeds on the plant. Both the protein and its genetic 
material are regulated by EPA; the plant itself is 
not regulated. 

  Bacillus thuringiensis  or  Bt  is a gram-positive 
bacterium that exists naturally in soil all over the 
world. Over a few decades, scientists found that 
some strains of  Bt  kill particular insects and dem-
onstrated that a specifi c protein was the toxic 
chemical which caused the death of these insects. 
When certain insects ingest either the bacterium 
or the protein produced by the bacterium (Cry 
protein or delta endotoxin), their digestive sys-
tems function abnormally and become disrupted. 
This leads to the death of insects. However,  B. 
thuringiensis  is not toxic to humans, mammals, 
most benefi cial insects, and other nontarget 
organisms. Therefore, it does not cause serious 
environmental problems like conventional syn-
thetic insecticides (Flexner et al.  1986 ; Wilcox 
et al.  1986 ). The families of insects that respond 
to  Bt  are Lepidoptera (caterpillars; e.g. European 
corn borer or cotton bollworm), Coleoptera (bee-
tles; e.g. Colorado potato beetles), and Diptera 
(fl ies and mosquitoes). 

 As we know that pest resistance to conven-
tional insecticides is widespread, this situation 
could also occur to  B. thuringiensis  which is 
quite threatening to the future of insect pest con-
trol (Gould  1988 ; Raffa  1989 ). However,  B. 
thuringiensis  has been used to control pests for 
over 20 years and there has been lack of reports 
of resistance to it. Scientists have made presump-
tions that resistance was unlikely, perhaps 
because of its unique mode of action (Bowman 
 1981 ; Briese  1981 ; Wilcox et al.  1986 ; Wilding 

 1986 ; De Barjac  1987 ). Several studies have been 
 conducted and showed that laboratory selection 
enhanced resistance to  B. thuringiensis  in the 
Indian meal moth,  Plodia interpunctella  (Hübner) 
(McGaughey  1985 ; McGaughey and Beeman 
 1988 ) and the tobacco budworm,  Heliothis vires-
cens  (F.) (Stone et al.  1989 ). 

    According to laboratory selection which 
shows that many pests maintain genetic variation 
in susceptibility to  Bt  toxins and therefore have 
the capability to develop resistance to  Bt  crops in 
the fi eld, (Gould  1998 ; Tabashnik et al.  2003 )  Bt  
genes have been genetically engineered and 
inserted in many crops such as potato, tomato, 
corn, cotton, and sugar cane. The major pests tar-
geted by  Bt  crops have been studied for the devel-
opment of resistance which is a heritable decrease 
in a population’s susceptibility to a toxin 
(Tabashnik et al.  2003 ). 

 There were studies in many countries, for 
example, China, Spain, Australia, and the United 
States, monitoring the resistance to  Bt  crops in 
fi eld populations of six major insect pests which 
are  Helicoverpa armigera ,  H. zea ,  H. virescens , 
 Ostrinia nubilalis ,  Pectinophora gossypiella  and 
 Sesamia monogrioides  (Tabashnik et al.  2008 ). 
Tabashnik et al. ( 2008 ) demonstrated that the 
resistant alleles have increased substantially in 
some fi eld populations of  H. zea , but not in the 
other fi ve species. However, the absence of fi eld 
resistance to  Bt  crops nowadays is presumed to 
depend on some factors such as large fi tness costs 
or other disadvantages suffered by resistant indi-
viduals, an initial low frequency of resistant 
alleles, a dilution of resistant alleles with suscep-
tible individuals from refuges (non- Bt  plants) and 
a high dose of toxin released by plants (Bates 
et al.  2005 ).  

4     Insect Resistance on Plant- 
Derived Pesticides or Plant- 
Derived Essential Oils 
(Botanicals) 

 Plant essential oils are highly volatile and usually 
obtained from nonwoody parts of the plant, 
particularly foliage (exceptionally sandalwood, 
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agarwood, and cedarwood), through physical 
processes such as steam or hydrodistillation 
(Batish et al.  2008 ). Most plant essential oils are 
a complex mixture of mainly terpenoids, espe-
cially monoterpenes and sesquiterpenes, and a 
variety of aromatic phenols, oxides, ethers, 
alcohols, esters, aldehydes, and ketones that 
determine the characteristic aroma and odor of 
the plant (Batish et al.  2008 ). The plant-derived 
products might also be classifi ed as repellents, 
feeding deterrents, toxicants, grain protectants, 
reproduction inhibitors, and insect growth inhibi-
tors (Talukder  2006 ). Many extracts of plants 
have been evaluated for their activity against 
agriculturally important insects for over decades 
(Chiu  1989 ; Akhtar and Isaman  2004 ; Leatemia 
and Isman  2004 ). Moreover, the plant extracts 
are currently being evaluated further for use in 
integrated pest management because of their 
eco-friendly characteristics (Koul and Walia 
 2009 ). Many studies have shown strong evi-
dences of the effi cacy of chemical compounds 
extracted from plants in control insects (National 
Research Council  1986 ). For example, contact 
and residual toxicity of more than 30 plant 
extracts were experimented on larvae of the 
Colorado beetle (Gokce et al.  2006 ). The results 
were that certain plant extracts were toxic to the 
beetle larvae and may have potential for controlling 
this destructive pest under fi eld condition (Gokce 
et al.  2007 ). Some plant extracts are able to 
inhibit oblique banded leaf roller insects from 
ovipositing (Gokce et al.  2005 ). Some plant 
extracts are found to be toxic to aphids (Das et al. 
 2008 ) and lepidopterans (Akhtar et al.  2008 ). Leaf 
and fl ower extracts of  Citrus sinensis ,  Ocimum 
canum ,  Ocimum sanctum , and  Rhinacanthus 
nasutus  have been demonstrated to have anti-
feedant and larvicidal activities and were thought 
to have high potential as an ideal eco-friendly 
approach for the control of the agricultural pests 
(Kamaraj et al.  2008 ). There are also several 
essential oils which have been known for pest 
control properties, for example, lemongrass 
( Cymbopogon winterianus ), eucalyptus 
( Eucalyptus globules ), rosemary ( Rosmarinus offi -
cinalis ), vetiver ( Vetiveria zizanioides ), clove 

( Eugenia caryophyllus ), and thyme ( Thymus vul-
garis ) (Koul and Walia  2009 ). 

 Among the most promising of the plant extracts 
investigated to date are those derived from the 
Indian neem tree,  Azadirachta indica  (Meliaceae) 
(Feng and Isman  1995 ). The key active ingredient 
found in neem-based products is azadirachtin 
which is a naturally occurring substance that clas-
sifi es to a group of an organic molecule class 
known as tetranortriterpenoids. The azadirachtin 
has an antifeedant, ecdysis disrupting, and repro-
ductive inhibiting properties against more than 
200 species of insects (Warthen  1989 ; Govindachari 
 1992 ; Champagne et al.  1992 ; Hassen et al.  1994 ; 
Schumutterer  1995 ). Moreover, the obvious 
advantages of azadirachtin, for example, extremely 
low mammalian toxicity, selective activity against 
pest insects, and systemic action in a variety of 
important crop plants, make the azadirachtin an 
attractive biopesticide (Salako  2002 ; Khalid and 
Shad  2002 ). As we know, many individual chemi-
cal compounds extracted from plants have high 
potential properties for the control of pests and 
insects. However, many studies demonstrated that 
the toxicity of these compounds can be enhanced 
in mixtures. Therefore, the effi cacy of the mixture 
is higher than it would be expected by adding up 
the activities of its individual constituents (Koul 
and Walia  2009 ). When this enhanced effect of the 
mixture occurs, it is called synergism. The syner-
gism has been demonstrated for mixtures of 
limonoids (Koul et al.  2004a ,  b ) or essential oil 
constituents (Hummelbruner and Isman  2001 ; 
Singh et al.  2008 ,  2009 ). 

    Because the botanical products have broad or 
non-specifi c modes of action, meaning these com-
pounds are active on multiple target sites of insect 
body, the active constituents should attack a vari-
ety of enzymatic or metabolic systems. According 
to this nature and diversity of the modes of actions, 
insects and mites would need to encounter exten-
sive physical, biochemical, physiological, and 
genetic adaption to develop resistance to these 
plant-derived pesticides. However, it does not 
mean that resistance to these botanicals will never 
occur. For example, among plant extracts, feeding 
deterrents make the major category of extracts or 
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allelochemicals that have been studied for the effi -
cacy against many pests (Koul and Walia  2009 ) 
and thus, if used indiscriminately, may also result 
in the development of resistance (Koul and Walia 
 2009 ). This has been demonstrated in the study of 
selection of resistance to azadirachtin in the green 
peach aphid,  Myzus persicae  (Feng and Isman 
 1995 ). In this study, they experimented two lines 
of  Myzus persicae  of the same origin repeatedly 
treated with pure azadirachtin (aza) or a refi ned 
neem seed extract (NSE) at the same concentra-
tion of aza. After 40 generations, the aza-selected 
line had developed ninefold resistance to aza 
compared to a nonselected control line, whereas 
the NSE-selected line did not. The researchers 
concluded that a blend of active constituents in a 
botanical insecticide such as neem might diffuse 
the selection process, reducing the development of 
resistance compared to that expected with a single 
active ingredient. Another constraint of applying 
botanical insecticides is the potential for fast 
desensitization to a feeding deterrent. Individual 
insects primarily deterred by a feeding inhibitor 
later on become increasingly tolerant due to 
repeated or continuous exposure (Koul and Walia 
 2009 ), for example, the use of azadirachtin and 
toosendanin against tobacco cutworms (Bomford 
and Isman  1996 ).  

5     Resistance Management 

 Insect resistance to insecticides either conven-
tional synthetic chemical or bio-insecticide can be 
managed by slowing selection pressure by these 
insecticides on the insect population (Resistance 
Management for Sustainable Agriculture and 
Improved Public Health  2012 ). The situation 
when all susceptible individuals are totally elimi-
nated by a given chemical but the most resistant 
ones still remain alive in the population leads to 
the increase in the selection for resistant genes. 
The way to prevent resistance can be achieved by 
avoiding unnecessary insecticide applications by 
using nonchemical control techniques and leaving 
untreated refuges where susceptible insects can 
survive (Boerboom  2001 ; Onstad  2008 ). 

5.1     Resistance Management 
for Plant: Incorporated 
Protectants 

 Plant-incorporated protectants such as  Bt  crops 
have been found in laboratory studies that 
insects exposed to high doses of  Bt  over many 
generations have developed resistance (Tabashnik 
 1994 ; Gould  1998 ; Shelton et al.  2002 ; Tabashnik 
et al.  2003 ). Many of these induced resistances 
are recessive, few are additive or recessive and 
none so far has been dominant. Consequently, 
deployment management strategies have concen-
trated on ensuring that suffi cient populations of 
susceptible insects are present to mate with pos-
sible resistant ones, making certain that the fre-
quency of the resistant allele is not fi xed in the 
population (Krattiger  1996 ). In order to make the 
prevention of resistance development to  Bt  crops 
applicable, there are several strategies which have 
been implemented those are refugia, high- dose 
and low-dose approaches, multiple genes deploy-
ment and targeted expression (Krattiger  1996 ). 

5.1.1     Refugia 
 The approach for this strategy is to reduce the 
chances of an increase in the frequency of resis-
tance genes by inhibiting resistant insects from 
mating with other resistant insects; thus, the cre-
ation of a resistant population could hardly occur. 

 This strategy has been established to reduce 
the long-term impact by preventing resistant 
insects from mating with other resistant popula-
tion. This can be done by ensuring that there are 
always plenty of susceptible insects close by for 
the few resistant individuals to mate with. The 
methods of creating the refuge areas can be done 
by planting the  Bt  crops in only part of the fi eld 
and for another part where is as close as possible 
should be maintained as an unimproved, conven-
tionally treated area and totally untreated area. 
By doing this, it is hoped that this will prevent the 
mating of resistant insects among themselves 
which will consequently lead to the establish-
ment of the resistance gene in the population 
(Mallet and Porter  1992 ; Krattiger  1996 ; Cullen 
et al.  2008 ).  
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5.1.2     High-Dose and Low-Dose 
Approaches 

 The high level of toxin is to deploy with the aim 
that it will take quite a long period of time for 
insects to overcome the toxin. As we know that 
most resistant individuals are recessive alleles, 
and most resistance carriers are heterozygous, 
the level of toxin will be made sure that it is high 
enough to kill all heterozygous resistance 
 individuals (Roush  1997 ,  1998 ). In the fi eld situ-
ation, the initial occurrence of individuals homo-
zygous for resistance is very rare that it can be 
ignored; thus, the rate of resistance development 
is driven primarily by the frequency and survival 
of heterozygote (Roush  1997 ). High dose will 
ensure that crop damage should be maintained 
below an economic threshold. However, in order 
to make this approach applicable, many assump-
tions must be met (Gould  1998 ). These assump-
tions for the effi cacy of high-dose strategy are as 
follows: (1) the initial allele frequency for resis-
tance is low, (2) inheritance is recessive alleles, 
and (3) resistant and susceptible insects must 
mate randomly. However, there were reports that 
one or more of these assumptions may be vio-
lated with some insect species. For instance, the 
assortative mating occurred in pink bollworms 
according to the disparity in development time 
between resistant and susceptible individuals 
(Liu et al.  2001 ). There were incomplete or non-
recessive inheritance to many  Bt  crops investi-
gated in European corn borer ( Ostrinia nubilalis ), 
tobacco budworm ( H. virescens ),  H. armigera , 
 H. zea ,  Plutella xylostella and Leptinotarsa 
decemlineata  (Frutos et al.  1999 ; Akhurst et al. 
 2003 ; Burd et al.  2003 ), even though we have 
learned that insect resistance to  Bt  in high-
expressing transgenic plants has proven func-
tionally recessive alleles (Tabashnik et al.  2003 ; 
Gould  1998 ). 

 For the strategy of low levels of toxin, this 
approach was implemented in order to make 
insects vulnerable to predators and parasites. 
However, this strategy has been discarded by 
companies because a considerable level of dam-
age would still be infl icted on the crop which 
would not be acceptable from a commercial point 
of view (Krattiger  1996 ).  

5.1.3     Gene Pyramiding 
 This method of control resistance development 
has been well known as a lasting  Bt  resistance 
management strategy (Shelton et al.  2002 ; 
Jackson et al.  2003 ). It requires more than one 
resistance gene with different modes of action for 
the range of insect species that were not being 
adequately controlled by a single toxin 
(Manyangarirwa et al.  2006 ). However, there are 
three assumptions required for this strategy in 
order to accomplish the effective resistance con-
trol (Manyangarirwa et al.  2006 ). The fi rst 
assumption is that insects resistant to only one 
toxin can be effectively controlled by a second 
toxin produced in the same plant. The second 
assumption is that strains resistant to two toxins 
with independent actions cannot emerge through 
selection pressure with one toxin alone. Karim 
et al. ( 2000 ) demonstrated that the use of multi-
ple toxins to delay development of resistance is 
based on the theory that if homozygous insects 
for one resistance gene are rare, the homozygous 
individuals for multiple resistance genes are even 
more extremely rare.    By using multiple crystal 
proteins (e.g. Cry1 Ac, Cry 2Ac), not only insects 
homozygous for one or two resistance genes but 
also the heterozygous individuals for another 
resistance gene would still be overcome by crops 
with multiple  Bt  toxins (Schnepf et al.  1998 ; 
Sisterson et al.  2004 ). The third assumption is 
that a single gene will not confer resistance to 
two toxins that are immunologically distinct and 
have different binding target sites (Gaham et al. 
 2005 ).  

5.1.4     Targeted Expression 
 This approach is done by ensuring that the toxin 
gene is expressed only specifi cally in a certain 
vulnerable part of the plant (e.g. stem) or is 
expressed both in a certain part of the plant and at 
a particularly critical time in the development of 
the plant (e.g. fl owering) (Gould  1995 ). This 
method of resistance management will allow 
some susceptible insects to breed normally, 
therefore increasing their predators and parasitic 
populations, at the same time be prevented from 
causing damage in the critical plant parts or vul-
nerable life cycles (Krattiger  1996 ).   
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5.2     Resistance Management 
for Botanical Insecticides 

 As we know, most plant-derived insecticides 
(botanical origin) are extracts containing a 
group of active ingredients of many varieties of 
chemical nature. Plant extract insecticides usu-
ally have short-residual lives which hardly accu-
mulate in the environment (Khater  2012 ). This 
property of plant insecticides could be consid-
ered an advantage in the way that there will be a 
very low probability that two extracts would 
always be exactly identical. Therefore, the 
selective pressure on the insects will not always 
become the same (Koul and Walia  2009 ). Even 
if all the same compounds are found in the 
extract, concentrations almost always will be 
different. In general, insects take longer time to 
develop resistance to a mixture or combination 
of natural active compounds than to any one 
individual allelochemical (Koul and Walia 
 2009 ). The common problem of using botanical 
insecticide is that the potential for rapid desen-
sitization to these insecticides. For example, 
individual insects initially deterred by feeding 
inhibitor become increasingly tolerant upon 
repeated or continuous exposure (Koul and 
Walia  2009 ). Bomford and Isman ( 1996 ) dem-
onstrated that tobacco cutworms became habitu-
ated and cross-habituated when the use of 
azadirachtin and toosendanin is being applied. 
The way to solve this operational problem can 
be mitigated by using mixtures of several com-
pounds in a multicomponent strategy such as 
 non- azadirachtin types of compounds or a com-
bination of xanthotoxin and thymol to prevent 
individuals to develop tolerant (Koul et al. 
 2004a ). Mixtures of several compounds will 
also ensure that the formulations have a variety 
of toxic, growth inhibitory and antifeedant 
effects. Such complexes are desirable in that the 
target spectrum is widened, because different 
species respond differently to individual com-
pounds. These mixtures are also likely to reduce 
the potential for the development of genetic 
resistance or development of behavioural desen-
sitization (Koul et al.  2004a ).   

6     Future Trend 

 The use of products from plant origins permits us 
to develop and exploit naturally occurring plant 
defence mechanisms, thus reducing the use of 
conventional synthetic pesticides. For the plant- 
incorporated protectants such as  Bt  crops, certain 
integrated pest management (IPM) has been 
exercised over decades and made the resistance 
management strategies effective thus far. 
However, several factors appear to limit the suc-
cess of botanical pesticides such as regulatory 
barriers and the ability to compete synthetic pes-
ticides. The effi cacy of botanical pesticides is 
short when compared with synthetic pesticides 
even though there are specifi c pest contexts 
where the control is equivalent to that with con-
ventional products has been observed (Koul and 
Walia  2009 ). Botanical pesticides currently do 
not play major role in crop protection. As a result, 
increasingly stringent regulatory requirements 
have prevented many botanical products from 
reaching the market place in North America and 
Europe in the last two decades (Isman  2006 ). The 
practice of using botanical pesticides need to be 
considered in the areas of organizing the natural 
sources, developing quality control, adopting 
standardization strategies, and modifying regula-
tory constraints (Koul and Walia  2009 ) (Figs.  4.1  
and  4.2    ).

7         Conclusion 

 The use of plant-derived biopesticides has 
become a common practice in many crop protec-
tion programmes. These biopesticides are effec-
tive tools in integrated pest management (IPM) 
for delay resistance development to synthetic 
chemical pesticides and decrease environmental 
exposure to conventional synthetic pesticides. 
Moreover, the botanical and plant-induced pro-
tectant (PIP) biopesticides have been rarely found 
to develop resistance in the fi eld compared to 
chemical synthetic pesticides. Since biopesti-
cides deploy multiple modes of actions (MOAs) 
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to suppress pests, development of resistance to 
these multiple factors by target insects is 
extremely unlikely. However, plant-derived 
biopesticides should meet the same criteria as 
conventional synthetic chemical pesticides. This 
means they should be selective to the target insects 
and must have adequate residual action to protect 
the crop through its window of vulnerability to the 
key pests (Isman  2002 ). That these biopesticides 
are naturally derived does not mean they are safe 
to humans. In general, their essential oils and 

major constituents are relatively nontoxic to 
mammals, with acute oral LD50 values in rodents 
ranging from 800 to 3,000 mg kg −1  for pure com-
pounds and >5,000 mg kg −1  for formulated prod-
ucts (Khater  2012 ). Despite their safety, some 
essential oils can be irritating to the skin (Barnard 
and Xue  2004 ). Although the short-residual activ-
ity is considered a benefi t for the environment, 
this means multiple applications are required. 
Because of that, the selection pressure on insect 
populations will be increased and  possibly lead 

  Fig. 4.1    Chemical structure of few major botanical pesticides       
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  Fig. 4.2    Plants containing the pesticide chemical compounds       

 

4 Development of Insect Resistance to Plant Biopesticides: An Overview



58

to the development of resistance. It is often said 
that when resistance occurs, this could lead to the 
failure to control insect population because this is 
generally directed toward synthetic chemical 
insecticides. As we know, growers have been fac-
ing problems of insect pests developing resis-
tance to conventional pesticides and that 
biopesticides are the alternative methods believed 
to prevent insects from developing resistance. 
However, this is not always concordant with 
facts. Insects develop whatever means are neces-
sary to survive and evolve in order to sustain 
existing populations no matter what the synthetic 
chemicals or biopesticides are. The continual use 
of the same types of any pesticides, either syn-
thetic or alternative (plant-derived pesticides) 
with similar modes of action will probably lead 
to the development of resistant individuals in 
insect populations. Therefore, regardless of 
whether a pesticide is considered a conventional 
pesticide or a biopesticide, insect populations 
have the tendency to develop resistance due to 

selection pressure. This depends on how often the 
growers apply the pesticides and the amount or 
concentration of dosage used. In order to make 
botanical insecticides well commercialized and 
successfully competitive on a meaningful scale in 
the near future, the  substantial effort is very much 
needed for  organizing the natural sources, devel-
oping  quality control, adopting standardization 
strategies, and modifying regulatory constraints 
(Table  4.1 ).
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    Abstract  

  Insect pests are considered the major hurdle in enhancing the production 
and productivity of any farming system. The use of conventional  synthetic 
pesticides has led to the emergence of pesticide-resistant insects, environ-
mental pollution, and negative effects on natural enemies, which have 
caused an ecological imbalance of the predator-prey ratio and human 
health hazards; therefore, eco-friendly alternative strategies are required. 
The plant kingdom, a rich repertoire of secondary metabolites, can be 
tapped as an alternative for insect pest management strategies. A number 
of plants have been documented to have insecticidal properties against 
various orders of insects in vitro by acting as antifeedants, repellents, 
sterilant and oviposition deterrents, etc. However, only a few plant com-
pounds are applicable at the fi eld level or presently commercialised. 
Here, we have provided an overview of the broad-spectrum insecticidal 
activity of plant compounds from neem,  Annona ,  Pongamia , and  Jatropha . 
Additionally, the impact of medicinal plants, herbs, spices, and essential 
oils has been reviewed briefl y.  
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1         Introduction 

 The plant kingdom is recognised as the most 
 effi cient producer of chemical compounds that 
are used to defend plants against different insect 
pests (Isman and Akhtar  2007 ). The literature 
focusing on the effects of plant secondary com-
pounds on insects is voluminous. As many as 
2,121 plant species are reported to possess pest 
management properties, and 1,005 species of 
plants exhibit insecticidal properties, which 
includes 384 species with antifeedant properties, 
297 species with repellent properties, 27 species 
with attractant properties, and 31 species with 
growth-inhibiting properties (   Singh et al.  2008 ). 
The biological activity of plant extracts against 
bacteria, fungi, viruses, and insects has been dis-
cussed adequately (Bozsik  1996 ; Macedo et al. 
 1997 ; Unicini Manganelli et al.  2005 ; 
Gopalakrishnan et al.  2010 ,  2011 ). Botanical 
insecticides can be made from roots, fl owers, 
seeds, stems, leaves, fruits, and bark in water or 
in organic solvents. Botanicals used as insecti-
cides presently constitute 1 % of the world insec-
ticide market (Rozman et al.  2007 ). In this 
chapter, the importance of botanicals in agricul-
ture with an emphasis on fi eld pests is reviewed.  

2     History of Botanicals 
Used as Pesticides 

 Botanicals have been in nature for millions of 
years with no adverse effects on the ecosystem. 
The repellency of plant material has been 
exploited for thousands of years by mankind by 
hanging bruised plants in houses, a practice that 
is still in wide use throughout developing coun-
tries. The use of plant extracts and plant parts in 
the form of powder as insecticides dates back at 
least as far as the Roman Empire. For instance, 
during the reign of Persian king Xerxes (400 
BC), children were deloused with a powder 
obtained from the dry fl owers of a plant known 
as pyrethrum,  Tanacetum cinerariaefolium  
 (family – Compositae). In India, a poisonous 
plant is mentioned in the Rig Veda, the classic 

book of Hinduism, which was composed during 
the  second millennium BC (Chopra et al.  1949 ). 
Today, in Mexico and several Central American 
countries, it is common practice to treat pests 
with plants known for their insecticidal proper-
ties. Crude botanical insecticides have been used 
for several centuries and have been known in 
tribal or traditional cultures around the world 
(Richard  2000 ). Plants have also been used for 
centuries in the form of crude fumigants, where 
plants were burned to drive away mosquitoes and 
later as oil formulations applied to the skin or 
clothes (Maia and Moore  2011 ). Mixing grain 
with plant oils is an ancient Indian and African 
approach of protecting grains against insect 
attack (Pereira  1983 ). The fi rst botanical insecti-
cide used as such, i.e., tobacco, dates back to the 
seventeenth century. A plant insecticide known as 
rotenone, which was obtained from the roots of 
the timbo plant, was introduced circa 1850. 
In 1965, Sláma and Williams made a surprising 
discovery that paper towels made from the wood 
of the balsam fi r ( Abies balsamea ) released 
vapours that elicited a potent effect on hemip-
teran bugs of the Pyrrhocoridae family (Hodin 
 2009 ; Sláma and Williams  1965 ).  

3     Insect Pest Management 
with Botanicals: A Depiction 

3.1     Neem 

  Azadirachta indica  A. Juss (syn:  Melia azadi-
rachta, M. indica,  and  Antelaea azadirachta ), 
also known as the Indian neem tree, belongs to 
the family Meliaceae (mahogany) and was fi rst 
described by the French botanist Adrian Henri 
Laurent de Jussieu in 1830. The botanical name 
 M. azadirachta  is sometimes confused with 
 M. azedarach , a West Asian tree commonly 
known as chinaberry, Persian lilac, bakain, and 
dharak (National Research Council (NRC)  1992 ). 

 Every part of the neem tree has been used 
extensively as household remedies and also in 
ayurvedic, unani, and homeopathic medicine. 
Hence, it has been described as a ‘cynosure of 
modern medicine’ by Biswas et al. ( 2002 ). Broad-
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spectrum biological effects (antibacterial, antifun-
gal, antiviral, antiplasmodial, antitrypanosomal, 
anthelminthic, molluscicidal, nematicidal, insec-
ticidal, larvicidal, antifeedant, and insect repel-
lent) and pharmacological activities (antioxidant, 
anticancer, antiulcer, spermicidal, antidiabetic, 
anti-implantation, immunomodulating and immu-
nocontraceptive activities, etc.) attested by vari-
ous parts and extracts of neem have been reviewed 
(Atawodi et al.  2009 ). Hence, the neem tree has 
received attention from the international scientifi c 
community, and authors from different countries 
have referred to this tree as a ‘miracle tree/multi-
purpose crop/village dispensary/living pharmacy’ 
(Biswas et al.  2002 ). The importance of the neem 
tree was been recognised years ago by the US 
National Academy of Sciences, which published 
a report entitled ‘Neem – a tree for solving global 
problems’ (NRC  1992 ). 

3.1.1     Azadirachtin and Related 
Compounds 

  A. indica  produces a plethora of triterpenoids. 
The fi rst bitter compound isolated from neem oil 
is nimbin, and it is found to be one of the most 
abundant limonoids in seeds (Johnson et al. 
 1996 ). Subsequently, azadirachtin (C 35 H 44 O 16 ), a 
complex compound, was extracted from neem 
seeds by Butterworth and Morgan ( 1968 ,  1971 ) 
followed by its identifi cation as a highly oxygen-
ated tetranortriterpenoid by Kraus et al. ( 1985 ) 
and Broughton et al. ( 1986 ). In later years, 
Rembold ( 1989 ) isolated six related compounds 
(azadirachtins B–G), whereas Govindachari et al. 
( 1991 ) reported seven compounds (azadirachtins 
A, B, D, F, H, I, and K) of closely related struc-
tures from neem kernels. 

 The ratio between these complex compounds 
has been reported differently by various authors. 
Klenk et al. ( 1986 ) and Rembold ( 1990 ) have 
stated that the ratio of azadirachtin B to azadi-
rachtin A is 1:5, whereas the others compounds 
(azadirachtins C-G) occur at a ratio of 1 to 100 
parts of azadirachtin A. Sidhu et al. ( 2003 ) stud-
ied the intra-provenance and inter-provenance 
variations of azadirachtin content in neem trees 
and found that azadirachtin A is 13–16-fold 
higher than azadirachtin B and that this  difference 

varies among the natural populations. He also 
stated that climatic factors have no infl uence on 
azadirachtin content and that the observed differ-
ences might be due to the individual genetic com-
positional variations among the trees. Studies by 
Kumar and Parmar ( 1997 ) on neem ecotypes also 
affi rm the variations in azadirachtin content and 
the non-impact of climatic factors on the same. In 
contrast, Ermel ( 1995 ) and Venkateswarlu et al. 
( 1997 ) revealed the infl uence of humidity, rain-
fall, temperature, or season on azadirachtin con-
tent variations. It is also found that seasonal 
variations contribute to the synthesis of specifi c 
azadirachtins (Sidhu and Behl  1996 ). However, 
azadirachtins A and B are the major active metab-
olites of neem seeds/kernels. More than 135 
compounds have been isolated from different 
parts of neem, and several reviews have been 
published on the chemistry and structural diver-
sity of these compounds (Taylor  1984 ; Koul et al. 
 1990 ; Govindachari  1992 ; Chatterjee and 
Pakrashi  1994 ; Kraus  1995 ; Devakumar and 
Sukh Dev  1996 ). 

 Various methods have been reported for the 
isolation and purifi cation of azadirachtins from 
neem seeds and/or kernels (Warthen et al.  1984 ; 
Schroeder and Nakanishi  1987 ; Govindachari 
et al.  1991 ; Sharma et al.  2003   a ,  b ). Yamasaki 
et al. ( 1986 ) and Schroeder and Nakanishi 
( 1987 ) isolated azadirachtins by fl ash chroma-
tography and reported different concentrations. 
Jarvis et al. ( 1999 ) isolated 11 triterpenoids 
 including azadirachtins by supercritical fl uid 
chromatography.  

3.1.2     Neem Products as Pesticides/
Insecticides 

 Voluminous reports on extracts, purifi ed com-
pounds/formulations, and traditional prepara-
tions of neem indicate their versatility and 
broad-spectrum insecticidal activity. The chemis-
try, environmental behaviour, and biological 
effects of neem products have been reported 
widely (Mordue and Blackwell  1993 ; Sundaram 
 1996 ; Williams and Mansingh  1996 ; Veitch et al. 
 2008 ). Because there is a vast amount of data, we 
have presented an overview of the potential of 
neem products. Laboratory testing has indicated 
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that neem extract-based insecticides are effective 
against more than 400 pest species (Koul  1999 ), 
which has generated wide agricultural and envi-
ronmental interests. Natural neem preparations 
have shown anti-insecticidal activity against the 
noctuid moths  Spodoptera littoralis  (Gelbic and 
Nemec  2001 ; Sharma et al.  2003a ,  b ) and  S. litura  
(Kumar and Parmar  1997 ; Govindachari et al. 
 2000 ),  Peridroma saucia , the heteropteran bug 
 Oncopeltus fasciatus  (Isman et al.  1990 ), the 
leafhopper  Jacobiasca lybica , and the whitefl y 
 Bemisia tabaci  (El Shafi e and Basedow  2003 ). 
Apart from the neem extract/formulations, 
 published reports have also established that 
 azadirachtin A, the major triterpenoid, and its 
related compounds possess insecticidal activity. 

 This broad-spectrum pesticidal/insecticidal 
activity is exerted by their phago and oviposition 
deterrent, repellent, antifeedant, growth retar-
dant, moulting inhibitor, and sterilant properties. 
It was also reported that neem products prolong 
larval developmental times and prevent larval 
maturation. These effects might be infl uenced by 
neem products acting both as systemic and as 
contact poisons (Schmutterer  1990a ,  b ; Mordue 
and Blackwell  1993 ), which was demonstrated 
by the treatment of  S. litura  with azadirachtin and 
other terpenoids (salannin, nimbinene, and nim-
bin) (Koul et al.  1996 ). Additionally, the broad- 
spectrum insecticidal attributes have been 
reported in  Plutella xylostella  (Schmutterer 
 1990a ,  b ; Isman  1995 ; Liang et al.  2003 ),  Pieris 
brassicae  (Hasan and Ansari  2011 ),  S. littoralis  
(Pineda et al.  2009 ), and other insects (Isman 
et al.  1990 ). Broad-spectrum insecticidal activity 
has also been demonstrated by neem seed kernel 
extracts under fi eld conditions against 
Lepidoptera, Coleoptera, and Orthoptera insects 
(Schmutterer  1985 ). 

 However, insects from different orders differ 
markedly in their behavioural/physiological 
responses to azadirachtin/related compounds/
neem extracts. This difference was demonstrated 
in a study conducted by Aerts and Mordue 
( 1997 ), which showed strong toxicity and anti-
feedant activity of azadirachtin against  O. fascia-
tus  (Hemiptera),  S. littoralis  (Lepidoptera), and 
 Schistocerca gregaria  (Orthoptera). The study 

also stated that the lower structural forms of 
 azadirachtin, such as azadirone, azadiradione, 
nimbin, and salannin, exhibit only the antifeedant 
activity, specifi cally on the lepidopteran pest  S. 
littoralis . Therefore, the lepidopteran insect pest 
shows higher sensitivity than Orthopoda to neem 
compounds, and the combination of toxicity and 
antifeedant activity of azadirachtin renders it a 
strong insecticide. The malformation of  S. litto-
ralis  at various developmental stages by azadi-
rachtins has been substantiated by Martinez and 
Van Emden ( 2001 ), Gelbic and Nemec ( 2001 ), 
and Nathan and Kalaivani ( 2006 ). Inter-genus 
variation has also been demonstrated by neem 
compounds on lepidopteran members, where 
salannin was active against  S. littoralis  and nim-
bin was active against  Heliothis virescens  and  H. 
armigera  (Blaney et al.  1990 ). Interfamily varia-
tions on Noctuidae members, which includes the 
black army cutworm  Actebia fennica , bertha 
armyworm  Mamestra confi gurata , variegated 
cutworm  P. saucia , zebra caterpillar  Melanchra 
picta , Asian armyworm  S. litura,  and cabbage 
looper  Trichoplusia ni , by azadirachtin have also 
been documented, where  A. fennica  and  S. litura  
are less inhibited than the other species (Isman 
 1993 ). Nathan and colleagues recorded the anti-
feedant and growth inhibition activity of various 
neem limonoids (azadirachtin, salannin, 
deacetylgedunin, gedunin, 17- hydroxyazadiradione, 
and deacetylnimbin) against the rice leaf folder 
 Cnaphalocrocis medinalis  (Nathan et al.  2005 ) and 
legume pod borer  H. armigera  (Murugan et al. 
 1998 ). Apart from the major tetranortriterpenoids 
(nimbin and salannin) of neem seeds, the photo-
oxidation products of tetranortriterpenoids, such 
as nimbinolide, isonimbinolide, salanninolide, 
and isosalanninolide, have also shown anti-insect 
properties, as demonstrated on  S. littoralis  (Jarvis 
et al.  1997 ). 

 Neem seed kernel extract (NSKE) has a pro-
found effect on the rice leaf folder and sorghum 
shootfl y  Atherigona soccata  (Shrinivas and Balikai 
 2009 ). The effect of NSKE was also reported on 
the potato tuber moth  Phthorimaea operculella  
(Shelke et al.  1987 ),  H. armigera  (Sinha  1993 ), and 
 Lampides boeticus  (Irulandi and Balasubramanian 
 2000 ). Sap feeders, such as White Backed Plant 
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Hopper (WBPH) (Reddy et al.  2012 ),  Aphis crac-
civora ,  Empoasca kerri ,  Megalurothrips distalis  
(Irulandi and Balasubramanian  2000 ; Dalwadi 
et al.  2008 ), pink mealy bug  Maconellicoccus hir-
sutus  (Sathyaseelan and Bhaskaran  2010 ), and the 
cotton stem weevil  Pempherulus affi nis  
(Ratnakumari and Chandrasekaran  2005 ), were 
subdued with NSKE. NSKE is effective not only 
against agriculturally important pests but also 
against  parasites and pests that affect humans and 
animals, which further validates the broad-spec-
trum activity of NSKE (Schmahl et al.  2010 ). 

 Although azadirachtin is the major active con-
stituent of neem extracts, the effects observed 
from such extracts could be due to the sum or 
synergy of azadirachtin and the other terpenoids 
present in the extract mixture (Boursier et al. 
 2011 ; Martinez and Van Emden  2001 ). 
Azadirachtin is one of the main active ingredients 
in neem extracts, but non-azadirachtin com-
pounds (e.g., 6-β-hydroxygedunin or different 
volatiles from neem) isolated from  A. indica  
seem to be involved in the toxicity and antifeed-
ant activity of neem extracts (Reddy and Singh 
 1998 ; Koul et al.  2003 ).  

3.1.3     Mechanism of Action 
 Schmutterer  1990a ,  b  suggests that the 
 well- established antifeedant and growth-inhibi-
tory properties of azadirachtin is attributed to the 
disruption of endocrine events. Mordue and 
Blackwell ( 1993 ) stated that there are three 
modes of action of azadirachtin in insects: (i) 
feeding inhibition by the blockage of input recep-
tors for phagostimulants or by the stimulation of 
deterrent receptor cells, or both; (ii) growth inhi-
bition by the blockage of morphogenetic peptide 
hormone release, which affects ecdysteroid and 
juvenile hormone titers; and (iii) direct detrimen-
tal and histopathological effects on insect mus-
cles, fat body, and gut cuticular epithelial cells. 
Azadirachtin has demonstrated its negative 
effects by reducing hemocyte count, degenerat-
ing organelles, and destroying plasma mem-
branes (Sharma et al.  2003a ,  b ). Recently, Nathan 
et al. ( 2006 ) revealed the impact of neem extracts 
on digestive enzymes, such as amylase, protease, 
and lipase.  

3.1.4     Boundaries/Barriers 
for Commercialisation 

 In general, the principal barriers affecting the 
commercialisation of botanical pesticides include 
the scarcity of natural resources, standardisation, 
quality control, and registration (Murray and 
Isman  1997 ), which are each less of a concern for 
conventional insecticides. The limited stability of 
azadirachtins and related compounds under natu-
ral conditions, such as temperature, light, UV 
radiation, rainfall, pH, etc., has been addressed 
by studies conducted by Barnby et al. ( 1989 ), 
Schmutterer ( 1988  and  1990b ), Stokes and 
Redfern ( 1982 ), Warthen et al. ( 1984 ), and Jarvis 
et al. ( 1998 ). Other azadirachtoids, such as 
deacetylnimbin, deacetylsalannin, nimbin, and 
salannin, disappeared rapidly when they were 
exposed to sunlight. Notably, azadirachtin A and 
B are less photostable in formulations than their 
corresponding pure forms (Cabone et al.  2009 ). 
This instability of azadirachtin has been attrib-
uted partly to the presence of unsaturation in the 
tiglate and enol ether moieties. Hence, the hydro-
genation of the labile olefi nic moieties is crucial 
to obtain more stable reduced products (Bilton 
et al.  1985 ; Yamasaki and Klocke  1987 ). Though 
structural change is an option to overcome this 
problem, structure-activity relationship studies 
have indicated that modifi cations of the basic 
molecule lead to altered insecticidal activity 
(Yamasaki and Klocke  1987 ; Rembold  1988 ). 
Alternatively, the use of stabilisers, such as 
 antioxidants and UV/sunscreens, has been con-
templated (Chowdhuri  1996 ; Sundaram and 
Curry  1996a ,  b ). 

 Azadirachtin A is resistant to hydrogenation at 
ambient conditions of temperature and pressure. 
However, Bilton et al. ( 1985 ) and Ley et al. 
( 1989 ) have reduced the azadirachtins using high 
pressure with selected catalysts to dihydroazadi-
rachtin- A (reduction of the 22,23 double bond) 
and tetrahydroazadirachtin-A (reduction of the 
2′,3′ double bond of tiglic acid of dihydroazadi-
rachtin- A). Dihydroazadirachtin-based products 
have been registered by the Environment 
Protection Agency for use in the USA. Sharma 
et al. ( 2006 ) tested the structurally altered com-
pound tetrahydroazadirachtin-A and the native 
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compound azadirachtin against  H. armigera . 
They found that tetrahydroazadirachtin has equal 
stability and effectiveness on comparison with 
azadirachtin, which validates its use as commer-
cial neem biopesticides in the future. 

 Another barrier affecting neem compounds/
formulations is the compatibility with biological 
control. Hoelmer et al. ( 1990 ) recorded no detri-
mental effects of the commercial neem product 
Margosan-O on  Encarsia formosa  and  E. trans-
vena , the parasitoids/natural enemies of  B. tabaci.  
They observed no signifi cant effect on the degree 
of parasitism on any of the natural enemies. 
Feldhege and Schmutterer ( 1993 ) recorded a 
considerable reduction in the degree of parasit-
ism by  E. formosa  against azadirachtin-exposed 
 T. vaporariorum  pupae. A recent study by 
Scudeler and Dos Santos ( 2013 ) on  Ceraeochrysa 
claveri , a natural enemy of several pests, such as 
whitefl ies, thrips, lepidopteran pests, aphids, and 
mites (Pappas et al.  2011 ), demonstrated severe 
alterations in their midgut cells by the indirect 
ingestion of neem oil-treated prey. In contrast to 
these mild negative effects, neem products con-
tribute to a favourable prey/predator ratio and help 
provide a healthy  functioning ecosystem (El Shafi e 
and Basedow  2003 ).  

3.1.5     Commercialisation 
 Although purifi ed neem compounds/formula-
tions exhibit instability and produce negative 
effects on natural enemies, its role as a broad- 
spectrum insecticide at very low concentrations 
with desirable residual properties and reduced 
insect resistance has made these compounds 
valuable tools in insect pest management and 
commercialisation in countries such as the USA, 
Canada, Mexico, European Union, and New 
Zealand and in Asian countries, such as India and 
China. In fact, neem is the most commercially 
exploited plant for insect pest management 
(Schmutterer  2002 ). Some of the examples of 
neem products include NeemAzal-T/S®, 
Neemix, Neemexcel (Ahmad et al.  2012 ), Thai 
neem 111® (Yule and Srinivasan  2013 ), 
Margosan-O (Lindquist and Casey  1990 ), 
Neem-EC® (Sundaram et al.  1997 ), Neem gold 
(Sharma et al.  2003a ,  b ), Tre-san®; MiteStop®; 

Wash Away Louse®, and Picksan LouseStop® 
(Schmahl et al.  2010 ), which have proved their 
effi cacy against various pests and insects. 
Boursier et al. ( 2011 ) compared traditional 
neem preparations with commercial formulations 
of azadirachtin-A against the leafhopper 
 Macrosteles quadripunctulatus  and  S. littoralis  
and found that there was equivalent activity 
between both of the preparations. However, in 
the same study, whitefl y  B. tabaci  required a 
higher concentration of traditional neem extract, 
which indicated species specifi city.   

3.2      Annona  

 The largest species in the family of angiosperm is 
Annonaceae, which includes approximately 135 
genera with 2,500 species (Chatrou et al.  2004 ). 
Annonaceae are tropical trees and shrubs found 
in Central America, Africa, and Southeast Asia 
and are one of the main sources of edible fruits 
and edible oils (Ngiefu et al.  1976 ; Heywood 
 1978 ) in those regions. Some of the fruits from 
Annona species include pawpaw, chirimoya, 
sweetsop, soursop, and custard apple (Isman 
 2006 ). Annona species also possess medicinal 
properties. The wood of the Annonaceous trees is 
used in alcohol production (Savard and Espil 
 1951 ). Studies conducted on Annona reveal 
diverse chemical compounds in various species 
(Leboeuf et al.  1982 ; Chang et al.  1998 ; Kotkar 
et al.  2001 ). A complex mixture of acetogenins 
with 30 compounds has been identifi ed in each of 
the species. In particular, sesquiterpenes and 
monoterpenes are the main compounds of the 
oils of  Annona  spp. (Ríos et al.  2003 ). Many gen-
era from the family viz.  Annona, Asimina, 
Goniothalamus, Rollinia , and  Uvaria  have been 
studied, and, to date, approximately 400 com-
pounds have been explored (Alali et al.  1999 ; 
Johnson et al.  2000 ). These compounds have 
been found to possess cytotoxic, antitumor, anti-
malarial, insecticidal, and parasiticidal properties 
(Rupprecht et al.  1990 ; Fang et al.  1993 ; Alali 
et al.  1999 ; Ocampo and Ocampo  2006 ). In small 
farms worldwide, some species of Annona have 
been used as botanical insecticides by traditional 
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home made preparations (Secoy and Smith  1983 ; 
Okonkwo  2005 ; Castillo et al.  2010 ). 

3.2.1     The Annonaceous 
Acetogenins (ACGs) 

 ACGs are the most rapidly growing class of 
 natural products that possess a wide range of bio-
logical activities, such as anthelminthic, antima-
larial, antimicrobial, antiprotozoal, antitumor, 
and cytotoxic actions (Fang et al.  1993 ; Gu et al. 
 1995 ; Zeng et al.  1996 ; Cavé et al.  1997 ). In 
1982, uvaricin was the fi rst ACG discovered, and 
it was found to possess antileukemic activity 
(Jolad et al.  1982 ). ACGs have a series of 
C-35/C-37 derived from C-32/C-34 fatty acids 
combined with a 2-propanol unit. ‘A long 
 aliphatic chain with a terminal methyl substituted 
R, an  â - unsaturated   ç -lactone ring with one, two, 
or three tetrahydrofuran rings along with hydro-
carbon chain, and a number of oxygenated moi-
eties (hydroxyls, acetoxyls, ketones, epoxides) 
and/or double bonds’ is the characteristic feature 
of ACG (Shi et al.  1995 ,  1996 ; Alali et al.  1998 ; 
Chávez et al.  1998 ; Colman-Saizarbitoria et al. 
 1998 ; Paul et al.  2013 ). 

 Among the Annona genus, two species have 
outstanding insecticidal properties,  A. muricata  
and  A. squamosa.  The following acetogenins are 
found in  A. muricata  and  A. squamosa : anno-
catalin, annohexocin, annomonicin, annomonta-
cin, annomuricatin, annomuricin, annonacin, 
coronin, corossolin, corossolone, gigantetrocin, 
gigantetronenin, montanancin, muracin, muri-
catalicin, muricin, robustosin, solamin, squamo-
cin, and uvariamicin (Raintree Nutrition  2004 ). 
These compounds can range from polar to non-
polar and, hence, can be extracted using various 
solvents, such as water (Pérez-Pacheco et al. 
 2004 ), ethanol (Bobadilla et al.  2002 ), acetone 
(Khalequzzaman and Sultana  2006 ), chloroform 
(Parvin et al.  2003 ), petroleum ether (Álvarez 
et al.  2008 ), and hexane (Fontana et al.  1998 ).  

3.2.2     Biology of ACGs 
 ACGs have been reported to be potent inhi-
bitors of NADPH/ubiquinone oxidoreductase 
(complex I), an enzyme of the electron transport 
chain system of mitochondria. This inhibition 

deprives the cell’s ATP and induces apoptosis 
(Tormo et al.  1999 ; Alali et al .   1999 ). These 
bioactive effects of ACGs have also been 
 confi rmed against other species of insects 
including sap-sucking Lepidoptera larvae such 
as  Myzus persicae , spider mites, mosquito 
 larvae, striped cucumber beetles, melon aphids, 
Colorado potato beetles, Mexican bean beetles, 
bean leaf beetles, European corn borers, 
 blowfl y larvae, and free-living nematodes 
(Ahammadsahib et al.  1993 ; He et al.  1997 ; 
McLaughlin et al.  1997 ; Guadaño et al.  2000 ; 
Leatemia and Isman  2004 ; Álvarez et al.  2007 ; 
Cólom et al.  2008 ). The incorporation of ACGs 
in the diet of  S. frugiperda  led to morphological 
changes, which refl ected the interference of 
ACGs with hormonal activity (Di Toto Blessing 
et al.  2010 ). Annonaceous extracts have been 
evaluated in several groups of medically and 
agriculturally important insects. Thus, the bio-
logical activity of acetogenins is similar to that 
of limonoid azadirachtin isolated from seeds of 
 A. indica  (Mordue and Nisbet  2000 ). Similarly, 
there are various insecticidal ACGs (Table  5.1 ). 
Recent reports have also revealed that these 
ACGs are more effective against stored grain 
pests. In developing countries, postharvest 
grain loss is a major problem because of 
stored-grain pest infestations. Anita et al. 
( 2012 ) and Ribeiro et al. ( 2013 ) showed that the 
extracts of  A. squamosa  and  A. mucosa  are 
toxic to  Tribolium castaneum  and  Sitophilus 
zeamais , respectively. Isoquinoline alkaloids 
are another class of compounds associated with 
plant defence against herbivorous insects (Da 
Rocha et al.  1981 ; Cordell et al.  2001 ; Bermejo 
et al.  2005 ; Cólom et al.  2009 ). Isoquinoline 
alkaloids interact with neural signal transduc-
tion networks and interfere with neuroreceptors 
via enzymes involved in neurotransmission 
metabolism and ion channels (Wink et al.  1997 ; 
Wink  2000 ); however, no studies are available 
regarding the biological activity of  isoquinoline 
alkaloids. To date, Annona products are not 
available commercially, and studies have not 
addressed the commercial use of these prod-
ucts. Hence, this is one area where more work 
needs to be performed.
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3.3         Pongamia 

  Pongamia pinnata  (Linn.) Pierre (syn:  P. glabra  
Vent;  Derris indica  (Lam) Bennett;  Millettia 

novo-guineensis  Kane & Hat) belongs to the family 
Fabaceae, which is an indigenous plant of the 
Indian subcontinent and Southeast Asia 
(Krishnamurthi  1969 ; CSIR  1969 ). It is known as 

   Table 5.1    Active compounds with biological activity from the Annonaceae family (Modifi ed from Castillo-Sanchez 
et al.  2010 )   

 Botanical name  Plant part  Active compound  Insect  Biological activity  Reference 

  A. muricata   Seeds  Bullatalicin   Anticarsia 
gemmatalis 
Pseudaletia 
sequax  

 Feeding deterrence 
and growth 
inhibition 

 Fontana et al. ( 1998 ) 

 Squamocin   M. persicae   Insecticide  Guadano et al. ( 2000 ) 
  Leptinotarsa 
decemlineata  

 Annonacin   Rhodnius 
pallescens  

 Insecticide  Parra-Henao et al. 
( 2007 ), Robledo- 
Reyes et al. ( 2008 ), 
Leatemia and Isman 
( 2004 ) 

  R. prolixus   Insecticide and 
repellency 

  Periplaneta 
americana  

 Insecticide 

  S. litura  
  A. squamosa   Seeds  Squamocin   T. castaneum   Insecticide     Khalequzzaman 

and Sultana ( 2006 ), 
Seffrin et al. ( 2010 ), 
Khalequzzaman and 
Sultana ( 2006 ), 
Leatemia and Isman 
( 2004 ) 

 Methanolic extract   T. ni   Insecticide and 
feed deterrent 

 Crude extract   S. litura  and  H. 
armigera  

 Insecticide 

  T. castaneum   Insecticide 
 Annonins   S. litura   Insecticide 
 Annotemoyin-1   T. castaneum   Insecticide  Parvin et al. ( 2003 ), 

Laetamia and Isman 
( 2004 ) 

 Neoannonin   P. xylostella  

  A. cherimolia   Seeds  Squamocin   S. frugiperda   Insecticide and 
antifeedant activity 

 Álvarez et al. ( 2007 ) 
 Itrabin 
 Cherimolin-1 
 Neoannonin 
 Asimicin 
 Squamocin 
Almunequin 

  O. fasciatus   Insecticide  Álvarez et al. ( 2008 ) 

 Itrabin 
 Molvizarin 

  A. montana   Leaves and 
branch 

 Annonacin   O. fasciatus   Insecticide  Álvarez et al. ( 2008 ) 
 Cis-annonacin 10-one 
 Densicomacin-1 
 Annonacin-a 
 Gigantetronenin   S. frugiperda   Antifeedant and 

toxic 
 Di Toto Blessing 
et al. ( 2010 )  Murihexocin 

 Tucupentol 
  Oxandra cf 
xylopioides  

 Leaves  Berenjenol   S. frugiperda   Insecticide  Rojano et al. ( 2007 ) 

  A. atemoya   Seeds  Methanolic extract   T. ni   Insecticide and 
feed deterrent 

 Seffrin et al. ( 2010 ) 
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the poonga oil tree, pongam tree, karanja, karanj, 
karum, kanji, Indian beech, etc. and has been 
used traditionally in ayurvedic, siddha, and folk 
medicines. The impact of chemical, biological, 
and pharmacological aspects of this tree has been 
reviewed (Meera et al.  2003 ). Pongam seed oil 
contains 5–6 % fl avonoids. Karanjin, a furanofl a-
vonoid compound, is the main constituent of the 
fl avonoids (Brinji  1987 ) and known for its insec-
ticidal properties (Kumar and Singh  2002 ). The 
isolation of this compound from oil and de-fatted 
oil cakes has been detailed in the work of Vismaya 
et al. ( 2010 ) and Katekhaye et al. ( 2012 ) and the 
work of Susarla et al. ( 2012 ), respectively. The 
insecticidal property of Karanjin was enhanced 
through structural modifi cations that converted 
Karanjin into karanj ketone, karanj ketone oxime 
esters, and karanj ketone oxime N-O-nonanoate. 
This enhanced insecticidal property was demon-
strated on the aphid  Lipaphis erysimi  (Mondal 
et al.  2010 ). 

 For approximately 70 years, natural product 
chemists have studied the complex organic 
 compounds of karanj, especially the fl avone-like 
molecules kanjone, pongamol, pongapinnols 
A–D, pongagalabrone, pongapin, pinnatin, 
 pongone, pongacoumestan, glabrachalcone, iso-
pongachromene, isopongafl avone, galbone, pon-
galabol, pongagallone A and B, and 
6-methoxyfurofl avone (Rao and Rao  1941 ; 
Pavanaram and Ramachandra Row  1955 ; Aneja 
et al.  1963 ; Mahey et al.  1972 ; Malik et al.  1976 ; 
Roy et al.  1977 ; Garg  1979 ; Talopatra et al.  1985 ; 
Shameel et al.  1996 ; Chauhan and Chauhan 
 2002 ; Simin et al.  2002 ; Carcache-Blanco et al. 
 2003 ; Ahmad et al.  2004 ; Alam et al.  2004 ; Yadav 
et al.  2004 ; Li et al.  2006 ; Yin et al.  2006 ). 

 The compounds, either as oil or as an extract 
from methanol/aqueous/chloroform/acetone, are 
biologically active against insect pests. They act 
as insecticides, repellents, oviposition deterrents, 
antifeedants, and larvicides (Parmar and Gulati 
 1969 ; Kumar and Singh  2002 ; Pavela and Herda  
 2007a ,  b ). The extract of  P. pinnata  is also toxic 
against  S. litura  and  H. armigera  as well as the 
stored grain pests  Trogoderma granarium  and  T. 
castaneum  (Kumar et al.  2006 ; Pawar et al.  2011 ; 
Reena and Sinha  2012 ). Karanj oil and Karanj 

leaf extract have been used against mustard aphid 
 L. erysimi  in fi eld conditions (Bunker et al.  2006 ; 
Singh  2007 ). 

 Karanj extract is a constituent of commer-
cially available insecticidal formulations, such as 
Plexin, Karrich, Salotrap, RD Repelin, and RD9 
Repelin, for the control of various insect pests. 
PONEEM, which is discussed further in the latter 
part of this chapter, is a patented insecticidal for-
mulation of pongam oil and neem oil. However, 
compared with neem products, the reduced effi -
ciency of Karanj extract in aqueous solutions is a 
limiting factor for their wider applications; there-
fore, this area requires further research attention.  

3.4     Jatropha 

  Jatropha curcas , also known as physic nut, is a 
tropical plant that belongs to Euphorbiaceae and 
is native to North America but now thrives in 
Africa and Asia (Willis  1967 ). The seeds of this 
plant consist of 47 % fat and various anti- 
nutritional factors such as saponin, phytate, tryp-
sin inhibitor, and cyanogenic glycosides (Makkar 
et al.  1997 ; Kumar and Sharma  2008 ; Rakshit 
et al.  2008 ).  Jatropha  have an immense potential 
to generate a large amount of feedstock oil for 
biodiesel production. The global jatropha oil pro-
duction is proposed to be approximately 28 MT/
annum and is the major oil produced in Asia 
(GEXSI  2008 ). 

 There are various terpenoids present as 
 secondary metabolites of  Jatropha . To date, 65 
types of terpenes have been explored (Devappa 
et al.  2011 ). Phorbol esters (PEs), a group of tigi-
lane diterpenes, are a major toxic constituent of 
 Jatropha  (Adolf et al.  1984 ; Makkar et al.  1997 ). 
Approximately six PEs have been identifi ed so 
far, and 70–75 % of the PEs are in an extractable 
form in  J. curcas  kernels, whereas 25–30 % are 
non-extractable (Haas et al.  2002 ). The non- 
extractable PEs remain tightly bound to the 
matrix of the kernel (Makkar et al.  2009 ; Makkar 
and Becker  2009 ). Goel et al. ( 2007 ) have 
 investigated the structure along with the biologi-
cal activity and toxicity of PEs in animals, while 
the medicinal property, phytochemistry, and 
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 pharmacological properties of  Jatropha  spp .  have 
been studied by Sabandar et al. ( 2013 ). 

 The toxic constituents of PEs present in the 
seed extract and leaf extract of  J. curcas  possess 
insecticidal, fungicidal, and molluscicidal prop-
erties (Nwosu and Okafor  1995 ; Liu et al.  1997 ; 
Solsoloy and Solsoloy  1997 ). The PEs contained 
in jatropha oil are effective against many insects 
and pests of both fi eld crops and stored grains, 
including  Callosobruchus maculatus ,  C. chinen-
sis ,  C. maculatus ,  Clavigralla tomentosicollis , 
 Sitophilus zeamais ,  Rhyzopertha dominica , 
 T. castaneum ,  Oryzaephilus surimanensis , 
 L. erysimi ,  P. rapae ,  Phthorimaea operculella , 
 Tetranychus urticae ,  O. fasciatus ,  Coptotermes 
vastator ,  Amrasca biguttula ,  Aphis gossypii , and 
 Aphis fabae  (Shelke et al.  1985 ,  1987 ; Solsoloy 
 1995 ; Solsoloy and Solsoloy  1997 ; Wink et al. 
 1997 ; Solsoloy and Solsoloy  2000 ; Jing et al. 
 2005 ; Adabie–Gomez et al.  2006 ; Adebowale 
and Adedire  2006 ; Acda  2009 ; Devappa et al. 
 2010 ; Habou et al.  2011 ; Katoune et al.  2011 ; 
Ravindra and Kshirsagar  2010 ; Silva et al.  2012 ), 
by antifeedant, oviposition deterrent, ovicidal, 
and antibirth properties. 

 The PE-enriched fraction has been studied 
broadly against various insect pests, such as viz. 
 S. frugiperda  (Devappa et al.  2012 ),  C. macula-
tus  (Adebowale and Adedire  2006 ; Jadhau and 
Jadhua  1984 ),  Corcyra cephalonica  (Khani et al. 
 2012 ),  Busseola fusca ,  Sesamia calamistis ,  H. 
armigera , and  Manduca sexta  (Sauerwein et al. 
 1993 ; Mengual  1997 ; Makkar et al.  2007 ; 
Ratnadass et al.  2009 ). The PE fractions are sus-
ceptible to oxidation and, hence, the addition of 
antioxidants/storage at cold temperatures is nec-
essary for an increased shelf life (Devappa et al. 
 2013 ). The PE fraction has been found to be 
 stable even after 2 years at 4 °C (Devappa et al. 
 2009 ). The extract from another species, 
 J.  gossypiifolia ,  has been shown to have toxic 
effects on three lepidopteran pests,  B. fusca , 
 Ostrinia nubilalis , and  S. nonagrioides  (Valencia 
et al.  2006 ). Additionally, the PE fraction has 
been shown to possess antifeedant properties 
and insecticidal activity against  S. exigua  
(Khumrungsee et al.  2009 ) and  S. frugiperda  
(Bullangpoti et al.  2012 ). Only a limited number 

of insects have been evaluated under controlled 
conditions, so the evaluation of broad-spectrum 
insecticidal activity is crucial. In addition, the 
fate of PEs under fi eld conditions with the 
impact of water, soil, plants, and environmental 
risks has to be investigated. PE toxicity testing 
on natural enemies, mammalian systems, and 
modes of action of the insecticidal activity is 
another prerequisite. Apart from PEs, other 
 secondary metabolites of  Jatropha  sp., such as 
saponins, lectins, and cyanogenic glycosides, 
should also be evaluated for their insecticidal 
activity.  

3.5     Weeds as Plant 
Protection Tools  

 A plant considered undesirable, troublesome, and 
growing where it is not wanted is a weed. Here, it 
is worth considering the importance of weeds as 
botanical insecticides.  Lantana  is an invasive 
species in the tropical and subtropical regions of 
the world. However, the plant exhibits insecti-
cidal properties on insects such as aphids, mites 
(Suliman et al.  2003 ), potato tuber moths (Lal 
 1987 ), and  S. obliqua  (Sharma et al.  1982 ). The 
most common weeds, such as  Parthenium  and 
 Cyperus , were found to be successful in minimis-
ing the  Epilachna  beetle, diamond back moth, 
and cabbage head caterpillar in vegetables 
(Dhandapani et al.  1985 ; Venkataramireddy et al. 
 1990 ; Thebtaranonth et al.  1995 ; Prijono et al. 
 1997 ).  Calotropis  is reported to be active on rice 
plant hoppers (Prakash et al.  2008 ).  

3.6     Medicinal Herbs as Plant 
Protectants 

 Medicinally valued herbs can also control 
 agriculturally important insects. Herbs such as 
 Gynandropsis gynandra ,  Catharanthus roseus , 
 Vitex ,  Ocimum , and  Euphorbia royleana  were 
found to be effective against the  Epilachna  bee-
tle,  H. armigera ,  M. hirsutus , mustard aphid, 
and mesta hairy caterpillars (Sharma et al.  1982 ; 
Chandel et al.  1987 ; Rajasekaran et al.  1987 ; 
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Roy and Pande  1991 ; Prakash et al.  2008 ; 
Sathyaseelan and Bhaskaran  2010 ). Furthermore, 
the  Epilachna  beetle can be regulated by 
 medicinal herbs such as  Solanum xanthocarpum  
and  Strychnos nux- vomica   (Dhandapani et al. 
 1985 ; Chitra et al.  1991 ). Other plants, such as 
the  bitter gourd and  Vernonia amygdalina , 
known for their bitterness, have demonstrated 
effi cacy against the fl ea beetle on okra and the 
coffee leaf miner  Leucoptera  coffeella  (Alves 
et al.  2011 ; Onunkun  2012 ).  Passifl ora mollis-
sima , popularly known as banana passion fruit, 
is not only used in the food industry for ice 
cream production but also for the control of 
insect pests such as the Mesta hairy caterpillar 
(Tripathi et al.  1987 ).  

3.7     Spices and Condiments 
with Insecticidal Action 

 Homemade botanicals from spices and condi-
ments, such as peppers and garlic, have shown 
particular promise as a source of botanical pesti-
cides. For instance, powdered chilli pepper deters 
the onion fl y,  Delia antiqua ,  Earias insulana ,  T. 
ni , and  T. urticae  (Antonious et al.  2007 ). Garlic 
shows its effect on soft-bodied insects, such as 
aphids, and cumin ( Nigella sativa ) has been 
shown to be effective against the  Epilachna  bee-
tle (Chandel et al.  1987 ).  

3.8     Essential Oils 

 Essential oils (EOs) are complex mixtures of 
volatile organic compounds produced as second-
ary metabolites in plants to defend themselves 
against herbivores and pathogens. The major 
plant families from which EOs are extracted 
include Myrtaceae, Lauraceae, Lamiaceae, and 
Asteraceae. EOs have repellent, antifeedant, 
reproduction retardant, fumigant toxicity, and 
growth-reducing effects on a variety of insects 
(Singh et al.  1989 ; Singh and Singh  1991 ). 
EOs are neurotoxic, and there is evidence for 
interference with the neuromodulator octopa-
mine (Enan  2005 ) or GABA-gated chloride 

 channels (Priestley et al.  2003 ). Zoubiri and 
Baaliouamer ( 2011 ) performed a detailed litera-
ture survey on 230 plants and listed the insecti-
cidal activity of their essential oils along with the 
major active compounds.  

3.9     Miscellaneous 

 Plantago (Alves et al.  2011 ),  Zea mays  male 
fl owers (not important after pollination; 
Al-Khafaji et al.  2003 ), and velvet bean ( Mucuna 
cochinensis ; Premchand  1989 ) are also consid-
ered to contain insecticidal activity. Other plants 
such as mahua,  Psoralea corylifolia,  and 
 Lindenbergia grandifl ora  were indicated to pos-
sess insecticidal principles (Tripathi et al.  1987 ; 
Mohanty et al.  1988 ; Narasimhan and Mariappan 
 1988 ). Plant extracts of cassava, papaya, sweet 
potato, tea,  Solanum nigrum ,  Solanum incanum , 
Mexican tea, Mexican marigold, blackjack 
( Bidens pilosa ), thorn apple, and  Aloe  are known 
to have insecticidal properties.  

3.10     Botanical Pesticides 
from Herbal Compost 

 In addition to insecticides derived from leaf and 
seed extracts of plants, the compost made out of 
plants also contributes to insect pest control. 
Biowashes of crude extracts of  Annona ,  Jatropha , 
and  Pongamia  vermicompost were reported to 
kill  H. armigera  and  S. litura  (Gopalakrishnan 
et al.  2011 ). Maize stover compost demonstrated 
very good control of whitefl ies,  Podagrica  spe-
cies,  Zonocerus variegatus , and  B. tabaci  with its 
effi cacy ranging from 60 to 80 % control. Organic 
composts, especially maize stover compost, can 
be used as an insecticide in organic farming sys-
tems to raise okra plants (Alao et al.  2011 ). 
Akanbi et al. ( 2007 ) reported that the foliar appli-
cation of organic composts effectively controlled 
the level of insect infestation of  Telfairia occi-
dentalis.  In the fi eld, organic compost extracts 
did not kill the observed insects but had a repel-
lent and/or barrier effect.   
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4     Synergism 

 Biological activity can be enhanced by combina-
tions of biomolecules. An extensive study has 
been carried by Packiam et al. ( 2012 ) with formu-
lations of pongam oil and neem oil. This formula-
tion, PONEEM, has been patented in India. The 
phytochemicals present in PONEEM karanjin and 
azadirachtin have controlled  Scirtothrips dorsalis  
in chilli thrips effi ciently by acting as a feeding 
deterrent (Packiam and Ignacimuthu  2013 ). The 
same phytopesticide formulation has been evalu-
ated against  S. litura  and  H. armigera . The ovipo-
sition deterrent activities at different concentrations 
with different formulations were studied exten-
sively by Packiam et al. ( 2012 ). A formulation 
with pongam oil and  Thymus vulgaris / Foeniculum 
vulgare  has showed lower LC 50  values against 
 P. xylostella  than pongam oil alone indicates the 
syndergism between the botanicals (Pavela  2012 ). 
A combination of  Bacillus thuringiensis  subsp. 
 kurstaki  (Btk) with extracts of  Acacia arabica ,  
A. squamosa ,  Datura stramonium ,  Eucalyptus 
globulus, Ipomoea carnea, Lantana camara , 
 Nicotiana tabacum  and  P. pinnata  was prepared 
by Rajguru et al. ( 2011 ). They investigated the 
effi cacy and synergistic activity against  S. litura  
larvae and revealed that high mortality using the 
fortifi ed extracts was due to synergistic action. In 
particular, the leaf extracts of  N. tabacum  and the 
seed extracts of  A. arabica ,  A. squamosa , and  D. 
stramonium  showed a promising result and were 
compatible with Btk. Hence, it might be important 
to explore microbial combinations with insecti-
cides from plants in fi eld conditions.  

5     Research at ICRISAT 
on Botanical Pesticides 

 During the process of evolution, plants have devel-
oped some defence systems to compete against 
biotic (herbivores, insects, microorganisms, etc.) 
and also abiotic stresses. One such system is the 
production of secondary metabolites, such as pro-
tease inhibitors, lectins,  terpenoids, nonprotein 
amino acids, alkaloids, cyanogenic glycosides, 

saponins, tannins, etc. (Mazid et al.  2011 ). In the 
past few years, ICRISAT research has been focused 
on the  molecules responsible for host-plant resis-
tance and their corresponding effect on pests to 
develop effi cient biopesticides. In ICRISAT, sev-
eral studies have been conducted on various botan-
icals to identify potential and cost-effective 
strategies for the control of insects. Sharma and 
colleagues have worked on various plant materials/
metabolites for the control of the major devastating 
crop pest  H. armigera  and also against other insect 
pests. Earlier, they worked on various solvent 
extracts of unripened seeds, ripened seeds, kernels, 
and leaves of the neem tree against  Mythimna sep-
arata  and reported an antifeedant compound, 
which has differed from earlier reports on  A. indica  
and  M. azedarach  (Sharma et al.  1983 ). In long-
term collaboration with IICT (Indian Institute of 
Chemical Technology, Hyderabad, India), active 
fractions of neem and custard apple extracts were 
tested under laboratory and fi eld conditions against 
various insect pests (Sharma et al.  1999 ). In the past 
few years, they have analysed the effect of lectins 
from leguminous and nonleguminous plants, such 
as fi eld bean, pigeon pea, chickpea, soybean,  peanut, 
lentil, canavalia (concanavalin A), garlic, snowdrop, 
and jackfruit (jacalin), and trypsin inhibitors from 
soybean against  H. armigera . All of the tested plant 
metabolites affected survival and developmental 
parameters (Shukla et al.  2005 ). A phenolic com-
pound (stilbene) from pigeon pea with antifeedant 
activity against  H. armigera  was also documented 
by their research group (Green et al.  2003 ). 

 Eleven indigenous plant materials ( Cleistanthus 
collinus ,  C. gigantea ,  P. glabra ,  Artemisia dubia , 
 Sphaeranthus indicus ,  Cassia occidentalis , 
 Chloroxylon swietenia ,  Vitex negundo ,  Madhuca 
indica ,  Strychnos nux- vomica  , and  S. potatorum ) 
known for insecticidal properties collected from 
Andhra Pradesh and Chhattisgarh states of India 
were evaluated against  S. litura  larvae. The water 
extract of these products against second/fourth 
instar larvae clearly indicated the superiority of  C. 
collinus ,  C. gigantea  (leaf extract), and  P. glabra  
(seed extract) in suppressing the larval growth and 
development of  S. litura  (Fig.  5.1 ) .  The above list 
of plant materials, excluding  A. dubia , against 
second instar larvae of  H. armigera  clearly 
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 indicated the superiority of  C. collinus  and  S. indi-
cus  with 57 % larval mortality one week after 
exposure and with others recording 10–48 % mor-
tality (Rao and Gopalakrishnan  2009 ). Further 
observations 2 weeks after exposure revealed a 
similar trend with a range of 17–63 % larval mor-
tality (Gopalakrishnan et al.  2009 ).

   Furthermore, experiments were conducted to 
evaluate 18 different botanical extracts against  S. 
litura  and  H. armigera.  The larvicidal activity of 
the botanical extracts produced a ranged of mor-
tality between 52 % and 86 %, with the maximum 
found in neem fruit powder. Studies on larval 
mortality and oviposition deterrence of various 

botanicals against  H. armigera  produced the 
 highest larval mortality in neem extracts, followed 
by  Datura , rain tree pod, and  Chrysanthemum . 
For  S. litura , the maximum mortality was recorded 
with neem fruit extract followed by  Pongamia , 
rain tree pod,  Datura , and  Annona . The oviposi-
tion of the two species was severely affected 
by the plant extract sprays, which refl ected the 
potential of the botanicals in the suppression of 
key pests (Table  5.2 ) (Gopalakrishnan et al.  2009 ).

   Bioactive compounds from 17 different 
 botanicals, particularly  Annona, Datura, 
Pongamia, Parthenium, Gliricidia,  neem, and 
 Jatropha , which are capable of managing 

  Fig. 5.1    Effect of botanical extracts on  Spodoptera litura        

   Table 5.2    Evaluation of one percent botanical extract against neonates of  H. armigera  and  S. litura  (Gopalakrishnan 
et al.  2009 )   

 Scientifi c name 

 Mortality (%)  Repellency/ovipositional deterrence (%) 

  H. armigera    S. litura    H. armigera    S. litura  

  A. squamosa   20  40  47  96 
  A. squamosa   28  46  79  90 
  A. squamosa   25  34  45  93 
  C. gigantea   18  12  33  66 
  C. domestica   38  32  65  55 
  D. metel   40  46  32  46 
  J. curcas   24  26  8  95 
  Tagetes erecta   35  34  66  96 
  M. azedarach   22  30  93  87 
  A. indica   42  48  9  73 

(continued)
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 H. armigera  and  S. litura , were identifi ed. When 
the feed was treated with crude biowash (Figs.  5.2  
and  5.3 ) for healthy larvae (4-day old), 42 and 
86 % mortality and 32 and 71 % weight reduction 

compared with the control were reported for  H. 
armigera , while  S. litura  exhibited 46 and 74 % 
larval mortality and 47 and 77 % weight reduction 
compared with the untreated control (Fig.  5.4 ) .  

  Fig. 5.2    Effect of botanical extracts on  Helicoverpa armigera  larvae       

 Scientifi c name 

 Mortality (%)  Repellency/ovipositional deterrence (%) 

  H. armigera    S. litura    H. armigera    S. litura  

  A. indica   21  74  84  100 
  P. hysterophorus   10  26  13  75 
  P. pinnata   30  64  92  56 
  P. pinnata   29  32  4  77 
  Prosopis julifl ora   16  44  34  37 
  Samanea saman   31  44  43  ND 
  S. saman   39  52  21  73 
  Tridax procumbens   32  34  32  85 
  V. negundo   10  44  1  93 

   ND  not determined  

Table 5.2 (continued)
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  Fig. 5.3    Preparation of herbal biowash       

  Fig. 5.4    The protocol for biowash preparation and the fi nal product ( inset )       
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The adsorbed and nonadsorbed fractions of 
crude biowash from open column chromatogra-
phy of the promising botanicals ( Annona, 
Datura, Jatropha,  neem,  Parthenium,  and 
 Pongamia ) showed signifi cant mortality on  H. 
armigera  (Tables  5.3  and  5.4 ) (Gopalakrishnan 
et al.  2011 ). The compatibility of botanical 
extracts (such as  Annona ,  Datura , neem fruit, 
and  Parthenium ) and some selected entomo-
pathogenic microorganisms (such as  Bacillus 
subtilis  [BCB-19] and  Metarhizium anisopliae ) 
were assessed. Neem fruit and  Datura  were 
found to be compatible with  B. subtilis  

 (BCB-19). None of the four botanical powder 
extracts suppressed  M. anisopliae  up to 8 days. 
In another study, three botanicals ( Annona, 
Datura , and neem fruit powder) and three 
 entomopathogens (viz.  Bacillus megaterium  
(SB-9),  B. pumilus  (SB-21), and  Serratia marc-
escens  (HIB28)) were evaluated for their com-
patibility. There were no defi nite signs of 
suppression by any of the botanicals on the 
 bacteria. However, there were some signs of 
improved growth in the case of SB-9 + neem 
fruit, SB-9 +  Annona , and HIB- 28 +  Datura  
(Gopalakrishnan et al.  2011 ).

   Table 5.3    Infl uence of various botanical extracts on  H. armigera  and  S. litura  (Gopalakrishnan et al.  2011 )   

 Treatments 

  H. armigera    S. litura  

 Mortality (%)  Weight reduction (%)  Mortality (%)  Weight reduction (%) 

  Annona   58  60  57  70 
  Chrysanthemum   43  43  49  47 
  Datura   42  56  58  77 
  Jatropha   86  53  62  53 
  Neem   71  60  60  52 
  Parthenium   69  32  57  59 
  Pongamia   76  58  74  56 
  Tridax   45  54  46  54 
  Vitex   45  71  52  58 
 SE±  13.1**  9.6**  5.5***  8.3*** 
 CV%  42  34  24  36 

   SE  standard error,  CV  coeffi cient of variance 
 ** statistically signifi cant at 0.01 ( p  values); *** statistically signifi cant at 0.001 ( p  values)  

   Table 5.4    The effect of adsorbed and nonadsorbed fractions of potential crude biowash samples on  H. armigera  larvae 
(Gopalakrishnan et al.  2011 )   

 Adsorbed fraction  Nonadsorbed fraction 

 Treatment  Mortality (%)  Weight reduction (%)  Mortality (%)  Weight reduction (%) 

  Annona   91  89  65  80 
  Datura   88  76  64  89 
  Jatropha   87  84  72  97 
  Neem   81  79  69  89 
  Parthenium   93  73  65  91 
  Pongamia   93  91  73  91 
  SE±   1.6*  6.0 (NS)  1.7*  2.9* 
  CV%   3  13  4  6 

   NS  nonsignifi cant,  SE  standard error,  CV  coeffi cient of variance 
 *statistically signifi cant at 0.001  
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6            Conclusion 

 The inherent toxicity and unforeseen environ-
mental problem intensifi ed by the extended use 
of synthetic pesticides have been addressed by 
regulatory agencies from time to time via ban-
ning/restricting the use of toxic pesticides in 
 agriculture. As a result, much attention is being 
paid to the exploration of plant biodiversity 
because plants produce a rich repertoire of phyto-
chemicals, which evolved partly as defence 
 molecules against attacking organisms. However, 
they are non-phytotoxic, are easily biodegrad-
able, and have a minor impact on environmental 
and human health. Therefore, natural products 
are generally regarded as safe. Safe insecticides 
are presently in demand because insects are 
becoming resistant to existing products at a 
greater rate than new insecticides can be 
 developed. However, the appropriate protection 
of  species and ecological communities has to be 
considered to protect biodiverse resources from 
threats.     
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    Abstract  

  Plant-infesting nematodes and mites are some of the biotic stresses known 
to cause considerable yield losses in crops of agricultural importance 
every year. These bio-agents during feeding plant parts synergize infection 
of many fungal diseases and also transmit a number of viral diseases. 
Therefore, management of both these pests is essential to avoid such 
losses. Plant products/botanical origin pesticides, considered fi rst-genera-
tion pesticides, are still important to manage plant nematodes in many 
vegetable and food grain crops where use of synthetic pesticides is more 
hazardous to human health. This chapter deals with plant products found 
effective against the plant nematodes and mites, especially the higher 
plants, which have been arranged in alphabetical order in tabular form. 
The active components/active principles isolated and identifi ed from the 
effective botanical formulations have also been scanned and mentioned 
against both the plant nematodes and phytophagous mites. Currently, 
many potential plant products are being used under organic agriculture 
globally. Of course, for pest management in the large areas, availability of 
large quantities of these products is a limitation. But soil amendments of 
the oil cakes/green leaves, interculture of these plants with main crops and 
crop rotations having intelligently grown the biopesticidal plants are use-
ful strategies for the management of the plant nematodes. For the manage-
ment of plant mites, no doubt, botanical pesticides have been reported to 
show toxicity to a number of phytophagous mites, but their applications 
have not been popularized yet. Thus, there is a need to explore more effec-
tive botanical miticides, their formulations and application methods.  
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1         Introduction 

 Plant parasitic nematodes and mites are 
 considered as one of the important pests of 
agricultural crops in spite of their microscopic 
nature. They have the potential to devastate the 
crop, if not  controlled in time. Nematodes are 
threadlike organisms, characterized by triplo-
blastic, bilaterally symmetrical, colourless, 
unsegmented, pseudocoelomate and vermiform 
invertebrate animals with well-developed 
excretory, reproductive and nervous systems 
and ill-developed circulatory and respiratory 
system. These are the most abundant group of 
soil biota next to arthropods. Plant parasitic 
nematodes are considered as one of the limiting 
factors for agricultural production. According 
to world estimates derived in the USA on the 
basis of international opinion and data, the 20 
major life-sustaining crops suffer 10.7 % yield 
losses due to nematodes, and another 20 eco-
nomically important crops suffer 14 % yield 
loss  globally; under Indian  condition, the aver-
age yield losses amount to 12.3 % (Gaur and 
Pankaj  2009 ). Further, AICRP (Nematodes) 
reported annual loss due to nematodes in mon-
etary terms to the tune of Rs. 21,000 million 
(Jain et al.  2007 ). 

 Similarly, a mite is a microscopic arthropod 
(0.2–1 mm body length) having no eyes, no 
antennae, no wings, unsegmented body divided 
in two regions proterosoma (cephalothorax) 
and hysterosoma (abdomen), short life cycle 
(4–8 days) and high reproductive potential. 
Mites generally escape attention of those 
involved in the production process, even though 
they play a  signifi cant role in reducing crop 
yields (   Rao et al.  1999 ). Phytophagous mites 
cause qualitative and quantitative losses directly 
and also in association with several pathogenic 

fungi and bacteria in the forms of grain sterility, 
ill-fi lled grains and discolouration of the grains/
seeds and necrosis on/in the plant leaf and 
 leaf-sheath tissues and are also known as 
 vectors for several diseases. 

 Phytophagous mites cause injuries/wounds 
to different plant tissues wherever they feed 
and thus act as wounding agents. In addition, 
these mites are also known to carry several 
spores and mycelia of pathogenic fungi and 
bacteria on their body parts and contaminate 
the plants and thus act as carrier, through 
which these mites enhance the spread of the 
fungal/bacterial diseases as these mites are fast 
moving arthropods on the plant surfaces. These 
two simultaneous acts of the phytophagous 
mites, fi rst causing injuries to the plant tissues 
and then contaminating the tissues with the 
pathogenic microorganisms, help the pathogen 
to penetrate into the plant tissues, establish the 
pathogen and easily cause disease more quicker 
as compared to infection by the pathogen 
alone. Thus, these mites are observed to break 
the plant’s resistance to pathogens (Rao et al. 
 1999 ). Plant mites also act as vectors for a 
number of viral diseases. Several eriophyid 
and tetranychid mites are reported as vectors of 
many viruses causing viral diseases, resulting 
into potential crop/yield losses. Wheat Streak 
Mosaic Virus (WSMV) transmitted by  Aceria 
tulipae  (Jeppson et al.  1975 ), Sugarcane Streak 
Mosaic Virus (MMMV) by  Aceria sacchari  
(Sithanatham et al.  1979 ), Pigeonpea Sterility 
Mosaic Virus (PPSMV) by  A. cajani  (Seth 
 1962 ), Dolichos Enation Mosaic Virus 
(DEMV) by  Tetranychus ludeni  (   Rajagopan 
 1974 ), Rye Grass Mosaic Virus (RGMV) by 
 Abacarus hystrix  and Potato Virus Y by  T. cin-
nabarinus  are common examples of the mites 
transmitting viruses.  
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2     Botanical Pesticides 

 Botanical pesticides are fi rst-generation pesticides 
being used in traditional agriculture for more than a 
century. These are higher plant origin pesticides 
which can directly or indirectly kill or reduce the 
target pest population. These are the important alter-
natives to minimize the use of synthetic  pesticides 
as they possess an array of properties including 
 toxicity to the pest, repellency, antifeedancy and 
insect growth regulatory activities against pests of 
agricultural importance (Parmar and Dev Kumar 
 1993 ; Prakash and Rao  1997 ). Advantages of botan-
icals over synthetic pesticides are as follows:
•    In general, possess low mammalian toxicity 

and thus constitute least/no health hazards and 
environmental pollution  

•   Practically, no risk of developing pest resistance 
to these products, when used in natural forms  

•   Less hazards to nontarget organisms and pest 
resurgence  

•   No adverse effect on plant growth, seed 
 viability and cooking quality  

•   Less expensive and easily available    
    Thousand seventy-fi ve species of higher 

plants have been found to possess pesticidal 
property against insects, mites, nematodes, 
 molluscs, birds and rodent pests of agricultural 
importance. Some of the botanicals like neem, 
bel, ocimum, senwar, pyrethrum, tobacco, 
karanj, mahua, cymbopogon and sweet fl ag have 
already attained the status of potential pesticides 
of plant origin against fi eld pests including 
 phytonematodes and plant mites and also against 
insect pests in storage  ecosystems (Prakash and 
Rao  1997 ).  

3     Botanicals in Plant 
Nematode Management 

 Botanicals/plant products have been extensively 
used earlier for the management of plant 
 nematodes especially in the form of soil 
 application of the oil cakes of different plant 
seeds like mustard, mahua, neem, saffl ower, 
sunfl ower, etc. Leaves, seed and whole plant 

extracts have also been reported to possess 
nematicidal activity (Table  6.1 ).

4         Azadirachta indica  A. Juss 
(Meliaceae): Indian Neem 

 Leaf, kernel extracts, kernel powder and neem oil 
having nematicidal activity are briefed as follows: 

4.1     Neem Leaf as Nematicide 

 The application of 5–10 % leaves in the infested 
soil reduced the incidences of root-knot nema-
todes in tomato and okra (Singh and Sitaramaiah 
 1967 ). Similarly, chopped leaves incorporated 
with the soil also reduced populations of 
 M. incognita  in okra and eggplant (Lall and 
Hameed  1969 ; Hussain and Masood  1975 ). 
Egumjobi and Afolami ( 1976 ) found neem leaf 
extract to reduce the populations of  Pratylenchus 
brachyurus  in maize roots. Alam ( 1976 ) reported 
neem seedlings planted in the periphery of 
tomato, eggplant and chillies in naturally infested 
soil in a mixed cropping pattern to reduce popu-
lations of the nematodes. Agbenin and co- 
workers in  2005  found that  M. incognita  egg 
masses exposed to 20 and 30 %  concentration of 
fresh neem leaf extract did not hatch and showed 
50 and 90 % mortality within 15 min of exposure, 
respectively. By 30 min, mortality had reached 
almost 100 %, while at 10 % concentration of the 
neem leaf extract, an egg mass  ruptured, but the 
released larvae were all found dead or moribund. 
All unhatched egg masses teased up contained 
dead or moribund larvae. The cumulative effect 
of the extracts of dry and fresh neem leaves on 
mortality of larvae and hatchability of egg masses 
was similar after 24 h of exposure regardless of 
the concentrations of the extracts. Neem leaf 
powder incorporated in the soil at 40 g/pot was 
found to reduce the  incidences of the root-knot 
nematode,  M.  incognita , in okra seedlings 
(Bhatnagar et al.  1980 ). Kaliram and Gupta 
( 1980 ) reported neem leaf extract in water to 
reduce root galls caused by  M. javanica  in 
infested chickpea. 

6 Botanical Pesticides for the Management of Plant Nematode and Mite Pests



92

(continued)

   Table 6.1    Nematicidal activity of the botanicals against plant nematode   

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Acacia auriculiformis  
A. Cunn. (Mimosaceae): 
Australian wattle 

 Alcoholic extract 
and air-dried powdered 
funicles 

 Larval mortality to root-knot 
nematode,  Meloidogyne 
incognita  

 Sinhababu et al. ( 1992 ) 

  Adhatoda vasica  Nees. 
(Acanthaceae): Malabar 
nut tree 

 Powdered leaves at 
100 kg/kg soil 

 Reduced multiplication of 
 M. incognita  

 Pandey ( 1995 ) 

  Agastache rugosa  
(Lamiaceae): Korean mint 

 Essential oils  Exhibited strong nematicidal 
activity against  M. incognita  

 He Qin Li et al. ( 2013 ) 

  Ageratum conyzoides  Linn. 
(Asteraceae): Goat weed 

 Whole plant 
aqueous extract 

 Toxicity to  Meloidogyne 
javanica  

 Mukherjee ( 1983 ) 

  Allium cepa  Linn. 
(Amaryllidaceae): Onion 

 Bulb aqueous extract  Toxicity to  M. incognita  and 
 Radopholus similis  

 Sarra-Guzman, ( 1984 ) 

 Root exudates  Toxicity to 2nd and 5th 
juveniles of  M. incognita  

 Hasan ( 1992 ) 

  Allium sativum  Linn. 
(Amaryllidaceae): Garlic 

 Crude aqueous extracts 
of leaves and bulbs 

 Toxicity to sugarcane 
nematode,  Aphelenchoides 
sacchari , and citrus 
nematode,  Tylenchorhynchus 
semipenetrans  

 Nath et al. ( 1982 ) 

 Aqueous bulb extract  Toxicity to  M. incognita  
and  M. javanica  

 Sukul and Ghosh ( 1974 ), 
Mukherjee ( 1983 ) 

 Aqueous bulb extract  Toxicity to  Radopholus similis   Sarra-Guzman, ( 1984 ) 
 Bulb extract  Inhibited the hatching of 

egg masses in  M. incognita  
 Agbenin et al. ( 2005 ) 

 Aqueous bulb extract 
applied to soil 

 Toxicity to  M. incognita  in 
vegetables 

 Gupta et al. ( 1985 ) 

 Garlic oil  Reduced fertility and larval 
toxicity to  M. incognita  

 Gupta and Sharma ( 1985 , 
 1990b ) 

 Aqueous bulb extract  Reduced fertility and larval 
toxicity to  M. incognita  

 Gupta and Sharma 
( 1990a ,  b ) 

 Aqueous bulb extract  Larvicidal to  M. javanica  
in tobacco nursery 

 Krishnamurthy and 
Murthy ( 1990 ) 

  Aloe barbadensis  Mill. 
(Liliaceae): Barbados aloe 

 Whole plant extract  Ovicidal activity to 
 M. incognita  in vegetable 
crops 

 Hussain and 
Masood ( 1975 ) 

 Leaf extract in water  Toxicity to  M. incognita  
in potted vegetable plants 

 Mahmood et al. ( 1979 ) 

 Aqueous root and 
shoot extracts 

    Ovicidal activity to 
 M. incognita  

 Pandey and Haseeb ( 1988 ) 

  Amaranthus gracilis  Linn. 
(Amaranthaceae): Slender 
amaranth 

 Whole plant aqueous 
extract 

 Toxicity to  M. javanica   Mandal and Bhatti ( 1983 ) 

     Anagallis arvensis  Linn. 
(Primulaceae): Poor man’s 
weather grass 

 Aqueous leaf extract  Toxicity to root nematode, 
 Rotylenchulus reniformis  

 Mahmood et al. ( 1982 ) 

  Andrographis paniculata  
(Burm.f.) Wall. Ex. Nees 
(Acanthaceae): King of bitters 

 Leaf and whole plant 
extract 

 Toxicity to  M. incognita   Mukherjee and 
Sukul ( 1978 ) 

 Dried plant amended 
in soil 

 Reduced incidences of 
 M. incognita  in vegetables 

 Goswami and
 Vijayalakshmi ( 1985 ) 

 Plant extracted 
applied in root zone 
of brinjal 

 Reduced populations of 
 M. incognita, R. reniformis  
and  Pratylenchus delattrei  

 Poornima and 
Vodivelu ( 1993 ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Angelica pubescens  Linn. 
(Umbelliferae): Shishiudo 

 Whole plant aqueous 
extract 

 Toxicity to rice white-tip 
nematode,  Aphelenchoides 
besseyi  

 Katsura ( 1981 ) 

  Annona squamosa  Linn. 
(Annonaceae): Sweetsop 

 Aqueous and ethanolic 
leaf extracts 

 Ovicidal and toxicity 
to  M. incognita  in 
vegetable roots 

 Hussain and Masood 
( 1975 ), Mahmood et al. 
( 1979 ) 

     Anthocephalus chinensis  
(Lamb.) Rich. ex. Walp. 
(Naucleaceae): Kadam 

 Aqueous root extracts 
and its purifi ed fractions 

 Toxicity to  M. incognita  
and  Radopholus similis  

 Sarra-Guzman ( 1984 ) 

 Leaf extract  Toxicity to  M. incognita   Chatterjee and Sukul 
( 1979 ) 

  Araucaria cookii  Don. 
(Araucariaceae): Cook pine 

 Aqueous leaf extract  Toxicity to  M. incognita  in 
vegetable crops 

 Jain et al. ( 1986 ) 

  Argemone mexicana  Linn. 
(Papaveraceae): Mexican 
prickly poppy 

 Aqueous root and 
leaf extracts 

 Toxicity to  M. incognita  
and  M. javanica  

 Ramanath et al. ( 1982 ), 
Mukherjee ( 1983 ) 

 Chopped leaves 
mixed with soil 

 Reduced gall incidences of 
 M. incognita  in papaya 

 Reddy and Khan ( 1990 ) 

 Root exudates  Reduced adult female 
population and gall 
incidences and enhanced life 
cycle span of  M. incognita  

 Hasan ( 1992 ) 

 Aqueous shoot extract  Reduced penetration of 
 M. incognita  in brinjal and 
soybean crops 

 Sharma and Prasad ( 1995 ) 

  Artabotrys odoratissimus  
R. Br. (Annonaceae): Climbing 
ylang-ylang 

 Aqueous leaf extract  Reduced larval hatching of 
 M. incognita  tested under 
controlled conditions 

 Chattopadhaya and 
Mukhopadhaya ( 1989b ) 

  Artemisia vulgaris  Auct. Non. 
Linn. (Asteraceae): Indian 
wormwood fl eabane 

 Aqueous root extract  Toxicity to  M. incognita  
and  Radopholus similis  

 Sarra-Guzman ( 1984 ), 
Sherif et al. ( 1987 ) 

  Artemisia herba alba  
(Compositae): Wormwood 

 Leaf extract in 
methanol 

 Increase mortality of 
 M. incognita  

 Al-Banna et al. ( 2003 ) 

  Asparagus offi cinalis  Linn. 
(Liliaceae): Garden asparagus 

 Aqueous root extract  Toxicity to  Rotylenchulus 
reniformis  and  M. incognita  

 Das ( 1983 ) 

  Azadirachta indica  A. Juss 
(Meliaceae): Indian neem 

  Its leaves, kernel extracts, oil, oil cake, etc. are the most exploited among 
the botanicals for nematicidal activities and have been described elsewhere 
in the same chapter  

  Azolla pinnata  R. Br. 
(Azollaceae): Azolla 

 Aqueous leaf extract  Ovicidal to  M. incognita   Thaker ( 1988 ) 
 Azolla biofertilizer  Reduced incidences of  M. 

incognita  in okra 
 Thaker et al. ( 1987 ) 

 Dried leaf powder 
applied in soil 

 Reduced incidences of 
 M. incognita  and 
 M. javanica  in okra 

 Patel et al. ( 1990a ,  b ) 

  Bocconia cordata  Linn. 
(Papaveraceae): Plume poppy 

 Aqueous root extract  Toxicity to  Rhabditis  sp.  Rohde ( 1972 ) 

  Bomarea nivea  (Linn.) 
Gauel (Urticaceae) 

 Oil cake and leaves 
amended in soil 

 Reduced population of 
 Meloidogyne arenaria  

 Mian and Rodriguez 
( 1982 ) 

  Borrelia  sp.  Leaf extract  hatching inhibition in 
 M. incognita  

 Agbenin et al. ( 2005 ) 

(continued)
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Brassica  spp.  As a cover crop  Nematicidal activity 
against  M. incognita  

 Monforta et al. ( 2007 ) 
  Brassica campestris  Linn. Var. 
sarson Prain. (Brassicaceae): 
Yellow mustard/Indian colza 

 Oil cake amended 
in soil at 2.5 t/ha 

 Reduced root-gall intensity 
due to  M. javanica  in 
tomato and okra 

 Hameed ( 1968 ), Singh 
and Sitaramaiah ( 1971 ) 

 Oil cake water extract  Toxicity to  M. incognita   Mishra and Prasad ( 1973 ) 
 Oil cake emended 
in soil 

 Suppressed populations of 
 H. indicus, M. incognita, 
A. avenae  and  T. brassicae  

 Khan et al. ( 1974 ) 

 Oil cake at 100 kgN/ha 
amended in soil 

 Reduced development of 
root-knot nematodes in 
potato and promoted plant 
growth 

 Azam and Khan ( 1976 ) 

 Oil cake amended 
in soil 

 Reduced populations of 
 H. indicus, M. incognita, 
Tylenchus fi liformis  and 
 T. brassicae  

 Alam et al. ( 1977 ) 

 Oil cake amended 
in soil 

 Reduced cyst populations and 
hatching in  Heterodera avenae  

 Sharma et al. ( 1981 ) 

 Oil cake water-soluble 
fractions applied in soil 

 Reduced incidences of 
 M. incognita  and  M. javanica  

 Patel ( 1985 ) 

  Brassica hirta  Moench 
(Brassicaceae): White mustard 

 Oil cake aqueous 
extract 

    Toxicity to golden nematode, 
 Heterodera rostochiensis  

 Ellenby ( 1945a ,  b ) 

  Brassica integrifolia  Linn. 
(Brassicaceae): Mustard 

 Oil cake application 
in soil 

 Reduced the incidences of 
root-knot nematode,  M. 
incognita  

 Varma ( 1976 ) 

  Brassica nigra  (Linn.) Koeh. 
(Brassicaceae): Black mustard/
black rye 

 Water extract of
 oil cake 

 Inhibited the larval 
emergence of  M. incognita  

 Khan et al. ( 1967 ) 

 Oil cake amended in 
soil 3 weeks before 
tomato transplanting 

 Reduced the root galls by 
 M. javanica  

 Singh and Sitaramaiah 
 1971 ; Siddiqui ( 1976 ), 
Alam et al. ( 1976 ) 

 Oil cake at 100 kg 
N/ha amended in soil 

 Reduced populations of 
stylet-bearing nematodes 
in soil 

 Mukherjee ( 1983 ) 

 Oil cake water extract  Toxicity to oat nematode, 
 Aphelenchus avenae ; stem and 
bulb nematode,  Ditylenchus 
cypei ;  H. rostochinesis , 
 T. brassicae  and  M. incognita  

 Krishnamurthy 
and Murthy ( 1990 ) 

     Caesalpinia crista  Linn. 
(Caesalpiniaceae): Molucca 
bean 

 Leaf extract (1:10) 
dilution applied in 
soil of tobacco nursery 

 Reduced incidences of root 
galls by  M. incognita  

 Krishnamurthy 
and Murthy ( 1990 ) 

  Calendula offi cinalis  Linn. 
(Asteraceae): Pot marigold 

 Dried plant amended 
in soil 

 Reduced incidences of root 
galls by  M. incognita  

 Goswami and 
Vijayalakshmi ( 1985 ) 

  Calophyllum inophyllum  Linn. 
(Clusiaceae): Indian laurel 

 Oil cake amended 
in soil 

 Signifi cantly controlled 
 M. javanica  in tobacco 

 Pillai and Desai ( 1976 ) 

 Oil cake water extract  Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee ( 1983 ), 
Goswami and 
Vijayalakshmi ( 1987 ) 

 Oil cake amended 
in soil 

 Reduced incidences of 
root-knot nematode, 
 M. graminicola  

 Prakash et al. ( 1990 ) 

(continued)
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Calotropis gigantea  
Ait. (Asclepiadaceae): 
Crown plant/Madar 

 Leaves amended 
in soil 

 Reduced incidences of 
 M. incognita  

 Kumar and Nair ( 1976 ) 

 Leaf powder 
incorporated in soil 

 Reduced incidences of 
 M. incognita  

 Bhatnagar et al. ( 1980 ) 

 Flower/plant 1
00 g/Kg soil 

 Reduced larval penetration 
of  M. incognita  in tomato 

 Vijayalakshmi and 
Goswami ( 1985 ) 

 Dried leaves amended 
in soil 

 Reduced population of 
 M. incognita, H. indicus  and 
 R. reniformis  in betelvine 

 Sivakumar and 
Marimuthu ( 1986 ) 

  Calotropis procera  
Willd. (Asclepiadaceae): 
Swallow-wort 

 Aqueous leaf extract 
applied in potted 
vegetables 

 Toxicity to  M. incognita   Jain et al. ( 1986 ) 

 Chopped leaves 
ad mixed with 
infested soil 

 Reduced gall formation by 
 M. incognita  in papaya 

 Reddy and Khan ( 1990 ) 

 Chopped leaves 
admixed with soil for 
potted tomato 

 Reduced gall formation by 
 M. incognita  and also its 
population 

 Sundarbabu et al. ( 1993 ) 

 Aqueous leaf extract  Ovicidal activity to cyst 
nematode  Heterodera 
avenae  on barley 

  

 Chopped leaves 
admixed with soil at 
1.5 kg/sq.m in pointed 
gourd fi elds 

 Reduced the populations of 
 M. incognita, H. indicus, 
T. vulgaris  and  H. dihystera  

 Verma and Anwar ( 1995 ) 

  Camellia sinensis  (Linn.) 
O. Kuntz. (Theaceae): Tea 

 Decaffeinated 
tea waste 

 Inhibited oviposition of 
 M. graminicola  and also its 
larval penetration in rice root 

 Roy ( 1976 ) 

  Cannabis sativa  Linn. 
(Moraceae): Hemp 

 Root and shoot 
aqueous extract 

 Toxicity to  T. brassicae, 
H. indicus  and  R. reniformis  

 Haseeb et al. ( 1982 ) 

 Soil amendment of 
whole plant 

 Reduced incidences of 
 M. incognita  

 Goswami and 
Vijayalakshmi ( 1986a ,  b ) 

  Capsicum annum  Linn. 
(Solanaceae): Red pepper 

 Whole plant extract 
(1:10 dilution) applied to 
soil in tobacco nursery 

 Reduced gall formation by 
 M. incognita  

 Krishnamurthy and 
Murthy ( 1990 ) 

  Carica papaya  Linn. 
(Caricaceae): Papaya 

 Unripe fruit 
extract in water 

 Toxicity to  M. incognita   Mukherjee ( 1983 ) 

  Carthamus oxyacantha  
M. Bieb (Asteraceae): 
Wild saffl ower 

 Whole plant and leaf 
extracts in water 

 Toxicity to nematodes of 
agricultural importance in 
general 

 Mukherjee ( 1983 ) 

  Carthamus tinctorius  
Linn. (Asteraceae): 
Saffl ower/Kusum 

 Flower and root 
aqueous extract 

 Toxicity to white-tip 
nematode,  Aphelenchoides 
besseyi,  and also to other 
nematodes 

 Katsura ( 1981 ) 

 Oil admixed with soil  Toxicity to  Pratylenchus 
penetrans  

 Mukherjee ( 1983 ) 

 Oil cake amended 
in soil in tomato 

 Reduced incidences of 
 M. incognita  and  M. javanica  

 Miller ( 1979 ), Goswami 
and Vijayalakshmi ( 1986a ,  b ) 

  Carum carvi  (Apiaceae or 
Umbelliferae): Caraway 

 Umbels  Highly effective at J 2  
immobilization and hatching 
inhibition of  Meloidogyne 
javanica  

 Oka et al. ( 2000 ) 

(continued)
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Carissa carandas  Linn. 
(Caesalpiniaceae): Karonda 

 Aqueous leaf extract  Toxicity to larvae of 
 M. incognita  and adults of 
 R. reniformis  

 Haseeb et al. ( 1982 ) 

  Cassia fi stula  Linn. 
(Caesalpiniaceae): Amaltas 

 Leaves as soil 
amendment at 5 % (w/w) 

 Reduced incidences of 
 M. javanica  

 Singh and Sitaramaiah 
( 1967 ) 

 Aqueous leaf extract  Toxicity to  R. reniformis  
under lab. test 

 Haseeb et al. ( 1982 ) 

  Cassia occidentalis  
Linn. (Caesalpiniaceae): 
Coffee senna 

 Leaves as soil 
amendment at 
5–10 % (w/w) 

 Reduced incidences of 
 M. javanica  

 Singh and Sitaramaiah 
( 1967 ) 

  Catharanthus roseus  (Linn.) 
G. Don. (Apocynaceae): 
Madagascar periwinkle 

 Whole plant and leaves 
applied in rows,1–2 
days before seedling 
transplanting 

 Inhibited development of 
 R. reniformis  and  T. vulgaris  
in okra fi elds 

 Patel et al. ( 1990a ,  b ) 

 Plant extract (1:10 
dilution) 

 Reduced root galling due to 
 M. incognita  

 Krishnamurthy and 
Murthy ( 1990 ) 

  Centrosema pubescens  Benth 
(Fabaceae): Centro 

 Aqueous leaf extract  Toxicity to  M. incognita   Hoan and Davide ( 1979 ) 

  Chenopodium album  Linn. 
(Chenopodiaceae): Pigweed 

 Whole plant extract 
in water 

 Toxicity to  M. incognita   Nandal and Bhatti ( 1983 ) 

  Chenopodium ambrosioides  
Linn. (Chenopodiaceae): 
Wormwood seed 

 Aqueous leaf extract  Toxicity to larvae of 
 M. incognita  

 Hussain and Masood 
( 1975 ) 

 Root and shoot extract 
in water 

 Toxicity to  T. brassicae, 
H. indica  and  R. reniformis  

  

 Whole plant extract  Potential nematicide to 
control plant nematodes 

 Garciaspinosa ( 1980 ) 

  Chromolaena odorata  
D.C. (Asteraceae): Hagonoy 

 Aqueous leaf extract  Toxicity to root-knot 
nematode,  Meloidogyne 
incognita  

 Hoan and Davide ( 1979 ) 

  Chrysanthemum indicum  
Linn. (Asteraceae): Japanese 
chrysanthemum 

 Whole plant extract 
(1:10 dilution) applied in 
soil of tobacco nurseries 

 Toxicity to  M. incognita   Krishnamurthy and 
Murthy ( 1990 ) 

  Cirsium arvense  Mill. 
(Asteraceae): Canadian thistle 

 Whole plant extract  Showed nematicidal activity to 
nematodes of agricultural 
importance 

 Mukherjee ( 1983 ) 

  Citrus reticulata  Blanco 
(Rutaceae): Mandarin orange 

 Fruit peel and leaf 
extract 

 Toxicity to  M. incognita  and 
 M. javanica  

 Mukherjee ( 1983 ) 

     Clerodendrum inerme  (Linn.) 
Garetin (Verbenaceae): Glory 
Bower, Indian privet Vilayati 
mehndi 

 Whole plant extract  Reduced the incidences of  M. 
incognita  and  M. javanica  in 
okra roots 

 Patel et al. ( 1985 ) 

 Leaf powder applied 
in soil before seeding 
okra 

 Reduced the incidences of 
 M. incognita  and  M. javanica  
in okra roots 

 Patel et al. ( 1990a ) 

 Leaf extract applied in 
soil 

 Reduced root galling of 
 M. incognita  in tobacco 
nurseries 

 Krishnamurthy and 
Murthy ( 1990 ) 

 Leaves amended in soil 
at 5 kg/plant 

 Reduced nematode 
population in plantain and 
increased bunch weight 

 Jacob et al. ( 1990 ) 

  Colocasia antiquorum  Remy. 
(Asteraceae): Cocoyam 

 Leaf water extract  Toxicity to  R. reniformis  
under laboratory test 

 Haseeb et al. ( 1982 ) 

(continued)
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Coffea robusta  Linden 
(Rubiaceae): Congo coffee 

 Coffee powder  Toxicity to root-knot 
nematode,  Meloidogyne 
arenaria  

 Mian and 
Rodriguez ( 1982 ) 

  Cosmos bipinnatus  Cav. 
(Asteraceae): garden cosmos 
or Mexican aster 

 Aqueous fl ower 
extract 

 Toxicity to  M. incognita  
and inhibited oviposition 

 Bano et al. ( 1986 ) 

  Cordia myxa  Linn. 
(Boraginaceae): Glue berry 

 Aqueous leaf extract  Toxicity to  Rotylenchus 
reniformis  

 Haseeb et al. ( 1982 ) 

  Crotalaria juncea  Linn. 
(Fabaceae): Sunn hemp 

 Leaves amended in 
soil at 5–10 % w/w 

 Reduced the populations of 
 M. javanica  in potted tomato 
and okra 

 Singh and Sitaramaiah 
( 1967 ) 

 Whole plant aqueous 
extract 

 Toxicity to  M. arenaria  and 
 M. incognita  

 Mian and Rodriguez 
( 1982 ), Das ( 1983 ) 

 Chopped leaves 
applied in soil 

 Reduced population of 
 Heterodera avenae  

 Dahlya et al. ( 1986 ) 

  Crotalaria spectabilis  Medik. 
(Fabaceae): Rattlebox 

 Aqueous leaf and 
seed extract 

 Toxicity to  M. incognita    

  Croton sparsifl orus  Marong. 
(Euphorbiaceae): Croton 

 Aqueous leaf extract  Toxicity to  M. incognita    

  Cymbopogon citratus  (D.C.) 
Stapf. (Poaceae): Lemon grass 

 Aqueous leaf extract  Toxicity to  M. incognita   Kumar and Nair ( 1976 ), 
Hoan and Davide ( 1979 ) 

  Cynodon dactylon  (Linn.) Pers. 
(Poaceae): Bermuda grass 

 Whole plant aqueous 
extract 

 Toxicity to  M. incognita   Hoan and davide ( 1979 ) 

  Cyperus rotundus  Linn. 
(Cyperaceae): Nut grass 

 Whole plant aqueous 
extract 

 Toxicity to  M. incognita   Hoan and Davide ( 1979 ) 

  Dalbergia sissoo  Roxb. 
(Fabaceae): Sissoo 

 Saw dust amended 
in soil alone or with 
neem kernel powder 

 Reduced populations of 
 M. javanica  

 Sitaramaiah and Singh 
( 1978 ) 

 Aqueous leaf extract  Toxicity to  R. reniformis   Haseeb et al. ( 1982 ) 
  Daphne odora  Linn. (Thyme-
laeaceae): Sweet daphne 

 Aqueous root extract  Toxicity to  A. besseyi   Munakata ( 1978 ), 
Katsura ( 1981 ) 

  Datura metel  Linn. 
(Solanaceae): Angel’s 
trumpet 

 Leaves amended 
in soil 

 Reduced gall incidences 
by  M. javanica  in chickpea 

 Kaliram and Gupta ( 1980 , 
 1982 ), Gupta and Kaliran 
( 1981 ) 

 Aqueous leaf extract  Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee ( 1983 ) 

  Datura stramonium  Linn. 
(Solanaceae): Jimson weed 

 Seed and leaf aqueous 
extract 

 Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee ( 1983 ) 

 Leaf, bulb and stem 
water and methanolic 
extracts 

 Toxicity to J2 stage of 
 Tylenchulus semipenetrans  
and  Anguina tritici  

 Kumari et al. ( 1986 ) 

  Derris elliptica  (Wall.) Benth 
(Fabaceae): Tuba root 

 Root and seed extracts 
in water 

 Toxicity to  M. incognita   Hoan and Davide ( 1979 ) 

  Desmodium zangelicum  
(Linn.) D.C. (Leguminosae): 
Jimson weed or thorn apple 

 Root extract in water  Toxicity to  M. incognita  
and  Radopholus similis  

 Sarra-Guzman, ( 1984 ) 

  Digitaria documbens  (Linn.) 
Nees. (Poaceae): Pangola grass 

 Whole plant aqueous 
extract 

 Ovicidal to  M. incognita   Haroon et al. ( 1982 ) 

 Soil planted with 
this grass 

 Reduced populations of 
 M. incognita  in tomato and 
toxicity to its larvae 

 Haroon and Smart 
( 1983a ,  b ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Eclipta alba  Hassk. 
(Asteraceae): Morchand 

 Root, shoot and whole 
plant aqueous extract 

 Toxicity to  M. graminicola  
in rice and other spp. of 
 Meloidogyne  and 
 Rotylenchulus  

 Prasad and Rao ( 1979 ) 

 Whole plant extract  Ovicidal and toxic to 
 M. incognita  

 Bano et al. ( 1986 ) 

 Leaves amended 
in soil 

 Reduced incidences of root 
knots in tomato 

 Goswami and 
Vijaylakshmi ( 1986a ,  b ) 

  Eichornia crassipes  (Mart.) 
Salms (Pontedariaceae): 
Water hyacinth 

 Compost amendment 
in soil 

 Reduced hatching of eggs 
of  M. graminicola  

 Roy ( 1976 ) 

 Root extract and its 
pure fractions 

 Toxic to  M. incognita  and 
 R. similis  

 Sarra-Guzman, ( 1984 ) 

 Aqueous leaf extract  Toxicity to  M. incognita  in 
vegetable crops 

 Jain et al. ( 1986 ) 

  Emblica offi cinalis  Gaertn. 
(Euphorbiaceae): Indian 
gooseberry 

 Aqueous leaf extract  Toxicity to  M. incognita   Haseeb et al. ( 1982 ) 

  Eragrostis amabilis  Jacq. 
(Poaceae): Bug’s egg grass 

 Aqueous leaf extract  Toxicity to  M. incognita   Hoan and Davide ( 1979 ) 

  Eruca vesicaria  (L.) Cav. 
Subsp.  sativa  (Mill.) Thell. 
(Cruciferae): Roquette/taramira 

 Water-soluble fractions 
of its oil cake extract 

 Toxicity to root-knot 
nematode,  M. incognita  

 Bhatnagar et al. ( 1978 ) 

  Erythrina indica  Lamk. var. 
 parcellii  Hort. (Papilionaceae): 
Indian coral tree 

 Aqueous leaf extract  Toxicity to  M. incognita  in 
the potted vegetable plants 

 Mohanty and Das ( 1987 , 
 1988 ) 

  Eucalyptus melliodora   Essential oils  High nematicidal activity 
against  M. javanica  

 Ntalli and Caboni ( 2012 ) 

  Eupatorium odoratum  Linn. 
(Asteraceae): Bitterbush 

 Leaves amended 
in soil 

 Reduced gall incidences by 
 M. incognita  in okra 

 Kumari et al. ( 1986 ), 
Subramaniyan ( 1985 )  

  Euphorbia cyparissias  Lindl. 
(Euphorbiaceae): Cypress 
spurge 

 Whole plant extract 
in water 

 Toxicity to nematodes in 
general 

 McIndoo ( 1982 ) 

  Ficus elastica  Roxb. 
(Moraceae): Indian 
rubber tree 

 Chopped leaves of 
seedlings and early 
plants amended in soil 

 Toxicity to  M. incognita, 
R. reniformis  and  T. brassicae  
in tomato and eggplants 

 Siddiqui et al. ( 1987 ,
  1992 ) 

  Fleurya interrupta  Gandich. 
(Urticaceae): Indian birthwort 

 Aqueous leaf extract  Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee and Sukul 
( 1978 ), Mukherjee 
( 1983 ) 

  Foeniculum vulgare  
(Umbelliferae): Fennel 

  Umbels   Highly effective at J2 
immobilization and hatching 
inhibition of  M. javanica  

 Oka et al. ( 2000 ) 

  Gaillardia picta  Foug. 
(Asteraceae): Gaillardia 

 Flower, stem and leaf 
extracts in water 

 Toxicity to  M. incognita   Tiyagi et al. ( 1985 ) 

  Gliricidia sepium  (Jacq.) Walp. 
(Papilionaceae): Madre tree 

 Leaves amended 
in soil 

 Reduced incidences of 
 M. incognita  in okra 

  

 Chopped leaves 
amended in soil at1
0g/kg per pot 

 Reduced incidences of 
nematodes in black pepper 

 Jasy and Koshy ( 1992 ) 

  Gloriosa superba  Linn. 
(Liliaceae): Tiger’s claws 

 Aqueous root and shoot 
extracts 

 Toxicity to  M. incognita   Pandey and 
Haseeb ( 1988 ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Gossypium hirsutum  Linn. 
(Malvaceae): Cotton 

 Seed oil mixed 
with soil 

 Toxic to  Heterodera 
tabacum  and also to 
 Pratylenchus penetrans  

 Miller ( 1979 ) 

 Oil cake amended 
in soil 

 Reduced incidences of 
 M. incognita  

 Lanjeswar and 
Shukla ( 1979 ) 

  Guizotia abyssinica  Cass. 
(Astreaceae): Niger seed 

 Seed oil cake 
amended in soil 

 Reduced incidences of 
 M. incognita  in tomato 

 Gowda ( 1972 ) 

  Hannoa klaineana  Planch. 
(Simaroubaceae) 

 Aqueous seed extract  Inhibited penetration of 
 M. javanica  

 Proct and 
Comprobst ( 1983 ) 

  Hannoa undulata  Planch. 
(Simaroubaceae) 

 Seed extract mixed 
with soil 

 Inhibited penetration of 
 M. javanica  

 Proct and 
Comprobst ( 1983 ) 

  Helenium  (hybrid) Linn. 
(Asteraceae): Moerheim 
beauty 

 Leaf extract in water  Toxicity to  Pratylenchus 
penetrans  

 Gommeres ( 1971 ) 

  Helianthus annuus  Linn. 
(Asteraceae): Sunfl ower 

 Root, fl ower and seed 
extracts 

 Toxicity to  M. incognita   Das ( 1983 ) 

 Oil cake amended 
in soil 

 Reduced root-knot index 
in eggplants 

 Singh and Singh ( 1988 ) 

  Holarrhena antidysenterica  
R. Br. (Apocynaceae): 
Tellicherry bark 

 Leaf, root and bark 
extracts in water 

 Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee ( 1983 ) 

  Hydnocarpus laurifolia  
(Donnstr.) Sleumer 
(Flacourtiaceae): Marotti 

 Oil cake amended in soil  Toxicity to  M. incognita   Desai et al. ( 1973 ) 
 Flower, fruit and 
seed extracts 

 Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee ( 1983 ) 

  Hypericum androsaemum  
(Hypericaceae): Tutsan 

 Whole plant extract 
in methanol 

 Increase mortality 
 Meloidogyne javanica  

 Al-Banna et al. ( 2003 ) 

     Imperata cylindrica  (L.) 
P. Beauv. var.  major  (Nees.) 
C.E. Hubb. ex. Hubb. and 
Vaughan (Poaceae) 

 Leaf extract in water  Toxicity to  M. incognita   Hoan and Davide ( 1979 ) 

  Ipomoea palmata  Forsk. 
(Convolvulaceae): Railway 
creeper 

 Leaf and stem extracts 
in water and alcohol 

 Toxicity to 2nd stage 
juveniles of  T. semipenetrans  
and  Anguina tritici  

 Kumari et al. ( 1986 ) 

  Iris japonica  Linn. (Iridaceae): 
Japanese iris 

 Aqueous leaf extract  Toxicity to white-tip 
nematode,  A. besseyi  

 Katsura ( 1981 ) 

  Jasminum arborescens  Roxb. 
(Oleaceae): Tree jasmine 

 Leaf extract in water  Toxicity to  M. incognita  in 
vegetable crops 

 Hussain and 
Masood ( 1975 ) 

  Jatropha gossypifolia  Linn. 
(Euphorbiaceae) 

 Leaf extract in water  Toxicity to eggs of
  Heterodera avenae  

  

  Lantana camara  Linn. 
(Verbenaceae): Lantana 

 Chopped leaves mixed 
with infested soil 

 Reduced root galling in 
papaya by  M. incognita  

 Reddy and Khan ( 1990 ) 

  Lawsonia inermis  Linn. 
(Lathyraceae): Egyptian privet/
henna 

 Leaf extracts in water 
and methanol 

 Toxicity to 2nd stage 
juveniles of  T. semipenetrans  
and  Anguina tritici  

 Kumari et al. ( 1986 ) 

  Leucaena leucocephala  (Lamk.) 
de Wit. (Mimosaceae): White 
popinac/horse tamarind 

 Root extract in water  Toxicity to  M. incognita  
and also to  R. similis  

 Hoan and Davide ( 1979 ), 
Sarra-Guzman ( 1984 ) 

 Chopped leaves 
amended in soil 

 Reduced population of cyst 
nematode,  Heterodera avenae , 
in wheat 

 Dahlya et al. ( 1986 ) 

 Aqueous leaf extract  Toxicity to  Aphelenchoides 
composticola  

 Grewal and Sohi ( 1988 ) 

 Chopped leaves ad mixed 
with soil at 5 g/kg 

 Reduced gall index of  M. 
incognita  in potted tomato 

 Sundarbabu et al. ( 1993 ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Linum usitatissimum  Linn 
(Linaceae): Linseed/fl ax 

 Oil cake applied in soil 
grown with tomato and 
okra seedling 

 Reduced root gall 
incidences of  M. incognita  
and  M. javanica  

 Hameed ( 1968 ), Singh 
and Sitaramaiah ( 1969 , 
 1971 ,  1976 ), Srivastava 
( 1971 ), Langeswar and 
Shukla ( 1986 ) 

 Aqueous leaf extract  Toxic to  R. reniformis   Mahmood et al. ( 1982 ) 
 Oil admixed with soil  Toxicity to  P. penetrans  and 

 M. incognita  
 Miller ( 1979 ), Sen and 
Das-Gupta ( 1985 ) 

 Oil cake amended 
in soil 

 Reduced root-knot index and 
populations of  M. incognita  

 Singh and Singh ( 1988 ) 

  Litsea cubeba  litsea  Essential oils  Nematicidal activity against 
pinewood nematode 
 Bursaphelenchus xylophilus  

 Park et al. ( 2007 ) 

  Madhuca indica  J.F. Gmel. 
(Sapotaceae): Mahua 

 Oil cake water extract  Inhibited larval emergence of 
 M. javanica  and  M. incognita  

 Khan et al. ( 1967 ), Khan 
( 1974 ) 

 Oil cake applied in 
soil grown with tomato 
and okra seedling 

 Reduced root gall incidences 
of  M. incognita  

 Singh and Sitaramaiah 
( 1969 ) 

 Oil cake amended 
in soil 

 Reduced populations of 
stylet-bearing nematodes in/
around the roots of eggplant, 
guava and citrus 

 Mobin and Khan ( 1969 ) 

 Oil cake amended 
in soil at 100 Kg N/ha 

 Reduced population of 
 M. incognita  in tomato and 
other vegetable crops 

 Khan et al. ( 1973 ), Azam 
and Khan ( 1976 ), 
Langeswar and Shukla 
( 1986 ) 

 Oil cake water extract  Toxic to  A. avenae  and 
 Ditylenchus cypei  

 Mukherjee ( 1983 ) 

 Oil cake amended 
in soil at 1 g/kg 

 Reduced root galling by 
 M. incognita  in  Ocimum 
basilicum  

 Haseeb et al. ( 1988 ) 

 Oil cake amended 
in soil at 100 Kg N/ha 

 Reduced population of  M. 
incognita, R. reniformis  and 
 P. delattrei  in brinjal 

 Poornima and Vodivelu 
( 1993 ) 

  Mangifera indica  Linn. 
(Anacardiaceae): Mango 

 Leaf extract (1:10 
dilution) amended 
in soil 

 Reduced root galling by 
 M. incognita  in tobacco 
nurseries 

 Krishnamurthy and 
Murthy ( 1990 )) 

 Green leaves admixed 
with soil at 5 t/ha 

 Controlled  M. incognita  in 
okra 

 Kumar and Nair ( 1976 ) 

 Leaf extract in water  Toxicity to 2nd stage 
juveniles of  M. incognita  

 Vijayalakshmi 
et al. ( 1979 ) 

 Solution of dried 
leaves soaked in water 

 Showed 88 % mortality to 
 Criconemoides annulatum  

 Jain and Saxena ( 1993 ) 

  Melia azedarach  Linn. 
(Meliaceae): Chinaberry/dharek 

 Leaves amended 
in soil 

 Reduced root-knot 
incidences by  M. incognita  
in tomato and okra 

 Singh and Sitaramaiah 
( 1969 ) 

 Root and shoot 
aqueous extracts 

 Toxicity to  T. brassicae, 
H. indicus  and  R. reniformis  

  

 Its interculture with 
tomato and okra 

 Reduced incidences of  M. 
incognita  and  R. reniformis  

 Siddiqui and Alam ( 1987 ) 

 Oil cake amended 
in soil at 5 t/ha 

 Reduced root-knot index of 
 M. incognita  

 Verma ( 1993 ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Mentha spicata  (Linn.) Huds. 
(Lamiaceae): Spearmint 

 Aqueous leaf extract  Toxicity to  M. incognita   Haseeb et al. ( 1982 ) 
 Hatching inhibition of 
 M. javanica  

 Oka et al. ( 2000 ) 

     Mentha rotundifolia :
Apple mint 

 Foliage  Highly effective in 
immobilizing juveniles 
and hatching inhibition of 
 Meloidogyne javanica  

 Oka et al. ( 2000 ) 

  Mimosa pudica  Linn. 
(Mimosaceae): Touch me not 

 Aqueous leaf extract  Toxicity to  M. incognita   Hoan and Davide ( 1979 ) 

  Momordica charanti a Linn. 
(Cucurbitaceae): Bitter gourd 

 Aqueous and 
alcoholic leaf extracts 

 Toxicity to  M. incognita  
and  M. javanica  

 Mahmood et al. ( 1979 ), 
Mukherjee ( 1983 ) 

  Moringa pterygosperma  
Gaertn. (Rubiaceae): Horse tree 

 Aqueous leaf extract  Toxicity to  M. incognita  
and  R. similis  

 Hoan and Davide ( 1979 ), 
Sarra-Guzman ( 1984 ) 

  Moringa oleifera  Lamk. 
(Moringaceae): Drumstick tree 

 Aqueous leaf extract 
(1:10 dilution) in soil 

 Reduced root galling by 
 M. incognita  in tobacco 
nursery 

 Krishnamurthy and 
Murthy ( 1990 ) 

     Nasturtium offi cinale  R. Br. 
(Brassicaceae): Watercress 

 Aqueous leaf extract  Toxicity to  Heterodera 
rostochiensis  

 Ellenby ( 1945a ) 

  Nicotiana tabacum  Linn. 
(Solanaceae): Tobacco 

 Root and shoot 
aqueous extracts 

 Toxicity to  T. brassicae , 
 H. Indicus  and  R. reniformis  

  

 Leaf extract  Highly toxic to  M. incognita   Wiratno et al. ( 2009 ) 
  Ocimum sanctum  Linn. 
(Lamiaceae): Holy basil 

 Crude leaf aqueous 
extract 

 Toxicity to  M. incognita   Chatterjee et al. ( 1982 ) 

 Leaf extracts in 
ethanol and methanol 

 Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee ( 1983 ) 

 Root and shoot 
aqueous extracts 

 Ovicidal to  M. incognita   Haseeb and 
Butool ( 1990 ) 

 Aqueous leaf extract  Ovicidal to  H. avenae    
  Origanum syriacum   Leaf extract in methanol  Causes mortality  M. javanica   AL-Banna et al. ( 2003 ) 
  Syrian oregano   Foliage  Effective at reducing root 

galling on cucumber by 
 Meloidogyne javanica  

 Oka et al. ( 2000 ) 

     Origanum vulgare (C-type) 
Oregano  (Lamiaceae): Wild 
marjoram 

 Foliage  Effective at reducing root 
galling on cucumber by 
 Meloidogyne javanica  

 Oka et al. ( 2000 ) 

  Oryza sativa  Linn (Poaceae): 
Rice 

 Aqueous leaf extract  Toxicity to  M. incognita   Hoan and Davide ( 1979 ) 

  Papaver rhoeas  Linn. 
(Papaveraceae): Corn poppy 

 Aqueous root and 
shoot extract 

 Toxicity to  T. brassicae , 
 H. indicus  and  R. reniformis  

  

  Parthenium hysterophorus  
Linn. (Asteraceae): 
Carrot grass 

 Whole plant extract  Toxicity to  M. incognita  and 
 H. dihystera  in vegetable crops 

 Hasan and Jain ( 1984 ) 

 Chopped leaves mixed 
with infested soil 

 Reduced root galling by 
 M. incognita  in papaya 

 Reddy and Khan ( 1990 ) 

  Peristrophe bicalyculata  
(Retz.) Nees. (Acanthaceae) 

 Leaves amended 
in soil 

 Reduced incidences of 
 M. incognita  in okra 

 Chatterjee and 
Sukul ( 1979 ) 

  Phaseolus lunatus  Linn. 
(Papilionaceae): Lima bean/
Sieva bean 

 Aqueous seed extract  Inhibited larval hatching 
and found toxic to 
 M. incognita  

 Hussain and Masood 
( 1975 ), Mahmood 
et al. ( 1979 ) 

  Pimenta dioica  allspice 
(Myrtaceae): Jamaica pepper, 
pepper 

 Essential oils  Nematicidal activities against 
the pinewood nematode, 
 Bursaphelenchus xylophilus  

 Park et al. ( 2007 ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Piper nigrum  Linn. 
(Piperaceae): Black pepper 

 Whole plant extract 
(1:10 dilution) in soil 

 Reduced root galling 
by  M. incognita  in 
tobacco nursery 

 Krishnamurthy and 
Murthy ( 1990 ) 

     Piper betle  (Piperaceae): 
Betelvine, betel pepper 

 Leaf extract  Highly toxic to 
 M. incognita  

 Wiratno et al. ( 2009 ) 

  Polyalthia longifolia  (Sonn.) 
Thw. (Annonaceae) 

 Aqueous leaf extract  Toxic to eggs of 
 Heterodera avenae  

  

  Pongamia glabra  Vent. 
(Fabaceae): Puna oil tree/
Karanja 

 Water extract of oil cake  Toxicity to  M. incognita   Mishra and Prasad ( 1973 ) 
 Oil cake amended 
is soil 

 Reduced population of 
 M. javanica  in tomato and 
 M. incognita  in tobacco 
and in betelvine 

 Singh and Sitaramaiah 
( 1976 ): Desai et al. ( 1979 ): 
Jagadale et al. ( 1985a ,  b ) 

 Aqueous leaf extract  Reduced populations of 
 Aphelenchoides composticola  

 Rao and Pandey ( 1982 ) 

 Mulching of green 
leaves with soil 

 Reduced incidences of 
 M. incognita  in mulberry 

 Govindaiah et al. ( 1989 ) 

  Populus deltoides  Marsh. 
(Salicaceae): Caroline poplar 

 Aqueous leaf extract  Toxicity to  Aphelenchoides 
composticola  

 Grewal and Sohi ( 1988 ) 

  Portulaca oleracea  Linn. 
(Portulacaceae): Common 
purslane 

 Aqueous leaf and 
stem extracts 

 Toxicity to  M. incognita   Hoan and Davide ( 1979 ) 

  Prosopis julifl ora  (Sw.) D.C. 
(Mimosaceae): Mesquite/
Algaroba 

 Chopped leaves 
admixed with soil 
at 5 g/kg 

 Reduced gall index of 
 M. incognita  in potted 
tomato 

 Sundarbabu et al. ( 1993 ) 

  Pueraria lobata  (Willd.) 
Ohwi. (Fabaceae): Thumberry/
Kudzu vine 

 Aqueous leaf extract  Toxicity to  M. incognita   Mian and 
Rodriguez ( 1982 ) 

  Raphanus sativus  Linn. 
(Brassicaceae): Radish 

 Aqueous root extract  Toxicity to  M. incognita   Das ( 1983 ) 

  Ricinus communis  Linn. 
(Euphorbiaceae): Castor 

 Oil cake amended 
in soil 

 Reduced root galls in okra 
and tomato by  M. incognita  

 Singh and Sitaramaiah 
( 1976 ) 

 Water extract from 
oil cake 

 Toxicity to larvae of 
 M. incognita  

 Sharma et al. ( 1985 ) 

 Water extract from 
oil cake 

 Toxicity to adults of 
 H. indicus, R. reniformis  
and  T. brassicae  
 Reduced 

 Khan et al. ( 1973 ) 

 Oil cake amended 
in soil for citrus, brinjal 
and guava and oil cake 
extract 

 Populations of  H. indicus, 
R. reniformis, M. incognita, 
A. avenae  and  T. brassicae  
and showed toxicity to these 
nematodes 

 Alam et al. ( 1976 ,  1977 ) 

 Oil cake amended in 
soil for okra and brinjal 

 Reduced incidences of 
 M. incognita  and  M. javanica  

 Sikdar et al. ( 1986 ), 
Reddy and Khan ( 1990 ) 

 Leaf powder amended 
in soil at 40 g/pot 

 Reduced incidences of 
nematodes in okra and tomato 

 Bhatnagar et al. ( 1980 ) 

 Chopped leaves mixed 
with soil 

 Reduced root galls by 
 M. incognita  and  M. javanica  
in tomato and papaya 

 Ravidutta and Bhatti 
( 1986a ,  b ), Zaki and Bhatti 
( 1989 ), Reddy and Khan 
( 1990 ) 

 Aqueous leaf extract 
at44 g/kg soil 

 Reduced larval hatching 
and penetration of 
 M. incognita  in tomato 

 Ravidutta and Bhatti 
( 1986a ,  b ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

 Castor cropping in 
between vegetables 

 Reduced root galling by  M. 
incognita  

 Prasad et al. ( 1987 ) 

 Root exudates  Reduced gall formation by  M. 
incognita  

 Hasan ( 1992 ) 

 Chopped leaves mixed 
with soil at 1.5 kg/m 2  to 
grow pointed gourd 

 Reduced populations of  M. 
incognita, H. indicus, H. 
dihystera  and  T. vulgaris  

 Verma and Anwar ( 1995 ) 

  Scilla indica  Roxb. (Liliaceae): 
Indian squill 

 Aqueous root and shoot 
extracts 

 Toxicity to  M. incognita   Pandey and Haseeb ( 1988 ) 

     Sesamum indicum  Linn. 
(Pedaliaceae): Sesame/gingilly 

 Oil cake amended in soil  Toxicity to nematodes in 
general and also  M. incognita  

 Midha and Chabra ( 1974 ), 
Sikdar et al. ( 1986 ) 

 Water-soluble fractions 
of oil 

 Reduced incidences of  M. 
incognita  in okra 

 Bhatnagar et al. ( 1978 ) 

 Chopped leaves mixed 
with infested soil 

 Reduced incidences of  M. 
incognita  in vegetable crops 

 Reddy and Khan ( 1990 ) 

  Sesbania aculeata  (Willd.) Poir. 
(Papilionaceae): Dhaincha 

 Leaves amended in soil 
at 5–10%w/w in pot 
experiments 

 Reduced incidences of  M. 
javanica  in tomato 

 Singh and Sitaramaiah 
( 1967 ) 

  Shorea robusta  Gaertn. f. 
(Dipterocarpaceae): Sal 

 Saw dust amended in soil 
along with neem kernel 
powder 

 Reduced incidences of  M. 
javanica  in tomato 

 Singh and Sitaramaiah 
( 1971 ) 

 Oil cake amended in soil 
for wheat crop 

 Reduced populations of  M. 
incognita  

 Sharma et al. ( 1985 ) 

  Sida cordifolia  Linn. 
(Malvaceae): Country mallow 

 Aqueous leaf extract  Toxicity to  M. incognita  and 
 R. reniformis  

 Mahmood et al. ( 1982 ) 

  Solanum hispidum  Linn. 
(Solanaceae) 

 Aqueous leaf and root 
extracts 

 Toxicity to  T. brassicae  and  H. 
indicus  

  

  Solanum pampasense  Linn. 
(Solanaceae) 

 Aqueous root extracts  Toxicity to  H. rostochiensis   Jacobson ( 1958 ) 

  Solanum sucrense  (Linn.) Mill. 
(Solanaceae) 

 Aqueous root extracts  Toxicity to  H. rostochiensis   Jacobson ( 1958 ) 

     Solanum xanthocarpum  Schrad. 
and Wendl. (Solanaceae) 

 Aqueous root extracts  Toxicity to  M. incognita   Hasan ( 1992 ) 

  Sonchus oleraceus  Linn. 
(Asteraceae) 

 Aqueous leaf and root 
extracts 

 Toxicity to  M. incognita   Bano et al. ( 1986 ) 

  Sophora fl avescens  Linn. 
(Fabaceae) 

 Aqueous root extracts  Toxicity to pinewood 
nematode,  Bursaphelenchus 
xylophilus  

 Masuda et al. ( 1991 ) 

  Sorghum vulgaris  Pers. 
(Gramineae): Sorghum 

 Whole plant extract 
(1:10 dilution) in soil 

 Reduced root galling by  M. 
incognita  in tobacco nursery 

 Krishnamurthy and Murthy 
( 1990 ) 

  Sphenoclea zeylanica  Gaertn. 
(Sphenocleaceae): Gooseweed 

 Green manuring in rice 
fi elds and aqueous leaf 
extract 

 Reduced populations of 
 Hirschmanniella oryzae  and 
showed toxicity to this 
nematode 

 Mohandas et al. ( 1981 ) 

  Syzygium aromaticum  
(Myrtaceae): Clove 

 Bud extract  Toxicity to  M. incognita   Wiratno et al. ( 2009 ) 

  Tagetes erecta  Linn. 
(Asteraceae): Aztec marigold/
big marigold 

 Intercropping with 
tomato, brinjal and 
wheat and also with 
mulberry 

 Reduced incidences 
of  M. incognita, 
H. rostochiensis, 
P. penetrans  

 Ruelo ( 1976 ), Ruelo and 
Davide ( 1979 ): Govindaiah 
et al. ( 1990 ) 

 Aqueous leaf and root 
extracts 

 Inhibited larval hatching 
of  M. incognita  

 Hussain and Masood 
( 1975 ), Hoan and Davide 
( 1979 ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

 Seedlings of tomato, 
brinjal and chillies 
surrounded by 
marigold 

 Reduced populations of 
 H. indicus, R. reniformis, 
T. brassicae  and  M. incognita  
and inhibited larval hatching 

 Alam et al. ( 1975 ,  1976 ) 

 Methanolic leaf and 
stem extracts 

 Up to 100 % mortality to 
2nd juveniles of  T. penetrans  
and  A. tritici  

 Kumari et al. ( 1986 ) 

 Chopped leaves mixed 
with infested soil 

 Reduced root galling by 
 M. incognita  in papaya and 
by  H. indicus, T. vulgaris  and 
 H. dihystera  in pointed gourd 
and by  M. incognita  in tomato 

 Reddy and Khan ( 1990 ), 
Verma and Anwar ( 1995 ), 
Siyanand et al. ( 1995 ) 

  Tagetes lucida  Cav. 
(Asteraceae): sweet scented 
marigold 

 Root extract in water  Toxicity to  M. javanica  and 
other nematodes infesting 
vegetables 

 Mukherjee ( 1983 ) 

 Aqueous fl ower extract  Toxicity and inhibiting 
hatching of juvenile of 
 M. incognita, R. reniformis, 
T. brassicae, H. indicus  and 
 T. fi liformis  

 Siddiqui and Alam 
( 1988a ,  b ) 

  Tagetes minuta  Linn. 
(Asteraceae): Stinking Roger 

 Oil extracted from its 
leaves 

 Toxicity to nematodes 
of agric importance 

 Mukherjee ( 1983 ) 

 Root exudates  Toxicity to  H. indicus   Siddiqui and Alam ( 1988b ) 
  Tagetes patula  Linn. 
(Asteraceae): French marigold 

 Alcoholic root extract  Toxicity to  M. incognita   Morallo-Rajessus 
and Eroles ( 1978 ) 

 Root exudates  Toxicity to  H. indicus   Siddiqui and Alam ( 1988b ) 
 Aqueous leaf extract  Toxicity to 

 Radopholus similis  
 Subramaniyan and 
Selvaraj ( 1988 ) 

  Tagetes tenuifolia  Cav. 
(Asteraceae): striped marigold 

 Aqueous root extract  Toxicity to nematodes 
of agric importance 

 Mukherjee ( 1983 ) 

 Root exudates  Toxicity to  H. indicus   Siddiqui and Alam ( 1988b ) 
  Tamarindus indica  Linn. 
(Caesalpiniaceae): Tamarind 

 Leaf extract in water 
admixed with soil 
in pots 

 Inhibited larval hatching of 
 M. incognita  in vegetables 

 Hussain and 
Masood ( 1975 ) 

 Leaf extract (1:10 
dilution) in soil 

 Reduced root galling by 
 M. incognita  in tobacco 

 Krishnamurthy and 
Murthy ( 1990 ) 

  Thuja orientalis  Linn. 
(Cupressaceae): Oriental 
arborvitae 

 Aqueous leaf extract  Toxicity to  M. incognita  in 
vegetable crops 

 Jain et al. ( 1986 ) 

  Tithonia diversifolia  A. Grar 
(Asteraceae): Wild sunfl ower 

 Flower extract 
in water 

 Toxicity to root-knot 
nematode,  M. incognita  

 Tiyagi et al. ( 1985 ) 

  Trichosanthes anguina  Linn. 
(Cucurbitaceae): Snake gourd 

 Seed extract in water 
admixed with soil 

 Toxicity to  M. incognita  in 
potted vegetable crops 

 Mahmood et al. ( 1979 ) 

     Trachyspermum ammi  
(Apiaceae): Ajwain 

 Essential oils  Nematicidal activities against 
the pinewood nematode, 
 Bursaphelenchus xylophilus  

 Park et al. ( 2007 ) 

  Typhonium trilobatum  (Linn.) 
Schott. (Araceae) 

 Green plant extract in 
water 

 Reduced incidences of 
 M. incognita  in eggplant 

 Mukhopadhyaya and 
Chattopadhayaya ( 1979 ) 

 Corn powder admixed 
with soil 

 Reduced populations of 
 M. incognita  

 Chattopadhaya and 
Mukhopadhaya ( 1989a ,  b ) 

  Vernonia anthelmintica  Willd. 
(Compositae): Purple fl eabane 

 Leaf and root extracts 
in water 

 Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee ( 1983 ) 
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Table 6.1 (continued)

 Generic name/common name  Plant part/formulation  Nematicidal activity  Reference 

  Vinca rosea  Linn. 
(Apocynaceae): Old maid 

 Whole plant extract 
in water 

 Toxicity to  M. incognita  
and  M. javanica  

 Mukherjee ( 1983 ) 

 Chopped leaves 
admixed with infested 
soil 

 Reduced root galling by 
 M. incognita  in papaya 

 Reddy and Khan ( 1990 ) 

  Withania somnifera  (Linn.) 
Dunal. (Solanaceae): 
Ashwagandha, Indian ginseng 

 Aqueous root and 
shoot extracts 

 Toxicity to  T. brassicae, 
H. indicus  and  R. reniformis  

  

  Xanthium strumarium  Linn. 
(Asteraceae): Clotbur 

 Aqueous leaf extract  Toxicity to  M. incognita   Nandal and Bhatti ( 1983 ), 
Bano et al. ( 1986 ) 

 Essential oil extracted 
from seed 

 Toxicity to 3rd instar 
juvenile of  M. incognita  

 Ghosh and Sukul ( 1992 ) 

  Zinnia elegans  Jacq. 
(Asteraceae): Youth 
and old age 

 Whole plant extract 
in water 

 Toxicity to juveniles 
and adult of  M. incognita  
and also inhibited hatching 
of its larvae 

 Bano et al. ( 1986 ) 

 Neem leaves amended in the soil also reduced 
the incidences of  M. javanica  in chickpea (Singh 
and Sitaramaiah  1967 ; Kaliram and Gupta  1980 , 
 1982 ; Gupta and Kaliran  1981 ) and  M. incognita  
in papaya (Reddy and Khan  1990 ) and also 
reduced the nematode populations and enhanced 
average bunch weight in plant (Jacob et al.  1990 ). 
Saxena et al. ( 1993 ) found neem leaf aqueous 
extract to show mortality to  Criconemoides annu-
latum  and  Xiphinema      basiri  when tested under 
laboratory conditions. Neem leaves mixed at 20 g/
kg in soil showed 85 % increase in the yield of 
wheat over control when tested against cyst nema-
tode,  Heterodera avenae  (Singh et al.  1995 ). 
Similarly chopped neem leaves admixed with the 
soil in the plant pit at 1,500 g/m 2  area of the 
pointed gourd under fi eld conditions against  M. 
incognita, H. indicus, T. vulgaris  and  H. dihystera  
showed signifi cant reduction in the populations of 
these nematodes in the roots (Verma and Anwar 
 1995 ).  

4.2     Neem Root and Kernel 
as Nematicide 

 Root exudates of 1-month-old neem seedlings 
were toxic to adults of  Helicotylenchus indicus, 
R. reniformis, T. brassicae  and  Tylenchus 
 fi liformis  and larvae of  M. incognita  (Alam et al. 

 1975 ). Hasan ( 1992 ) found neem root exudates to 
reduce root galling by  M. incognita.  Proct and 
Kornprobst ( 1983 ) found that the pretreatment of 
tomato seedlings with the neem seed extract 
inhibits the penetration of nematode,  M. javan-
ica,  juveniles to its roots. Neem oil fraction in 
hexane was also found to be toxic to  M. incognita  
(Devakumar et al.  1985 ). Dried neem seed kernel 
powder applied to wheat seeds with gum at 
800 mg/100 g seeds successfully inhibited the 
penetration and development of wheat gall 
 nematode,  Anguina tritici , in the seedlings 
(Gokte and Swarup  1985 ). Mishra and    Mojumder 
( 1993 ) found decomposed neem kernel to reduce 
populations of  M. incognita  when amended in the 
soil at 10 %w/w. Mojumder and Mishra ( 1995 ) 
reported 20 % w/w neem kernel powder coated 
on chickpea seed to effectively reduce the 
 population of  M. incognita  and  R. reniformis  and 
enhance grain yield.  

4.3     Neem Oil Cake as Nematicide 

 Aqueous extract of neem oil cake inhibited larval 
emergence of  M. incognita  (Khan et al.  1967 ). 
Singh and Sitaramaiah ( 1969 ) reported neem oil 
cake incorporated in infested soil in fi eld plots 
before planting of tomato and okra to reduce 
 incidences and populations of the root-knot 
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 nematodes. Mobin and Khan ( 1969 ) found 
 suppressed populations of  Tylenchorynchus  sp., 
 Hoplolaimus  sp.,  Helicotylenchus  sp.,  R. renifor-
mis  and  M. incognita  around roots of eggplant, 
guava and citrus plants when oil cake was applied 
in the soil. Amendment of oil cake in the soil 
1 month before sowing of wheat also reduced 
 parasitic nematode populations (Gour and Prasad 
 1970 ). Further, oil cake amended in the soil reduced 
the populations of  M. incognita  and  M. javanica  
and also root galls in okra, tomato and other 
 vegetables (Singh and Sitaramaiah  1971 ; Sharma 
et al.  1971 ; Gowda  1972 ; Desai et al.  1973 ; Khan 
et al.  1973 ; Mishra and Prasad  1973 ). However, 
neem oil cake infl uenced and modifi ed the relation-
ship between plant and nematode and the aqueous 
extract of oil cake showed toxicity to  M. incognita  
and  M. javanica  (Mishra and Prasad  1973 ). 

 Water-soluble fractions of the oil cake were 
toxic to  H. indicus, R. reniformis, T. brassicae  and 
 M. incognita  (Khan et al.  1973 ; Singh  1980 ). 
Alam and    Khan ( 1974 ) found its oil cake reducing 
populations of  H. indicus, T. brassicae, 
M.  incognita, Ditylenchus cypei  and  Aphelenchus 
avenae , when incorporated in soil at 110 kg N/ha. 
Neem oil cake applied at 1 g/49 g soil reported 
reduction in the nematodes fauna and suggested 
librated ammonia to be detrimental to these nema-
todes (Khan et al.  1974 ).    Azam and Khan ( 1976 ) 
found that oil cake applied at 100 Kg N/ha soil 
promotes plant growth and reduces root-knot pop-
ulations alone or in combination with nemagon. 
Khan et al. ( 1976 ) and Siddiqui ( 1976 ) reported 
suppressed populations of the nematodes, namely, 
 T. brassicae, H. indicus, H. erythrinae  and 
 M. incognita,  in rhizosphere of vegetable plants 
amended with its oil cake in soil. Singh and 
Sitaramaiah ( 1976 ) found its oil cake to reduce 
populations of  M. incognita  and  M. javanica  in 
tomato, when applied as organic manure. 

 Water extract of its oil cake amended in soil 
inhibited oviposition and hatching of  M. incog-
nita, H. indicus  and  A. avenae  (Sitaramaiah and 
Singh  1977 ). Khan ( 1979 ) and Vijayalakshmi 
and Goswami ( 1983 ) reported inhibition in larval 
hatching of  M. incognita  when water extract of 
its oil cake was tested in controlled conditions. 
Neem oil cake amended in the soil reduced 

 incidences of  M. incognita  in mung bean 
(Vijayalakshmi and Prasad  1979 ), in tomato 
(Desai et al.  1979 ) and in betelvine (Acharya and 
Padhi  1988 ; Jagadale et al.  1985a ,  b ) and in mul-
berry (Sikdar et al.  1986 ) and populations of 
 M. incognita  and  M. javanica  in tomato and okra 
(Srivastava  1971 ; Routray and Sahoo  1985 ; 
Shukla and Banker  1985 ; Goswami and 
Vijayalakshmi  1987 ; Gupta and Bhattacharya 
 1995 ) and also decreased the  population of  T. 
elegans  when applied at 1 % w/w (Sitaramaiah 
and Singh  1977 ). Neem oil cake extract in hot 
water and methyl alcohol also reduced the popu-
lations of  M. incognita  in a  laboratory test 
(Sharma et al.  1985 ). 

 Cowpea seeds treated with cake extract 
reduced incidences of  M. incognita  and 
 R.  reniformis  after sowing (Khan and Hussain 
 1988a ,  b ). Neem oil cake amended in infested 
soil at 1 g/kg reduced root galling by  M.  incognita  
in potted tulasi (Haseeb et al.  1988 ). Similarly, 
neem cake at 1.7 t/ha controlled population of 
 Helicotylenchus  sp.,  Hoplolaimus indicus, 
R. reniformis  and  Hemicriconemoides  sp. in soil 
(Gaur and Mishra  1989 ). Reddy and Khan ( 1990 ) 
found that oil cake amended in soil at 1 t/ha 
reduces incidences of root galls in okra by 
 M. incognita . Prasad and Khan ( 1990 ) reported 
that oil cake amended in soil alone or in combi-
nation with aldicarb eliminates the populations of 
 H. indicus, H. elegans, Pratylenchus zeae  and 
 T. vulgaris  in soybean. Post-pruning top dressing 
of neem cake at 1–2 Kg/vine to  Vitis  sp. crop was 
effective in suppressing the populations of 
 M. incognita  (Jayaraj  1991 ). Haseeb and Butool 
( 1991 ) also reported that neem oil cake 
 amendment in soil at 1 g/kg soil suppresses 
 M. incognita  in roots of Davana,  Artemisia 
 pollens . Hasan ( 1992 ) found neem cake reduces 
root galling by  M. incognita.  

    Amendment of powdered neem cake in soil at 
400 g/m 2  prevented root-knot nematode inci-
dences in tobacco nurseries (Hussaini et al.  1993 ) 
and oil cake incorporated in soil showed toxicity 
to  M. incognita  and  R. reniformis  in mung bean 
(   Tiyagi and Alam  1993 ). Neem cake amended 
at 1 g/kg soil reduced root-knot index 
of  M.  incognita  on  Trachyspermum ammi . 
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   Application of Neem cake at 100 kg N/ha in pots 
signifi cantly reduced the populations of  M. 
incognita, R. reniformis  and  P. delattrei  in brinjal 
(Poornima and Vodivelu  1993 ). In Japanese mint 
cultivation, population of  M. incognita  was effec-
tively reduced when neem cake was admixed 
with soil at 20 % w/w alone (Pandey  1995 ) and in 
combination with carbofuran (Singh and Singh 
1995).   

5     Active Components 
of the Botanicals Having 
Nematicidal Activity 

    Two triterpenoid saponins, acaciaside A and B 
isolated from funicles of  Acacia auriculiformis  
killed about 63 % juveniles of  M. incognita in 
cowpea , when soil drenched (10 mg/ml) as well 
as foliar sprayed at 4 mg/ml concentration. 
These also reduced root galling and nematode 
populations in roots of cowpea (Roy et al. 
 1993 ). Nath et al. ( 1982 ) isolated and identifi ed 
active component as diallyl disulphide from the 
bulb of garlic,  Allium sativum , which showed 
toxicity to nematodes. Asparagusic acid, an 
active component isolated from  Asparagus 
offi cinalis  root extract, found to be toxic to 
 H. rostochiensis, M. halpa, P. penetrans  and  
P. curvitatus  (Das  1983 ). 

 Isolated from neem extracts, two active 
 components, namely, nimbidin and thionimone, 
showed toxicity to adults of  H. indicus, 
R.  reniformis, T. brassicae  and  M. incognita  and 
also inhibited the growth of their larvae (Khan 
et al.  1973 ). Khan et al. ( 1974 ) found ammonia 
librated through decomposition of neem oil cake 
in the soil as toxic to the nematodes. Alam et al. 
( 1976 ) reported formaldehyde in the oil cake 
manure as a chemical responsible for killing the 
nematodes. However, considerable amount of 
phenol was detected from neem oil cake in the 
soil as toxicant to nematodes (Alam et al.  1979 ). 
Limonoids extracted from neem kernels were 
also reported to inhibit the hatching and showed 
high larval mortality to  M. incognita  (Devakumar 
et al.  1985 ). Rao and Reddy ( 1993 ) reported 
repelin and welgro at 2.5 and 5 % to signifi cantly 

reduce populations of  M. incognita  in tomato 
nursery, when drenched with their solutions. 
Neem allelochemicals like  azadirachtin, nim-
bidic acid and quercetin were also found to show 
nematicidal activity when tested against 
 M. incognita, R. reniformis, H.  indicus  and 
 T. brassicae  under controlled  conditions 
(Siddiqui and Alam  1993 ). 

 Khan et al. ( 1974 ) reported ammonia  liberated 
from oil cake of  Brassica campestris  as active 
component to show toxicity to  T. brassicae, 
M. incognita, H. indicus  and  A. avenae . Phenolic 
contents in mustard oil cake also showed toxicity 
to soil inhabiting nematodes (Alam et al.  1977 , 
 1979 ). Allyl isothiocyanates as main compo-
nents isolated from black mustard seed oil 
showed  toxicity to  Heterodera rostochiensis  in 
potato (Ellenby  1945a ,  b ). Two isomeric polya-
cetylene compounds isolated from the root and 
fl ower extracts of  Carthamus tinctorius  were 
found to be) toxic to  Aphelenchoides besseyi  
(Shigefumi et al.  1976 ). From the root extracts of 
 Daphne odora , two nematicidal  components as 
diterpenes having an ortho-ester group named 
odoracin and odoratrin have been isolated and 
tested to be toxic to the nematodes (Munakata 
 1978 ). 

 The alkaloids, namely, atropine, nicotine and 
scopolamine, isolated from leaf, bulb and root 
extracts of  Datura stramonium  showed toxicity 
to  T. semipenetrans  and  A. tritici  (Winoto  1969 ; 
Kumari et al.  1986 ). The whole plant extract of 
 Eclipta alba  was found to show nematicidal 
activity (Prasad and Rao  1979 ). From the methanolic 
extract of  Helenium  (hybrid) sp., two nematicidal 
active components, i.e. 1-tridecanene-3,5,7,9,11- 
pentayne and  2-3-dihydro-2-hydroxy-3-methyl 
-one- 6-methyl benzofuran, were isolated and 
found to show toxicity to  Pratylenchus penetrans  
(Gommeres  1971 ). From the leaves of  Lawsonia 
inermis , active components, i.e. palmitic, linoleic 
and oleic acids, were isolated and found to show 
toxicity to larvae of  T. penetrans  (Badami and Patil 
 1975 ).    Alam et al. ( 1976 ,  1979 ) reported two nemati-
cidal components, formaldehyde and phenol from 
 Ricinus communis . From the root extract of  Tagetes 
erecta , two active components, namely, alpha-
terthienyl and 5-(e-butens- 1-ynyl)-2,2’-bithienyl, 
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were isolated and reported to be toxic to  H. rosto-
chiensis  and  P. penetrans  (Uhlenbrock and Bijoo 
 1959a ). Similarly, chemicals like thiophene and 
alpha-terthienyl derivatives isolated from leaf 
and stem extracts of  Tagetes patula  are found to 
show toxicity to  T. semipenetrans  and  A. tritic i 
(Uhlenbrock and Bijoo  1959b ; Winoto  1969 ; 
Kumari et al.  1986 ).  

6     Acaricidal and Mite Growth 
Regulating Activities 
in Botanicals 

 A number of higher plants possessing miticidal 
and other biological activities against plant mites 
have been given in Table  6.2 . Results reviewed on 
botanicals and their active formulations revealed 
that biological activities of the test products 

 varied with the dose and also with host plants 
which is briefed in Table  6.2 . Patel et al. ( 1993 ) 
evaluated neem-based formulations against 
 spider mites,  Tetranychus macfarlanei  and 
 Tetranychus cinnabarinus , and found that repelin 
1 %, margocide CK 1 %, margocide OK 0.8 % 
and neemark 0.5 % were effective against  T. cin-
nabarinus  infesting brinjal crops and Indian bean 
but failed to kill  T. macfarlanei     infestation in 
okra. However, their effectiveness varied with 
different plant hosts (Table  6.3 ).

7         Conclusion 

 Botanical origin pesticides have potential to 
control plant nematodes and mites. Botanical 
pesticides have been extensively used before 
onset of the synthetic chemical pesticides in 

    Table 6.2    Biological activities of botanicals against plant mites   

 Generic name of plant  Plant part and its formulation  Miticidal activity  Reference 

  Ajuga remota  Linn. 
(Lamiaceae) 

 Juice and rude extract of the 
leaves 

 Toxicity to spider mite,  T. urticae   Schauer and 
Schmutterer ( 1981 ) 

  Ailanthus altissima  
L. (leaves) 
(Simaroubaceae) 

 Leaf extract  Caused mortality of two-spotted 
spider mite ( T. urticae  Koch) and 
also reduced reproductive potential 
and deterred from feeding on suitable 
host plants 

 Chermenskaya 
et al. ( 2010 ) 

  Aloysia triphylla  Ort. 
and Palau (Verbenaceae) 

 Oils of its seed and leaf  Toxicity to red spider mite, 
 T. telarius  

 Jacobson ( 1975 ) 

  Allium sativum  Linn. 
(Liliaceae) 

 Acetone extract of the 
bulb with deltamethrin 

 Increased miticidal activity to 
 T. urticae  

 Barkat et al. 
( 1986b ) 

  Aloe vera  L. 
(Liliaceae) 

 Leaf extract  Acaricidal activity against female 
adults of carmine spider mite 
( T. cinnabarinus ) (Boisduval) 

 Wei et al. ( 2011 ) 

  Artemisia  sp. 
(Asteraceae) 

 Worm wood powder  Reduced the attack of  Acarapis 
woodi  to bee colonies 

 Abu-Zaid and 
Salem ( 1988 ) 

  Artemisia annua  
(Asteraceae) 

 Leaf acetone extract  Contact action activity 
against carmine spider mite 
( T. cinnabarinus  Boisduval) 

 Zhang et al. ( 2008 ) 

  Artemisia saissanica  
(Asteraceae) 

 Chloroform extracts of 
leaves, buds and twigs 

 Repellency to  T. urticae   Adekenov et al. 
( 1990 ) 

  Anabasis aphylla  Linn. 
(Chenopodiaceae) 

 Aqueous leaf extract  Toxicity of mites in general   

  Azadirachta indica  
A. Juss (Meliaceae) 

 Kernel extract  Repellency to carmine spider mite, 
 T. cinnabarinus  

 Mansour and 
Ascher ( 1983 ) 

  Azadirachta indica  
A. Juss (Meliaceae) 

 Kernel extract in acetone, 
methanol and ethanol 

 Repellency to carmine spider mite, 
 T. cinnabarinus  

 Mansour et al. ( 1987 ) 
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Table 6.2 (continued)

 Generic name of plant  Plant part and its formulation  Miticidal activity  Reference 

  Azadirachta indica  
A. Juss (Meliaceae) 

 Leaves (1 %) and kernel 
(0.5 %) extracts 

 Controlled  T. urticae  on brinjal  Vinothkumar et al. 
( 2009 ) 

  Azadirachta indica  
A. Juss (Meliaceae) 

 Neem seed extract (NeemAzal 
T/S, 1 % of azadirachtin) 

 Controlled broad mite 
( Polyphagotarsonemus latus ) 
on chilli pepper 

 Venzon 
et al. ( 2008 ) 

  Boswellia dalzielli  
Roxb. (Burseraceae) 

 Aqueous bark extract  Toxicity to mites in general  Jacobson ( 1975 ) 

  Brassica oleracea  
var.  rapifera  Metz. 
(Brassicaceae) 

 Aqueous root extract  Toxicity to spider mite, 
 T. atlanticus  

 Jacobson ( 1975 ) 

  Cardaria draba  Desv. 
(Brassicaceae) 

 Aqueous leaf and root extract  Toxicity to mites in general  McIndoo ( 1982 ) 

  Chamaecyparis 
pisifera  (Sieb. and 
Zucc.) (Cupressaceae) 

 Aqueous leaf and root extract  Regulated the growth of  
T. pisifera  

 Ahn et al. ( 1984 ) 

  Chrysanthemum  
spp. (Asteraceae) 

 Flower head aqueous extract  Toxicity to red spider mite, 
 T. telarius  

 Markkula 
et al. ( 1969 ) 

  Citrullus colocynthis  
(Linn.) Kuntze 
(Cucurbitaceae) 

 Aqueous leaf and fruit extract  Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

  Consolida regalis  Gilib. 
(Ranunculaceae) 

 Aqueous root, leaf and stem 
extracts 

 Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

  Convolvulus 
krauseanus  Regel 
and Schmalh. 
(Convolvulaceae) 

 Root extract  Caused mortality of two-spotted 
spider mite ( T. urticae  Koch) and 
also reduced reproductive potential 
and deterred from feeding on 
suitable host plants 

 Chermenskaya 
et al. ( 2010 ) 

  Coriandrum sativum  
Linn. (Umbelliferae) 

 Oil emulsion (2 %) spray  Toxicity to spider mites  Feinstein ( 1952 ) 

     Croton bonplandianum  
Roxb. (Euphorbiaceae) 

 Aqueous leaf extract  Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

     Curcuma longa  Linn. 
(Zingiberaceae) 

 Turmeric powder extract in 
water 

 Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

  Cymbopogon citratus  
(D.C.) Stapf. (Poaceae) 

 Aqueous leaf extract  Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

  Cynodon dactylon  
(Linn.) Pers. (Poaceae) 

 Aqueous leaf extract  Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

  Daphne odora  B. Don. 
(Thymelaeaceae) 

 Root and bark extracts  Toxicity to  T. urticae   Inamori et al. ( 1987 ) 

  Delphinium 
staphisagria  Linn. 
(Ranunculaceae) 

 Aqueous, leaf and 
seed extracts 

 Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

  Hyptis suaveolens  
(Linn.) Poit. (Labiaceae) 

 Aqueous leaf extract     Toxicity to  T. neocaledonicus   Roy and Pande 
( 1991 ) 

  Lepidium ruderale  
Linn. (Brassicaceae) 

 Aqueous leaf extract  Toxicity to plant mites in general  McIndoo ( 1982 ) 

  Leucas cephalotes  
(Roth.) Spreng. 
(Lamiaceae) 

 Aqueous leaf extract  Toxicity to spider mites  McIndoo ( 1982 ) 

  Lippia sidoides  Cham. 
(Verbenaceae) 

 Essential oil extract 
from leaves 

 Exhibited potent acaricidal 
activity against two-spotted 
spider mite ( T. urticae  Koch) 

 Cavalcanti et al. 
( 2010 ) 
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agriculture and are still important to manage 
plant nematodes in many vegetable and food 
grain crops especially for organic farming 
where use of synthetic pesticides is being 
avoided as these are hazardous to human health. 
A number of plant products were found effec-
tive against the plant nematodes and mites, 
especially the higher plants, which have been 
arranged in alphabetical order in tabular form in 
this book chapter. A number of the active prin-
ciples have also been isolated and identifi ed 
from the effective botanical formulations have 
been scanned and their toxicity is described 
against both the plant nematodes and mites. 
Botanical nematicides and miticides have 
potential to manage the nematode and mite 
pests, respectively, and most effectively in small 

farming systems and kitchen gardens, etc., if 
applied correctly using their right formulations 
and doses. Of course, for pest management in 
the large areas availability of large quantities of 
these products is a limitation.    Soil amendments 
with oil cakes or green leaves, intercropping 
with biopesticidal plants are some of the useful 
strategies for the management of the plant 
 nematodes. For management of plant mites, no 
doubt, botanical pesticides have been reported 
to show toxicity to a number of phytophagous 
mites, but yet use of the botanicals for the 
 management of plant mites is not popularized. 
Therefore, there is a need to explore more effec-
tive botanical miticides, their formulations and 
application methods.     

Table 6.2 (continued)

 Generic name of plant  Plant part and its formulation  Miticidal activity  Reference 

  Melia azedarach  Linn. 
(Meliaceae) 

 Oil and aqueous seed extracts  Toxicity to citrus red spider mite, 
 Panonychus citri  

 Chiu ( 1982 ) 

  Melia toosendan  
Linn. (Meliaceae) 

 Oil and aqueous seed extracts  Toxicity to mites in general  Chiu ( 1982 ,  1989 ) 

  Micromeria fruticosa  
L (Lamiaceae) 

 Essential oil vapour  Toxic effect on  T. urticae  Koch  Calmasur 
et al. ( 2006 ) 

  Nepeta racemosa  
L. (Lamiaceae) 

 Essential oil vapour  Toxic effect on  T. urticae  Koch  Calmasur 
et al. ( 2006 ) 

  Nicotiana tabacum  
Linn. (Solanaceae) 

 Leaf and whole plant extracts  Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

  Ocimum basilicum  
Linn. (Lamiaceae) 

 Aqueous leaf extract  Toxicity to red spider mite, 
 T. telarius  

 McIndoo ( 1982 ) 

 Oregano ( Origanum 
onites  L.) and thyme 
( Thymbra spicata  
L. subsp. spicata) 

 Essential oils  Acaricidal activity against 
carmine mite ( T. cinnabarinus  
Boisd.) adults 

 Sertkaya 
et al. ( 2010 ) 

  Origanum vulgare  
L. (Lamiaceae) 

 Essential oil vapour  Toxic effect on  T. urticae  Koch  Calmasur 
et al. ( 2006 ) 

  Piper nigrum  
Linn. (Piperaceae) 

 Seed extracts in acetone and 
diethyl ether 

 Toxicity to adults of  T. urticae   Barakat 
et al. ( 1986a ) 

  Prangos pabularia  
Hybrid (Celasteraceae) 

 Aqueous whole plant extract  Toxicity to mites in general  Jacobson ( 1958 ) 

  Syzygium cumini  
(Pomposia) 

 Fruit extract on ethanol  Acaricidal activity against  
T. urticae  

 Abd et al.  2011  

  Trichilia cuneata  
P.Br. (Meliaceae) 

 Aqueous leaf and 
fruit extracts 

 Toxicity to mites in general  McIndoo ( 1982 ) 

  Trichilia trifolia  
P.Br. (Meliaceae) 

 Ethanolic seed extract and 
its fractions 

 Toxicity to rice mite,  Caloglyphus 
berlesei  

 Rao and Prakash 
( 1995 ) 

  Trigonella foenum-
graecum  (Papilionaceae) 

 Diethyl ether extract of its 
seed with deltamethrin 

 Toxicity to adults of  T. urticae   Barakat 
et al. ( 1986b ) 
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   Table 6.3    Active components isolated from the plants and its formulations showing toxicity to plant mites   

 Active component  Source (plant/plant parts)  Biological activity  Reference 

 6-Methoxy analogue of 
pisiferic acid 

  Chamaecyparis pisifera /
root and leaf extracts 

 Inhibited the feeding of 
adults and hatching of 
eggs of  T. urticae  

 Ahn et al. ( 1984 ) 

 Daphnodorous A, B, C: 
three fl avones 

  Daphne odora : root 
and bark 

 Toxicity to  T. urticae   Inamori 
et al. ( 1987 ) 

    Asimicin  Ethanol extract of  
Daphne odora  

 Toxicity to  T. urticae   Alkofahi 
et al. ( 1989 ) 

 Clerodane terpenes, isomers 
of ajugarins 

  Ajuga remota  leaf extract  Toxicity to  T. urticae   Jacobson ( 1989 ) 

 Alkaloids   Abrus precatorius , leaf 
extract 

 Repellency to adults of 
 T. urticae  and also reduced 
its life span and oviposition 

  

 Repelin, having azadirachtin: 
a neem-based formulation 

  Azadirachta indica,  
kernel powder 

 Toxicity to phytophagous 
mite,  Tetranychus 
cinnabarinus  

 Mansour et al. ( 1993 ) 

 Neem-based formulation: 
neemark 0.5 % and 
margocide OK 0.8 % both 
having azadirachtin 

  Azadirachta indica,  
kernel powder 

 Toxicity to  Tetranychus 
cinnabarinus  infesting 
brinjal and Indian bean 

 Patel et al. ( 1993 ) 

 Plumbagin 
(5-hydroxy-2-methyl-1,4- 
naphthoquinone) 

  Diospyros kaki  roots  Toxicity to  Tetranychus 
urticae  

 Akhtara et al. ( 2012 ) 

 Monoterpenes (thymol and 
carvacrol) 

 Essential oil of  Lippia 
sidoides  Cham. 

 Exhibited potent 
acaricidal activity against 
two-spotted spider mite 
( T. urticae  Koch) 

 Cavalcanti et al. 
( 2010 ) 
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    Abstract  

  The indiscriminate use of chemical fungicides led to pesticide residues in 
food products, risk of development of new pathotypes and  pollution of soil 
and water ecosystem. This resulted in several ill effects on human beings, 
fl ora and fauna. To overcome the ill effects of chemical pesticides, attention 
had been paid to explore into products of higher plants for developing novel 
biopesticides in plant  disease management. Our ancestors had been using 
these botanicals for the management of plant diseases, before the era of 
conventional  fungicides. But the popularity of pesticides of plant origin has 
again been increasing due to its potential fungicidal action against several 
plant pathogens without any deleterious effect to the crop plants as well as 
environment. Several plants have been identifi ed for  antimicrobial  properties 
which can suppress the growth and  multiplication of plant  pathogens, reduc-
tion in storage decay and spoilage of food products. The potential plant 
 origin pesticides, viz. neem ( Azadirachta indica ), garlic bulb ( Allium 
 sativum ),  eucalyptus ( Eucalyptus globulus ), turmeric ( Curcuma longa ), 
tobacco ( Nicotiana  tabacum ), ginger ( Zingiber offi cinale ), etc., have been 
successfully used for the  management of several plant diseases. Moreover, 
seed  treatment + foliar spray of freshly prepared  garlic bulb extract has 
resulted into the  reduction of  Alternaria  blight (35.6 %), white rust (50.4 %), 
powdery  mildew (67.7 %) and  Sclerotinia  rot (80.3 %) in mustard with 
27.3 % increase in yield over untreated control. These pesticides can  suitably 
fi t in any integrated pest management framework as well as in organic 
 farming  system which is a necessity in the  current  situation. Keeping in view 
the  ever-increasing demand for safe food,  pesticides of plant  origin have a 
pivotal role to play in the  management of plant diseases in comparison to the 
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1         Introduction 

    Indiscriminate use of chemical pesticides leads 
to pesticide residues in food as well as in soil 
and water ecosystem that has encouraged 
researchers to look for appropriate alternatives. 
This has also led to the development of resistant 
strains of plant pathogens as well as different 
environmental and human health hazards. 
Recently, plant origin  pesticides have got more 
impetus towards the development of novel 
 chemotherapeutants in plant protection. 
Because of non-phytotoxicity, systemic in 
nature to some extent, easy  biodegradability 
and stimulatory nature of host metabolism, 
plant products possess the potential in pest 
management. These botanical products were 
used widely before the 1950s. These  products 
were displaced by modern synthetic pesticides 
in view of cheaper, easier and  long-lasting 
properties during that period. The popularity of 
botanical pesticides is gaining importance, and 
some plant products are being used globally as 
green pesticides. However, only a handful of 
botanicals are currently used in  agriculture. 
Pyrethroids and neem products are well 
 established as commercial botanical  pesticides, 
and recently some essential oils of higher plants 
have also been used as  antimicrobials against 
storage diseases because of their  relatively safe 
and wide acceptance by the consumers. The 
secondary metabolites of plants like phenols, 

phenolic acids, quinones, fl avones, fl avonoids, 
fl avonols, tannins, coumarins, etc., can be used 
for the management of several plant pathogens. 
The allicin, a volatile antimicrobial substance, 
obtained from freshly prepared garlic bulb 
extract, effectively controlled  Sclerotinia  stem 
rot,  Alternaria  leaf blight, club root and white 
rust diseases of mustard (Meena et al.  2013 ), 
and  Alternaria  blight of sunfl ower (Chat-
topadhyay  1999 ) and saffl ower (Chattopadhyay 
 2001 ). Allicin was also found effective against 
 seed-borne  Alternaria  sp. in  carrot,  Phy-
tophthora  leaf blight in tomato, tuber blight in 
potato, rice blast pathogen, downy  mildew of 
 Arabidopsis thaliana  (Slusarenko et al.  2008 ) 
and  Sclerotinia  rot of mustard (Chattopadhyay 
et al.  2004 ). Similarly, the oil extracted from 
lemongrass was found effective against post-
harvest anthracnose of mango fruit (Salomone 
et al.  2008 ); the extracts from  Bougainvillea 
spectabilis  and  Prosopis chilensis  seem to be 
antiviral protein which reduced the sunfl ower 
necrosis virus infection in cowpea and sun-
fl ower (   Lavanya et al.  2009 ). 

 The use of chemical fungicides is considered 
as the most effective method of plant disease 
management and often practised worldwide. 
However, repeated use of certain chemical fungi-
cides has led to the appearance of  fungicide- resistant 
pathotypes of several  pathogens. In recent years, 
there has been  considerable  pressure by consum-
ers to reduce or eliminate chemical fungicides in 

conventional chemical pesticides. These pesticides are not only useful to the 
developing countries due to their easy availability, being relatively cheap, 
easy sustenance in any crop protection programme and having direct 
 relevance to the developed countries for healthy and quality produce of 
foodstuffs.  

  Keywords  

  Plant products   •   Pesticides   •   Plant disease management   • 
  Chemotherapeutants  
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food products. Further, the use of chemical 
 fungicides for the management of plant diseases 
has its limitations due to their carcinogenic, 
 teratogenic properties, high and acute residual 
toxicity, hormonal  imbalance, slow and long 
 degradation period, environmental pollution and 
deterioration of food quality and adverse effects 
on human health (Brent and Hollomon  1998 ; 
Dubey et al.  2007 ; Kumar et al.  2007 ). The use of 
synthetic  chemicals as antimicrobials for the 
management of plant pathogens has undoubtedly 
increased but with some deterioration of environ-
mental quality and human health (Cutler and 
Cutler  1999 ). Their uninterrupted and indiscrimi-
nate use has not only led to the development of 
resistant strains, but the accumulation of toxic 
residues on food grains used for human con-
sumption has also led to health problems (Sharma 
and Meshram  2006 ). 

1.1     Plant Origin Pesticides 
as Alternatives 

 Concerns related to chemical pesticides have 
encouraged researchers to look for alternative 
solutions to synthetic pesticides. Food safety is 
receiving increased attention worldwide as the 
important link between food and health is being 
increasingly recognized. Improving food safety 
is an essential element of  improving food  security 
which exists when populations have access to 
suffi cient and healthy food. Numerous studies 
have documented the antifungal (Suhr and 
Nielsen  2003 ; Mishra and Dubey  1994 ; Elgayyar 
et al.  2001 ) and antibacterial (Canillac and 
Mourey  2001 ) effect of essential oils from plant. 
The examination of indigenous local herbs and 
plant materials has also been reported from 
 different parts of the world, viz. India (Ahmad 
and Beg  2001 ), Australia (Cox et al.  1998 ), 
Argentina (Penna et al.  2001 ) and Finland (Rauha 
et al.  2000 ). Higher plants contain essential oils 
and a wide spectrum of secondary metabolites 
such as phenols, fl avonoids, quinones, tannins, 

alkaloids, saponins and sterols. Such  plant-derived 
 chemicals may be exploited for their different 
biological properties. Because of their natural/
plant origin, they are biodegradable and do not 
usually leave toxic residues or by-products.   

2     Commonly Used 
Plants as Pesticides 
of Botanical Origin 

2.1     Plant Extracts 

 Neem ( Azadirachta indica  A. Juss), garlic 
( Allium sativum  Linn.), eucalyptus ( Eucalyptus 
globulus  Labill.), turmeric ( Curcuma longa  
Linn.), tobacco ( Nicotiana tabacum  Linn.) and 
ginger ( Zingiber offi cinale  Rosc.). 

 Plants and/or their parts are collected  randomly 
from their habitat areas. Fresh or dried plant 
materials can be used as a source for the  extraction 
of secondary plant metabolites. Several 
 researchers had reported about plant extract 
 preparation from the fresh plant tissues 
(Chattopadhyay et al.  2004 ; Yadav et al.  2012 ; 
Meena et al.  2013 ). The ethnomedicinal use of 
fresh plant materials among the traditional and 
tribal people had encouraged the researchers to 
use the pesticides of plant origin for the 
 management of plant diseases. Some plants are 
used in the dry form or as an aqueous extract. 
Plants/plant parts are usually air-dried to a 
 constant weight before extraction. Normally 
researchers had dried the plants in the oven at 
about 40 °C for 72 h (Salie et al.  1996 ). Evidently, 
most of the essential oils/fl avonoids are found 
evaporated during drying at higher temperature 
above 40 °C. The underground parts (root, tuber, 
rhizome, bulb, etc.) of a plant are more  commonly 
used than other above-ground parts for bioactive 
compounds possessing antimicrobial properties. 
The basic principle is to grind the plant material 
(dry or wet) fi ner, which increases the surface 
area for extraction, thereby increasing the rate of 
extraction.

7 Plant Disease Management: Prospects of Pesticides of Plant Origin
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2.2         Essential Oils 

 Nettle oil ( Urtica  spp.), thyme oil ( Thymus vul-
garis  Linn.), eucalyptus oil ( Eucalyptus globulus  
Labill.), rue oil ( Ruta graveolens  Linn.), lemon-
grass oil [ Cymbopogon fl exuosus  (Steud.) Wats] 
and tea tree oil ( Melaleuca alternifolia ). 

 The essential oils obtained from plant origin 
are used against postharvest pathogens. These oils 
are terpenoids and aromatic compounds acting as 
fungistatic substances. The major components of 
essential oils are carvacrol, thymol, cymene, 
 terpene, phenylpropene derivatives, eucalyptol 
and anisole.  

2.3     Gel and Latex 

2.3.1    Aloe vera  (Tourn. Ex Linn.)  
 Plant products are important sources of new agro-
chemicals for the management of plant diseases 
(Cardellina  1988 ). Biocides of plant origin are 
non-phytotoxic, systemic and easily biodegrad-
able (Mason and Mathew  1996 ). There are a num-
ber of reports on resistance-inducing activities of 
plant extracts as well as plant extract components. 
Leaf extracts of spinach and rhubarb (Doubrava 
et al.  1988 ), barley (Yokoyama et al.  1991 ), giant 
knotweed (Daayf et al.  1997 ),  Bougainvillea 
xbuttiana  (Narwal et al.  2000 ),  Azadirachta indica  
(Paul and Sharma  2002 ) and seaweed extract 
(Jayaraj et al.  2008 ) induced resistance against 
bacterial and fungal pathogens. In most of the 

reports, the induction of resistance was either 
through foliar sprays or soil drench. However, the 
seed treatment is preferred  economic option, as 
ideally a compound or inducer applied to seed 
may provide protection during germination, 
emergence and the early establishment phase of 
the crop plants (Jensen et al.  1998 ).   

3     Plant Origin Pesticides: 
Photoactivated Pesticides 

 Some plants can produce different types of 
 chemicals which can be stimulated by sunlight, 
and these photosensitive metabolites become 
toxic to plant pathogenic organisms in the 
 presence of sunlight (320–400 nm). For example, 
 UVA- mediated alpha-terthienyl has both 
 bactericidal ( Agrobacterium ,  Bacillus ,  E. coli , 
 Pseudomonas ,  Staphylococcus ) and fungicidal 
( Alternaria ,  Aspergillus ,  Candida ,  Pythium , 
 Cladosporium ,  Colletotrichum ,  Fusarium , 
 Rhizoctonia ,  Rhizopus ,  Saccharomyces , 
 Saprolegnia ) activity (Downum  1986 ).  

4     Plant Origin Pesticides: 
Antimicrobial Secondary 
Metabolites 

 Several plants have ability to synthesize aromatic 
metabolites. Some metabolites with their mecha-
nism of action are as follows:

S. Bhagat et al.



123

    1.    Flavonoids – inactivate enzymes, form  complex 
with cell wall   

   2.    Phenolic acids – bind to adhesions, form com-
plex with cell wall, inactivate enzymes   

   3.    Phenolics – membrane disruption, substrate 
deprivation   

   4.    Terpenoids, essential oils – membrane disruption   
   5.    Alkaloids – intercalate with cell wall   
   6.    Tannins – bind to proteins, inhibit enzymes, 

non-availability of substrate   
   7.    Coumarins – interaction with eukaryotic DNA   
   8.    Lectins and polypeptides – form disulphide 

bridges     
 Some of the good examples of plant diseases 

managed successfully by pesticides of plant 
 origin are presented in Table  7.1 .

5        Advantages of 
Plant Origin Pesticides 

•     Promote sustainable agriculture: It does not 
cause ill effect on the crop plants, soil health 
and environment.  

•   Reduce crop losses: Several plant diseases/
plant pathogens can be effectively managed 
by reducing disease incidence and related 
losses in the crop plants.  

•   Eco-friendly: It does not cause ecological imbal-
ance and suitably fi t in any agroecosystem.  

•   Biodegradable: It rapidly degrades under the 
exposure of sunlight.  

•   Organic farming: It suitably fi ts in the organic 
farming system as it is eco-friendly in nature.  

•   Cheaper: It is relatively cheaper than conven-
tional chemical fungicides.  

•   Integrated disease management: It can be suit-
ably incorporated in the framework of inte-
grated disease management.     

6     Limitations of 
Plant Origin Pesticides 

•     Extraction methods for plant origin pesticides 
are still not standardized.  

•   Rapid degradation, hence, the fungicidal 
effect persists for a very short period.  

•   Most studies are on in vitro effi cacy, and fi eld 
effi cacy of these pesticides is often very low 

or ineffective due to rapid degradation under 
the exposure of natural factors.  

•   Need development of novel formulations with 
enhanced bioeffi cacy and longer shelf life.  

•   Some chemical compounds are harmful to 
humans and plants, which could be identifi ed 
with proper expertise. The precursors of  possible 
harmful compounds need to be identifi ed to 
check their conversion to toxic molecules.  

•   Mostly pesticides of plant origin, efficacy 
is slow and lower compared to chemical 
pesticides.  

•   Less availability of formulations due to insta-
bility in pure compound under normal storage 
condition.     

7     Plant Disease Management 
Strategies 

 Strategies, tactics and techniques used in plant 
disease management can be grouped under one 
or more very broad principles of action. 
Differences between these principles often are 
not clear. The simplest system consists of two 
principles, prevention and therapy (treatment or 
cure). The fi rst principle (prevention) includes 
disease management tactics applied before 
 infection (i.e. the plant is protected from disease), 
and the second principle (therapy or curative 
action) functions with any measure applied after 
the plant is infected (i.e. the plant is treated for 
the disease). An example of the fi rst principle is 
the enforcement of quarantines to prevent the 
introduction of a disease agent (pathogen) into a 
region where it does not occur. 

 The second principle is illustrated by heat 
or chemical treatment of vegetative material 
such as bulbs, corms and woody cuttings to 
eliminate fungi, bacteria, nematodes or viruses 
that are established within the plant material. 
Chemotherapy is the application of chemicals 
to an infected or diseased plant that stops 
(i.e. e radicates) the infection. Although many 
attempts have been made to utilize 
 chemotherapy, few have been successful. In a 
few diseases of ornamental or other high value 
trees, chemotherapy has served required pur-
pose with the need of repetition at intervals of 
one to several years. For example, antibiotics 

7 Plant Disease Management: Prospects of Pesticides of Plant Origin
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have been infused into plants to reduce severity 
of phytoplasma diseases of palms (lethal yel-
lowing) and pears (pear decline), and fungi-
cides have been injected into elms to reduce 
severity of Dutch elm disease (caused by 
 Ophiostoma ulmi ). But in all cases, the chemo-
therapeutant must be reapplied periodically. 
There are some “systemic” fungicides such as 
the sterol biosynthesis inhibiting (SBI) and 
demethylation inhibiting (DMI) fungicides 
that diffuse into the plant tissues to some extent 
and eliminate recently established infections. 
The pesticides of plant origin may be used for 
preventive as well as curative purposes against 
plant    diseases (Table  7.2 ).

8        The Way Forward 

 The future of plant origin pesticides as alternatives 
to synthetic pesticides is bright as more people are 
using them due to the availability and accessibility 
of the raw materials and easy use of the botanicals, 
with minimum demand for  specialized application 
and equipment characteristic of synthetic pesti-
cides. Most of the research on disease management 
in both developed and developing countries is now 
centred on the use of botanicals as alternatives to 
synthetic pesticides. The World Health Organization 
has also encouraged the use of plant origin pesti-
cides because there is a prevalence of diseases 

   Table 7.2    Economic analysis of different treatments in Indian mustard   

 Treatment  Yield a  (q/ha) 
 Additional 
cost (INR) 

 Total cost 
(INR) 

 Total returns 
(INR) 

 Benefi t to 
cost ratio 

 Percent 
change in 
benefi t to cost 
ratio over 
control 

 Garlic bulb extract 1 % 
w/v (ST) 

 13.5  250  18,400  23,531  1.28  10.97 

 Apron 35 SD 6 g/kg (ST)  13.1  105  18,255  22,833  1.25  8.54 
 Carbendazim 1 g a.i. (ST)  13.1  7  18,157  22,833  1.26  9.12 
 Apron 35 SD 6 g/
kg + carbendazim 1 g 
a.i. (ST) 

 13.6  112  18,262  23,705  1.30  12.64 

  Trichoderma harzianum  
10 g/kg (ST) 

 13.2  75  18,225  23,008  1.26  9.55 

  T. harzianum  (ST) +  P. 
fl uorescens  10 ml/l (FS) 

 14.0  430  18,580  24,402  1.31  13.97 

  T. harzianum  (ST) +  T. 
harzianum  10 ml/l (FS) 

 14.4  430  18,580  25,099  1.35  17.22 

 Garlic bulb extract 
(ST) + garlic bulb extract 
(FS) 

 15.2  1,470  19,620  26,494  1.35  17.18 

 Apron 35 SD 
(ST) + Ridomil MZ 72 
WP 2 g/l (FS) 

 14.8  3,285  21,435  25,796  1.20  4.43 

 Carbendazim 
(ST) + Ridomil MZ 72 
WP 2 g/l (FS) 

 13.9  3,187  21,337  24,228  1.14  −1.47 

 Control  12.0  0  18,150  20,916  1.15  NA 

   a  The aggregated mean of the yield over all locations;  ST  seed treatment,  FS  foliar spray,  INR  Indian Rupees 
 Source: Meena et al. ( 2013 )  
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traceable to chemicals used for the management of 
plant  diseases because the consumed plant materi-
als possess high degree of residues that cause 
 carcinogenic diseases and other health issues. 
Recently, several food commodities have been 
rejected by importing countries at the point of entry 
due to the presence of traceable chemical residues, 
which has sensitized the larger part of population 
worldwide. It is also an issue with environmental-
ists concerned about the threat of global warming 
because most of the pollution accredited to cause 
global warming is traced to the pollutants produced 
and discharged in the developing  countries 
(Olufolaji  2006 ). 

 Only a handful of plant origin pesticides are 
currently used in agriculture in the industrialized 
world, and there are prospects for commercial 
development of new plant origin products. 
Accordingly, the use of green pesticides is being 
recommended globally, and the use of essential 
oils seems to be the best choice. Efforts should be 
made to scientifi cally document the pesticidal 
plants and to investigate the biocontrol effi cacy 
of plant diseases of the plant products. Field trials 
are required to assess the practical applicability 
of the botanical pesticides. Biosafety studies 
need to be conducted to ascertain their toxicity to 
humans, animals and crop plants.     
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    Abstract  

  A wide range of plant extracts have been used alternatively to chemical 
insecticides against stored product insect pest species. These substances 
could be used alone or in combination with other alternatives or synthetic 
insecticides in order to enhance their action. Botanicals can be applied 
with the same techniques that are used for the application of traditional 
contact insecticides or fumigants. Given that stored product insects exhibit 
different levels of sensitivity or tolerance to plant extracts, a wide screening 
of these substances has been carried out to widen the available tools 
against these harmful organisms with interesting results.  
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 8      The Use of Plant Extracts 
for Stored Product Protection 

           Christos     G.     Athanassiou      ,     Pathipati     Usha     Rani     , 
and     Nickolas     G.     Kavallieratos    

1         Background and Current 
Status 

 As in the case of fi eld crops, the use of botanicals 
in stored product protection has been extensively 
evaluated for the control of several insect species 
in different commodities. Almost 15 years ago, 
Weaver and Subramanyam ( 2000 ) reviewed the 
use of plant extracts and related derivatives at 
the post-harvest stages of agricultural products, 
 especially in the case of durable commodities. 
Basically, botanicals are considered as pesticides, 
which can be applied with the same techniques 
that are used for the application of traditional 
contact insecticides or fumigants. Shaaya et al. 
( 1997 ) summarize the mode of action of botanicals 
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in six mechanisms: (a) act through respiration 
like a fumigant, (b) act through contact or 
digestion as a contact or oral insecticide, (c) pre-
vent    reproduction (also causing sterilization), 
(d) have an antifeedant effect, (e) have a repul-
sive effect or alter insect behavior, and (f) have 
a combination of the modes of action that are 
mentioned above. It is true that for most of the 
botanicals that have been tested for stored pro-
duct protection, the only data available concern 
strictly effi cacy, while the mode of action for 
many of them remains unknown. Also, even in the 
case of a specifi c mode of action, botanicals vary 
remarkably in their ways that affect insects. For 
instance, several botanicals that act as contact 
insecticides have neurotoxic action, while oth-
ers act as insect growth regulators (IGRs) 
(Weaver and Subramanyam  2000 ). Prakash 
and Rao ( 1997 ) have reported a list of approx. 
160 plant species which have been tested, 
with various results, against major insects of 
durable stored products. The most studied plant 
for this purpose is the neem tree,  Azadirachta 
indica  A. Juss. (Sapindales: Meliaceae), or its 
major insecticidal component, azadirachtin 
(Athanassiou et al.  2005 ; Kavallieratos et al. 
 2007 ). Other well- studied species are  Acorus 
calamus  L. (Acorales: Acoraceae),  Allium 
 sativum  L. (Asparagales: Amaryllidaceae), 
 Arachis hypogaea  L. (Fabales: Fabaceae),  Cocos 
nucifera  L. (Arecales: Arecaceae), and  Vitex 
negundo  L. (Lamiales: Lamiaceae) (Weaver and 
Subramanyam  2000 ). In many of these plant spe-
cies, the insecticidal value is located only in some 
plant parts, while for others (i.e., neem) merely all 
plant parts have an insecticidal activity. All these 
compounds fall in the category of “alternatives to 
pesticides” in stored product  protection; neverthe-
less, very few ingredients are able to directly com-
pete with the traditional contact protectants and 
fumigants. Currently, even in the case where some 
compounds have some certain insecticidal value, 
and some of them are registered for the control of 
fi eld pests, their use in stored products is mainly 
restricted in the developing world. Apparently, 
their wider adoption is directly related with 
changes in registration and legislation policies, in 
conjunction with their thorough evaluation. 

 Since 1997 numerous studies available 
focused upon the use of plant extracts as contact 
insecticides alternatively to chemical insecticides 
against stored product insect pest species. These 
substances could be used alone or in combination 
with other alternatives or synthetic insecticides in 
order to enhance their action. Given that stored 
product insects exhibit different levels of sensiti-
vity or tolerance to plant extracts, a wide screening 
of these substances has been carried out to widen 
the available tools against these harmful orga-
nisms with interesting results. 

 Huang et al. ( 1997 ) found that  Tribolium 
castaneum  (Herbst) (Coleoptera: Tenebrionidae) 
adults were approximately ten times more 
tolerant than  Sitophilus zeamais  Motschulsky 
(Coleoptera: Curculionidae) adults to the contact 
toxicity of the extraction (essential oil) of 
 Myristica fragrans  Houtt. (Magnoliales: 
Myristicaceae) (18 vs. 1.7 mg/cm 2  LC 50  values, 
respectively) on fi lter papers. Younger larvae 
(10–16 days) of  T. castaneum  were more suscep-
tible to  M. fragrans  essential oil in comparison to 
adults, whereas the oldest ones (18 days) were 
even more tolerant.  M. fragrans  essential oil was 
also effective against the F1 progeny production 
of both  T. castaneum  and  S. zeamais .    Obeng- 
Ofori et al. ( 1997 ) reported complete adult mor-
tality of  Sitophilus granarius  (L.) (Coleoptera: 
Curculionidae),  S. zeamais ,  T. castaneum , and 
 Prostephanus truncatus  (Horn) (Coleoptera: 
Bostrichidae) exposed to 1,8 cineole, the major 
component of the essential oil of  Ocimum kenyense  
Ayob. ex A. J. Paton (Lamiales: Lamiaceae), at 
10 μl/insect on fi lter papers or as grain protectant 
at 0.5 μl/kg of grain. According to Paneru 
et al. ( 1997 ) the powder of  A. calamus  rhizomes 
collected from low altitude in eastern Nepal pro-
vided 100 % mortality of  Sitophilus oryzae  (L.) 
(Coleoptera: Curculionidae) and  S. granarius  
adults after 7 days of exposure in wheat treated 
with 2 % w/w of the powder. Furthermore, the 
formulation provided adequate control of wheat 
for a period of 7–8 weeks. Another plant extract 
from  Thujopsis dolabrata  (Thunb. ex L. f.) 
Siebold and Zucc. var.  hondai  Makino (Pinales: 
Cupressaceae), the terpenoid carvacrol, exhibited 
signifi cant contact toxicity against  Lasioderma 
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serricorne  (F.) (Coleoptera: Anobiidae),  Callo-
sobruchus chinensis  (L.) (Coleoptera: Bruchidae), 
and  S. oryzae  adults on fi lter papers after 48 h of 
exposure (Ahn et al.  1998 ). Obeng- Ofori et al. 
( 1998 ) reported high contact toxicity of camphor, 
the major component of the essential oil of 
 Ocimum kilimandscharicum  Baker ex Gurke 
(Lamiales: Lamiaceae) on fi lter paper against  S. 
granarius, S. zeamais , and  P. truncatus , i.e., 96, 
94, and 98 %, respectively, after 24 h of exposure 
at the concentration of 100 μg/insect. With topical 
application, camphor provided complete morta-
lity of  S. granarius ,  S. zeamais ,  T. castaneum , 
and  P. truncatus  after 48 h of exposure at the con-
centration of 60 μg/insect. Similar results were 
obtained at the dose of 1 mg camphor/kg of grain 
against the same species after 24 h of exposure, 
whereas it suppressed the progeny production of 
 S. granarius  and  S. zeamais . Kim et al. ( 2003 ) 
screened the contact toxicity of extracts of 30 
plants belonging to 23 families against  L. serri-
corne  adults on fi lter papers. They reported 
100 % mortality of the individuals exposed to 
 Cinnamomum cassia  (Nees and T. Nees) J. Presl 
(Laurales: Lauraceae) bark and oil,  Cocholeria 
aroracia  L. (Brassicales: Brassicaceae) oil, 
 Brassica juncea  (L.) Vassiliĭ Matveievitch 
Czernajew (Brassicales: Brassicaceae) oil, 
 Illicium verum  Hook. f. (Austrobaileyales: 
Schisandraceae) fruit, and  Foeniculum vulgare  
Mill. (Apiales: Apiaceae) fruit 24 h after treatment 
at the rate of 3.5 mg/cm 2 . Similarly, all adults 
were dead at the same rate when exposed to 
extracts of  Agastache rugosa  (Fisch. and C. A. 
Mey.) Kuntze (Lamiales: Lamiaceae) whole 
plant and  Acorus calamus  L. var.  angustatus  
Besser (Acorales: Acoraceae) rhizome after 2 
and 4 days post treatment. When the rate was 
reduced to 0.7 mg/cm 2   C. cassia  oil,  C. aroracia  
oil and  B. juncea  oil caused complete mortality 
of  L. serricorne  adults after 24 h of exposure. 
According to Akob and Ewete ( 2009 ), ethanolic 
extracts of  Vetiveria zizanioides  (L.) Nash 
(Poales: Poaceae) roots and  Cupressus arizonica  
Greene (Pinales: Cupressaceae),  Ocimum 
gratissimum  (L.) (Lamiales: Lamiaceae), and 
 Eucalyptus grandis  W. Hill ex Maiden (Myrtales: 

Myrtaceae) leaves provided signifi cant contact 
toxicity against the F1 progeny of  S. zeamais  in 
comparison to the controls in maize treated with 
a range (12,500–100,000 ppm) of concentrations 
37 days after infection. Epidi and Udo ( 2009 ) 
tested the contact toxicity of extracts of leaves of 
 Dracaena arborea  (Willd.) Link (Asparagales: 
Asparagaceae) against  S. zeamais  and 
 Callosobruchus maculatus  (F.) (Coleoptera: 
Chrysomelidae) adults and recorded complete 
mortality for both species when they were 
exposed for 2 days at 20 μl/ml of aqueous frac-
tion of the plant extract by topical application. 
When  S. zeamais  adults were exposed on fi lter 
papers which previously had been treated with 
200 μl/ml of ethyl acetate fraction of the plant 
extract, mortality reached 80 % after 96 days of 
exposure. Among powders of 20 plant species 
which were tested as grain protectants against 
 S. oryzae  at 2 % w/w,  V. negundo  had the best 
performance by providing 99.1 % mortality 
followed by  Alpinia offi cinarum  Hance 
(Zingiberales: Zingiberaceae) (96.6 %) and 
 Nelumbium speciosum  Willd. (Proteales: 
Nelumbonaceae) (94.4 %) after 7 days of expo-
sure. Owolabi et al. ( 2009 ) investigated the toxic 
contact effect of the essential oils of  Cymbopogon 
citratus  (DC.) Stapf. (Poales: Poaceae) and 
 Monodora myristica  Dunal (Magnoliales: 
Annonaceae) as maize and cowpea protectants 
against  S. zeamais  and  C. maculatus . Both 
essential oils were strongly toxic performing 
LD 50  values of 0.560 and 0.346, respectively. The 
contact application on fi lter paper of acetonic 
extracts of  Cucurbita maxima  Duchesne 
(Cucurbitales: Cucurbitaceae),  Citrus sinensis  
(L.) Osbeck (Sapindales: Rutaceae), and  Citrus 
aurantium  L. (Sapindales: Rutaceae) provided 
100 % mortality of  S. oryzae  and  Rhyzopertha 
dominica  (F.) (Coleoptera: Bostrichidae) at 
8.5 mg/cm 2  after 3 days of exposure 
(Rajasekharreddy and Usha Rani  2010 ). The 
crude extracts of  C. sinensis  and  C. aurantium  
caused 89 and 76 % mortality of  S. oryzae  and 
 R. dominica , respectively, under the same method 
of application after 3 days of exposure. According 
to Usha Rani and Rajasekharreddy ( 2010 ), the 
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seed extract of  Sterculia foetida  L. (Malvales: 
Malvaceae), cyclopropene fatty acid, provided 
complete mortality to  S. oryzae ,  C. sinensis , and 
 T. castaneum  adults under topical application on 
fi lter papers 2 days after treatment at 0.2 mg/cm 2 . 
Yang et al. ( 2010 ) combined the essential oil of 
 A. sativum  with diatomaceous earth against 
 S. oryzae  and  T. confusum  and reported that their 
combination was signifi cantly more effective 
than the use of either essential oil or diatoma-
ceous earth alone. Similarly, Saiful Islam et al. 
( 2010 ) showed that when two diatomaceous earth 
formulations were combined with the monoter-
penoids eugenol and cinnamaldehyde, toxicity 
against  S. oryzae  was higher than with the diato-
maceous earths alone. The contact toxicity of 
the essential oil from leaves, stems, and fl owers 
of  Dracocephalum moldavica  L. (Lamiales: 
Lamiaceae) exhibited strong contact toxicity 
through topical application against  S. zeamais  
and  T. castaneum  adults with LD 50  22.10 and 
18.28 μg/insect (Chu et al.  2011 ). Khani et al. 
( 2011 ) reported that when rice kernels were 
treated with 6–10 μl/g of petroleum ether seed 
extract of  Piper nigrum  L. (Piperales: Piperaceae), 
the mortality of the exposed  S. oryzae  adults was 
100 % after 3 days of exposure. The leaf crude 
extract of  Capsicum annuum  L. (Solanales: 
Solanaceae) applied as grain protectant at the 
concentration of 100 mg/20 g of extract resulted 
in complete mortality of  S. oryzae  and  T. casta-
neum  adults after 3 days of exposure. At the same 
dose and exposure, the leaf crude extract 
 Momordica charantia  Descourt (Cucurbitales: 
Cucurbitaceae) provided 97.6 and 94.0 of  S. oryzae  
and  T. castaneum  adults (Usha Rani and 
Devanand  2011 ). Usha Rani et al. ( 2011 ) reported 
suppression of the F1 progeny production of  
R. dominica ,  T. castaneum , and  C. sinensis  in 
grain treated with 15 and 30 mg/100 ml of leaf 
crude extracts of  C. nucifera  and  Terminalia 
catalpa  L. (Myrtales: Combretaceae).  Datura 
alba  Nees (Solanales: Solanaceae) leaf extract 
provided also long-term protection of rice ker-
nels from  Trogoderma granarium  Everts 
(Coleoptera: Dermestidae) and  S. oryzae  based 
on the signifi cant reduction of F1 and F2 progeny 
production in comparison to the controls (Ali 

et al.  2012 ). Usha Rani et al. ( 2013 ) examined 
several compounds which were chloroform 
extracted by the powder of roots of  Derris scan-
dens  (Roxb.) Benth. (Fabales: Fabaceae) against 
larvae of  T. castaneum  and  Corcyra cephalonica  
(Stainton) (Lepidoptera: Pyralidae). Osajin, 
lupalbigenin, scandinone, and genistein exhibit 
100 % mortality of  Tribolium confusum  Jacquelin 
du Val (Coleoptera: Tenebrionidae) larvae 
10 days after exposure in wheat fl our at 400 μg/g 
of diet. Complete mortality was    also recorded 
when larvae of  C. cephalonica  exposed in the 
same diet were treated with the same substances 
at 600 μg/g of fl our after 14 days of exposure. 
Athanassiou et al. ( 2013 ) indicated that 48 h of 
exposure of  S. oryzae  adults in wheat treated with 
500 ppm of silica gel enhanced with the essential 
oil of  Juniperus oxycedrus  L. ssp.  oxycedrus  
(Pinales: Cupressaceae) caused 82 % mortality. 
For 7 days of exposure, 100 and 98 % of  S. ory-
zae  adults died when treated with 500 and 
250 ppm of enhanced silica gel, respectively. At 
14 days of exposure, all adults died both at 250 
and 500 ppm of enhanced silica gel. De Souza 
Tavares et al. ( 2013 ) showed that extracts of 
 Psychotria capitata  Ruiz and Pavon,  Psychotria 
goyazensis  Müll. Arg.,  Psychotria hoffmannseg-
giana  (Willd. ex Roem. and Schult.) Müll. Arg., 
and  Psychotria prunifolia  (Kunth) Steyerm 
(Gentianales: Rubiaceae) were toxic as contact 
insecticides against  S. zeamais . Rajashekar et al. 
( 2014 ) found that leaf methanol extract of 
 Lantana camara  L. (Lamiales: Verbenaceae) 
caused > 89 % mortality of  S. oryzae ,  C. sinensis , 
and  T. castaneum  as a grain protectant 7 days 
after treatment with a concentration of 500 mg/l. 

 Other important series of extracts have been 
derived from the neem tree,  A. indica . These 
extracts contain several compounds which have 
insecticidal properties against several stored 
product species (Dunkel et al.  1991 ; Jilani et al. 
 1988 ; Jilani and Saxena  1990 ; Makanjuola  1989 ; 
Pereira and Wohlgemuth  1982 ; Prakash and Rao 
 1997 ; Rahim  1998 ; Weaver and Subramanyam 
 2000 ; Xie et al.  1995 ). The main active consti-
tuent is the triterpenoid azadirachtin (Butterworth 
and Morgan  1968 ). Athanassiou et al. ( 2005 ) 
found that azadirachtin A at rates of 100 and 
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200 ppm was equally effective against  S. oryzae  
on rye and oats, where mortality was complete 
after 7 and 14 days of exposure, respectively. 
Furthermore, for  R. dominica  and  S. oryzae , sig-
nifi cantly less progeny were recorded in rye and 
oats compared to untreated seeds. Kavallieratos 
et al. ( 2007 ) showed that > 91 %  S. oryzae  and
 T. confusum  adults were found dead after 14 days 
of exposure in wheat or maize treated with azadi-
rachtin A at 200 mg/kg. Adarkwah et al. ( 2010 ) 
reported 90 % mortality of  T. castaneum  exposed 
to wheat treated with Calneem ®  oil, an extract 
from the seeds of  A. indica  that contains 0.3 % 
azadirachtin as a major active ingredient, after 
3 days of exposure at 3 % v/v. When  T. casta-
neum     adults were exposed to fi lter paper treated 
with the same dose of biopesticide the mortality 
resulted was 88 % after 3 days of exposure.  

2     Prospects for Stored 
Product Protection 

 Solid and liquid preparations are the types that 
are used in bioassays, usually as admixtures with 
stored products (Weaver et al.  1995 ). Essential 
oils are the most common approach for testing 
botanicals in stored product protection, and this is 
why a major part of the studies available concern 
the fumigant toxicity of the tested ingredients. 
Also, aqueous plant extracts, in many cases, can 
be considered as another way for the application 
of essential oils (Ranjendran and Sriranjini  2008 ; 
Shaaya et al.  1991 ,  1997 ; Weaver and 
Subramanyam  2000 ). One recent example is 
allicin, which component is obtained from 
garlic,  Allium sativum  L. (Asparagales: 
Amaryllidaceae). Lu et al. ( 2013 ) noted that alli-
cin has a considerable fumigant toxicity against 
three major stored product insect species. One 
other example is the use of plant derivatives from 
Lamiaceae and Lauraceae, which have been thor-
oughly examined for their insecticidal activity 
(mainly  Lavandula ,  Rosmarinus ,  Laurus , and 
 Thymus ), through their essential oils that are 
associated with the effect of terpenoids, mainly 
monoterpenes (Weaver and Subramanyam  2000 ; 
Lee et al.  2003 ; Rozman et al.  2007 ). The basic 

stages of experimentation in these cases are 
(a) testing the way that a certain plant extract of 
plant derivative acts against insects (i.e., as a 
fumigant, as a contact insecticide, as an antifeed-
ant, etc.), (b) indicating which plant part has this 
type of activity, (c) indicating the insects that are 
susceptible after exposure to the specifi c extracts/
derivatives, (d) identifying the major components 
(usually by HPLC, GCMS, etc.), (e) isolating 
the major component (or components), and 
(f) repeating the testing with these isolated com-
pounds. Newer studies, however, add new dimen-
sions on the evaluation of certain botanicals 
against stored product insect pests, such as (a) the 
formulation and the application of these botani-
cals (i.e., though silica or other inert materials), 
(b) the clarifi cation of the mode of action (i.e., 
amylase inhibitors, etc.), and (c) the evaluation of 
parallel activity against pathogens, such as fungi. 
In this context, Magro et al. ( 2011 ) showed that 
the essential oils of clove  Syzygium aromaticum  
(L.) Merrill and Perry (Myrtales: Myrtaceae) and 
laurel  Laurus nobilis  L. (Laurales: Lauraceae) 
were able species of the genera  Fusarium  and 
 Aspergillus.  The exploration of naturally occur-
ring antimicrobials at the post-harvest stages of 
agricultural products receives increasing atten-
tion, and it is estimated that it will be evaluated 
more thoroughly in the near future, given that 
many researchers recognized the antibacterial, 
antifungal, antiviral, and antioxidant properties of 
essential oils, along with their insecticidal activi-
ties (Kordali et al.  2005 ; Magro et al.  2011 ; Pezo 
et al.  2006 ; Schuenzel and Harrison  2002 ; 
Skandamis et al.  2001 ). 

 Regarding the overall context for the use of 
botanicals in stored product protection, there are 
an enormous number of papers that have been 
published on the subject throughout the last 
years.    For example, at the  Journal of Stored 
Products Research , which is one of the main 
journals in this area, currently (2013) there are 
many more papers on botanicals published 
20 years earlier (1993). Similar fi gures can be 
also drawn from additional journals on the area. 
However, despite this extensive research, the use 
of botanicals and plant derivatives is still limited, 
while there are no data so far that document their 
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potentials for a wider adoption for use at the 
post- harvest stages. In the following, we will 
refer to the reasons that negatively affect their 
wider use as insecticides in stored products and, 
to some extent, as ingredients their wider utiliza-
tion as antimicrobials and fungicides. 

 One of the basic reasons is that most of these 
derivatives, in order to obtain a satisfactory level 
of insecticidal effect, should be applied at high 
doses, which are notably higher than the applica-
tion rates of the currently used insecticides. Apart 
from the plant extracts per se, the same holds for 
specifi c ingredients that have been isolated and 
identifi ed. For instance, Athanassiou et al. ( 2005 ) 
for azadirachtin noted that the dose rates for con-
trol  S. oryzae  and  R. dominica  were as high as 
500 ppm or even higher. 

 One additional reason is that, for most of the 
botanicals, there are no clear indications on their 
mammalian toxicity, i.e., most of the papers 
available focus on their toxicity to insects and do 
not proceed further for mammalian toxicity, or 
their toxicity to nontarget organisms. Usually, 
the main argument in evaluating botanicals as 
insecticides at the post-harvest stages of durable 
commodities is that some of these compounds 
are food additives, and thus, it is postulated that 
mammalian toxicity will not occur. For example, 
the oral LD50 rat oral values the some essential 
oils are extremely low and can be generally rec-
ognized as safe (Ranjendran and Sriranjini  2008 ). 
However, there are many aspects for human health 
that are expanded far beyond acute toxicity, but 
they are directly related with human health, 
such as the evaluation of botanicals as allergens, 
skin reactions, reproductive parameters, etc. 
Moreover, there are certain molecules that have 
been classifi ed as carcinogens. For instance, 
estragole and (+)-fenchone are carcinogenic 
(Kim and Ahn  2001 ; Ranjendran and Sriranjini 
 2008 ). The same evaluation should be performed 
in the case of the effect of certain botanicals 
on nontarget organisms (i.e., soil fauna, etc.). 
Consequently, when evaluating plant extracts for 
stored product protection against pests (and dis-
eases), it is essential to assess additional aspects, 
apart from the insecticidal effect, repulsive effect, 
etc., through a widely adopted standardized test-
ing protocol. Besides, the use of botanicals as 

insecticides in stored products should be regarded 
as purely and qualitatively different than the 
application of botanicals in fi eld pests, given that 
stored products are practically close to the fi nal 
stage in food processing. Hence, any ingredient 
that is added to food, even in low concentrations, 
should be carefully examined. 

 One other issue of major importance is the 
standardization of plant extracts. It is true that, 
even within the same species, extracts may vary 
remarkably according to the geographical area, 
season of plant harvest, etc. (Barton et al.  1989 ; 
Singh and Upadhyay  1993 ; Shaaya et al.  1997 ; 
Ranjendran and Sriranjini  2008 ). Also, the 
condition of the harvest and the preharvest period 
are critical parameters, since “stressed” plants 
often give quantitatively different compounds. 
Therefore, it is diffi cult to standardize the insecti-
cidal properties. 

 The commercial utilization of plant extracts 
meets with several drawbacks, such as patent and 
intellectual rights, differences in extraction meth-
ods, and formulation of the active ingredients. 
Although these diffi culties can be anticipated to a 
major degree, the standardization of specifi c 
compounds remains a high priority, especially in 
the case of essential oils. Stability during the 
formulation preparation also remains an issue of 
major importance. 

 Paradoxically, the information available on 
the effect of botanicals on the organoleptic and 
other properties of the treated commodities is 
scarce. Nevertheless, it is expected that some of 
the tested compounds may leave some residues 
on the product. From a critical review of the 
 publications on the subjects, it becomes evident 
that, at least in most of the cases studied thor-
oughly, there is no effect on the nutritional proper-
ties of the treated commodities. For instance, 
Singh et al. ( 1995 ) found no effect on the nutri-
tional value of sorghum exposed to  Mentha arven-
sis  L. (Lamiales: Lamiaceae), after 3 months of 
storage. Rozman et al. ( 2006 ) found that there 
was no effect on the major properties of fl our 
that was treated with monoterpenoids (camphor, 
1,8- cineole, and carvacrol). However, in this 
study, it was recorded that odor was evident in 
fl our prepared from treated wheat. Moreover, Liu 
and Ho ( 1999 ) indicated that essential oils may 
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have a serious impact on treated commodities, by 
altering some of the organoleptic characteristics. 
Seed germination could be also seriously affected 
in some cases (Vokou et al.  2003 ). Generally, 
oxygenated compounds are considered to have 
more serious effects on seed germination in com-
parison with non-oxygenated ones (Ranjendran 
and Sriranjini  2008 ). 

 Fumigants from plant sources are considered 
less penetrative to the commodities than tradi-
tional fumigants, such as phosphine. This may 
affect the insecticidal effi cacy of some compounds, 
especially in the case of diffi cult to control life 
stages, such as eggs and pupae; this is directly 
related with diffusion and permeation properties 
(Dunkel and Sears  1998 ; Prates et al.  1999 ; 
Ranjendran and Sriranjini  2008 ; Shaaya et al. 
 1997 ). At the same time, there are no indications. 

 However, this has not been established in 
large-scale trials, which consist one additional 
disadvantage on the wider adoption, registration, 
and use of plant extracts. In fact, the lack of 
large- scale data is probably the most important 
limitation on the extensive use of botanicals in 
the “real world” of stored products.  

3     Pesticides Made 
with Essential Oils 

    Essential oils are the plant volatile secondary 
metabolites, produced as by-products of plant 
metabolism, which consist of strong aromatic 
components that are spread in almost all parts of 
the plant.    These secondary metabolite chemicals 
occur in cavities of plant, cell walls, or glandular 
hairs or in the other parts of plant such as leaves, 
fl owers, bark, fruits, or fl owers or even roots as 
droplets of fl uids. Although they are commonly 
present in liquid form (Fig.  8.1 ), a slight increase 
in the temperature transforms them into gaseous 
form without any breakdown of the active 
components. These constituents are primarily 
lipophilic compounds that function as effi cient 
insecticides, repellents, antifeedants, and ovipo-
sition inhibitors to a wide variety of insect pests. 
Himachalol and ß-himachalene obtained under 
biodirected isolation from a cheap essential oil, 
 Cedrus deodara  (Roxb.) G. Don (Pinales: 

Pinaceae), have resulted in insecticidal principles 
against  C. chinensis  (Singh and Agrawal  1988 ). 
The oils are composite mixtures of natural 
organic compounds which are primarily com-
posed of terpenes (hydrocarbons) such as 
myrcene, pinene, terpinene, limonene, p-cymene, 
α- and β-phellandrene, etc., and terpenoids 
(oxygen- containing hydrocarbons) such as acy-
clic monoterpene alcohols (geraniol, linalool), 
monocyclic alcohols (menthol, 4-carvomenthenol, 
terpineol, carveol, borneol), aliphatic aldehydes 
(citral, citronellal, perillaldehyde), aromatic 
phenols (carvacrol, thymol, safrole, eugenol), 
bicyclic alcohol (verbenol), monocyclic ketones 
(menthone, pulegone, carvone), bicyclic mono-
terpenic ketones (thujone, verbenone, fenchone), 
acids (citronellic acid, cinnamic acid), and esters 
(linalyl acetate) (Koul et al.  2008 ). Some essen-
tial oils may also contain oxides (1, 8-cineole), 
sulfur-containing constituents, methyl anthranilate, 
coumarins, etc. Zingiberene, curcumene, farnesol, 
sesquiphellandrene, turmerone, nerolidol, etc., 
are examples of sesquiterpenes (C15) isolated 
from essential oils. Mono- and sesquiterpenoidal 
essential oil constituents are formed by the 
condensation of isopentenyl pyrophosphate 
units. Diterpenes usually do not occur in essen-
tial oils but are sometimes encountered as 
by-products. Asteraceae, Lamiaceae, Lauraceae, 
and Myrtaceae (Fig.  8.2 ) are some of the impor-
tant plant families from which essential oils are 
extracted.

    All essential oils break down fast and degrade 
readily in sunlight, air, and moisture and by 
detoxifi cation enzymes, hence less persistence 
and reduced risks to nontarget organisms; there-
fore, more frequent applications and precise tim-
ings are needed. Recent investigations indicate 
that some chemical constituents of these oils 
interfere with the octopaminergic nervous system 
in insects. As this target site is not shared with 
mammals, most essential oil chemicals are 
relatively nontoxic to mammals and fi sh in toxi-
cological tests (Koul et al.  2008 ). 

 It is evident that aromatic plant oils are supe-
rior in killing the stored pests, and most of these 
oils have at least a couple of common chemicals, 
and probably these chemicals represent the 
toxic action of the oils. The work reported by 
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Karabörklü et al. ( 2011 ) on the fumigant toxicity 
of the following aromatic oils, savory,  Satureja 
thymbra  L. (Lamiales: Lamiaceae); Turkish 
oregano,  Origanum onites  L. (Lamiales: 

Lamiaceae); myrtle,  Myrtus communis  L. 
(Myrtales: Myrtaceae); marjoram,  Origanum 
majorana  L. (Lamiales: Lamiaceae); laurel, 
 L. nobilis ; lemon,  Citrus limon  (L.) Burm. fi l. 

  Fig. 8.1    Theoretical fl ow of extraction and assessment of botanical pesticides       

  Fig. 8.2    Some of the plant species and their derivatives that have insecticidal value for stored product pest control       
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(Sapindales: Rutaceae); sticky goosefoot, 
 Chenopodium botrys  L. (Caryophyllales: 
Chenopodiaceae); and tansy,  Tanacetum arme-
num  (DC.) Sch. Bip., indicated that marjoram, 
laurel, lemon, goosefoot, and tansy oils which 
have a few common chemical components such 
as linalool, 1.8-cineole, citral, 2-(4a.8-dimethyl-
1.2.3.4.4a.5.6.7-octahydro- naphthalen-2-yl)-
prop-2-en-l-ol, and p-cymene also were 
commonly toxic to the adults of  Ephestia 
kuehniella  Zeller (Lepidoptera: Pyralidae). The 
oil of mountain savory, a member of the mint 
family having medicinal value, and oregano oil 
from the plant  Origanum vulgare  L. (Lamiales: 
Lamiaceae) can kill several fl our moths including 
Indian meal moth  Plodia interpunctella  (Hübner) 
(Lepidoptera: Pyralidae) and the bean weevil 
 Acanthoscelides obtectus  (Say) (Coleoptera: 
Bruchidae) very effectively (Ayvaz et al.  2010 ). 
Apart from having a potentially high bioactivity 
against a range of insect pests, certain plant 
essential oils and their active constituents, mainly 
terpenoids, are highly selective to insects, since 
they are probably targeted to the insect- selective 
octopaminergic receptor, a nonmammalian target 
(Kostyukovsky et al.  2002 ). Apart from having a 
potentially high bioactivity against a range of 
insect pests, certain plant essential oils and their 
active constituents, mainly terpenoids, are highly 
selective to insects, since they are probably 
targeted to the insect-selective octopaminergic 
receptor, a nonmammalian target (Kostyukovsky 
et al.  2002 ). Many essential oils are used in food 
and beverages and as fl avoring agents which is a 
good indication of their nontoxicity or least 
effects on mammals and other warm-blooded 
animals, and this relative safety makes them 
good candidates as alternatives to methyl bro-
mide and phosphine for the preservation of stored 
grain. 

 Many insects are averse to the smell of essen-
tial oils, and thus they can repel or even kill the 
insects depending on their susceptibility to the 
chemical. Orange tree produces different compo-
sition of oils in their blossoms, citrus fruits, and/
or leaves. In certain plants, one main essential oil 
constituent may predominate, while others are 
cocktails of various terpenes. 

 Some oils are signifi cantly more active than 
others based on their constituents. Limonene 
found in the essential oil of various citrus leaves 
and fruit peels has exhibited signifi cant insect 
control properties (Karr and Coats  1988 ). Few 
essential oils such as lemongrass,  Cymbopogon 
winteriana  Jowitt (Poales: Poaceae); eucalyp-
tus,  Eucalyptus globulus  Labill (Myrtales: 
Myrtaceae); rosemary,  Rosmarinus offi cinalis  
L. (Lamiales: Lamiaceae); vetiver,  V. zizanioides ; 
clove,  Eugenia caryophyllus  (Spreng.) Bullock 
and S. G. Harrison (Myrtales: Myrtaceae); 
and thyme,  Thymus vulgaris  L. (Lamiales: 
Lamiaceae), are known for their pest control 
properties. Among thirty-one essential oils 
obtained from different plant species evaluated 
for reproduction retardant and fumigant proper-
ties at 1,000 ppm in acetone against  S. oryzae  in 
laboratory, oil of  Pinus longifolia  Roxb. showed 
reproduction retardant, and oil of  Mentha citrata  
Ehrh. (Lamiales: Lamiaceae) showed signifi cant 
fumigant toxicity, while  Amomum subulatum  
Roxb. (Zingiberales: Zingiberaceae),  Artemisia 
maritima  L. (Asterales: Asteraceae), and  C. deo-
dara , or  C. winteriana  oils protected the wheat 
grains from damage (Singh et al.  1989 ). When it 
comes to the control of stored product pests, the 
oils from edible plants are more preferred as most 
of them consist of acceptable fl avors to human 
and their safety. During the investigations on 
the toxic properties of  Elettaria cardamomum  
L. (Maton) (Zingiberales: Zingiberaceae), the 
essential oil extracted from cardamom was 
found lethal to  C. maculatus ,  T. castaneum , and 
 E. kuehniella  (Abbasipour et al.  2011 ). During 
these studies, it was also found that the lepidopteran 
pest  E. kuehniella  was more susceptible than the 
coleopteran insects and the GC Mass analysis 
showed the 1,8-cineol, α-terpinyl acetate, terpi-
nene, and fenchyl alcohol as major ingredients. 
Since cardamom is one of the most favorite 
spices, it makes a good choice for control of pests 
on stored grains and stored food products and is a 
low-risk insecticide. 

 Pesticides made with essential oils are derived 
from plants that are known to have insecticidal 
properties, which may not always be safe for 
humans and other mammals or that it cannot kill 
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a wide variety of other life. Neem oil, garlic oil, 
and sabadilla are some least toxic botanical pes-
ticides, whereas citrus oils, mint oil, pine oil, 
pepper extracts, and tree oils are moderately 
toxic. Many pesticides made with essential oils 
are formulated with synergists. These have no 
insecticidal effect of their own but serve to 
enhance the insecticidal effect of the botanicals. 
As many of these essential oils are nontoxic to 
humans and are widely available in some coun-
tries, the process of commercialization of 
essential oil-based pesticides is faster. All these 
properties make them effective in agricultural 
utilization, particularly for organic food produc-
tion. Neem oil, derived from the neem tree scien-
tifi cally known as  A. indica , contains a complex 
mixture of biologically active compounds that can 
act as repellents, antifeedants, toxicants, oviposi-
tion deterrents, and growth retardant properties 
against various insect pest populations. Its active 
ingredients can act as direct insecticides, and it 
has both contact and systemic toxicity toward 
crop as well as domestic pests, but a very low 
toxicity to mammals. The active ingredients bio-
degrade rapidly in the presence of sunlight and 
within a few weeks in the soil. It is used as a grain 
protectant for centuries without apparent harm to 
humans. Oil extracted from garlic,  A. sativum , 
also possesses insecticidal properties besides 
antifungal and antibacterial nature. Eugenol 
from cloves,  E. caryophyllus ; 1,8- cineole from 
 E. globulus ; citronellal from lemongrass, 
 Cymbopogon nardus  (L.) Rendle (Poales: 
Poaceae); pulegone from  Mentha pulegium  L. 
(Lamiaceae: Lamiales); and thymol and  carvacrol 
from  T. vulgaris  are among the most active con-
stituents against insects. Limonene found in the 
essential oil of various citrus leaves and fruit 
peels has exhibited signifi cant insect control 
properties (Karr and Coats  1988 ). Another impor-
tant plant species is  O. gratissimum .    The essen-
tial oil extracted from this plant caused 74 % 
mortality in  S. zeamais  when allowed to feed on 
essential oil-treated diet (Ngamo et al.  2001 ). The 
oil from  Xylopia aethiopica  (Dunal) A. Rich. 
(Magnoliales: Annonaceae) and  P. nigrum  also 
showed potent insecticidal activity to the maize 
weevil in food treatment method showing almost 

100 % toxicity when the weevils were left to be 
in contact with the treated grain for 48 h (Ngamo 
et al.  2001 ). The acetone diluted pure essential 
oils from plant species currently found in 
Cameroon; it exhibited good fumigant toxicity to 
 S. zeamais . Among these  Hyptis spicigera  Lam. 
(Lamiales: Lamiaceae) was the most toxic 
(fumigant) after 48 h of fumigation followed 
by  Annona senegalensis  Pers. (Magnoliales: 
Annonaceae) and  X. aethiopica  96 and 95 % of 
mortality, respectively. Kouninki et al. ( 2005 ) 
and Ngamo Tinkeu et al. ( 2004 ) also reported 
the insecticidal activity of the essential oils 
 Eucalyptus citriodora  Hook. and  Eucalyptus 
saligna  Sm. (Myrtales: Myrtaceae),  Lippia 
rugosa  A. Chev. (Lamiales: Verbenaceae), and  O. 
gratissimum  to  S. zeamais . 

 The turmeric  Curcuma longa  L. (Zingiberales: 
Zingiberaceae) plant is extremely important and 
most versatile and is widely used for medicinal 
and culinary purpose. It is well known for its 
vibrant color and abundant healing powers. 
Particularly in India, it has a lot of signifi cance 
not only in medicinal use, but since thousands of 
years, it is also used in various religious ceremo-
nies. The plant leaves and certain other parts of 
turmeric plant, on hydrodistillation, yield oil rich 
in α-phellandrene (70 %). It has moderate knock-
down effect to  T. castaneum . Essential oils found 
in the  Eucalyptus  plant foliage possess a wide 
spectrum of biological activity including antimi-
crobial, fungicidal, insecticidal/insect repellent, 
herbicidal, acaricidal, and nematicidal. The use of 
eucalyptus oil as a natural pesticide is of immense 
signifi cance in view of the environmental and 
toxicological implications of the indiscriminate 
use of synthetic pesticides and overcoming/
reducing the problem of increasing pest resistance 
(Batish et al.  2008 ).  

4     Fumigants 

 Generally essential oils are toxic to stored pro-
duct pests in the vapor form, acting as fumigants, 
which are an added advantage, particularly in 
storage conditions. Constituents of many essen-
tial oils, particularly monoterpenes being volatile 

C.G. Athanassiou et al.



141

in nature, are more useful as fumigants, and in 
recent years several monoterpenoids have been 
considered as potential alternates to synthetic 
pesticides. However, the degree of toxicity of dif-
ferent compounds to one species differs consider-
ably. The active molecules can penetrate between 
the grains, thus enhancing the pest’s exposure to 
the treatment. Several of the chemical compo-
nents in essential oils are good toxicants in the 
vapor form also. Pulegone, linalool, and limo-
nene the common chemical constituents of cer-
tain essential oils are effective fumigants against 
 S. oryzae , while  M. citrata  oil containing linalool 
and linalyl acetate exhibits signifi cant fumigant 
toxicity against this species (Singh et al.  1989 ). 
The  l -carvone has been reported to cause 24 
times more fumigant toxicity than its contact tox-
icity to  R. dominica  (Tripathi et al.  2003 ). Carvon 
can be obtained from the essential oil of dill 
plant,  Anethum sowa  Roxb. ex Fleming (Apiales: 
Apiaceae). The other major constituent of 
 A. sowa , namely, dillapiole, is well known for its 
insecticide synergistic properties. This com-
pound is present in the oil of  Anethum graveolens  
L. (Apiales: Apiaceae) seeds (40–60 %) as well 
as from spearmint oil,  Mentha spicata  L. 
(Lamiales: Lamiaceae) (about 50 %). The vola-
tile oil constituents of  Mentha  species are shown 
to be toxic to the common stored grain pests, 
 C. maculatus  and  T. castaneum  (Tripathi 
et al.  2000 ). Essential oils isolated from pine,  
P. longifolia ; eucalyptus,  Eucalyptus obliqua  
L. (Myrtales: Myrtaceae); and coriander, 
 Coriandrum sativum  L. (Apiales: Apiaceae), 
were reported to have toxicity in both contact and 
fumigation modes against three major stored 
grain pests, i.e.,  S. oryzae ,  C. chinensis , and  
C. cephalonica  (Usha Rani  2012 ). However, the 
direct toxicity results varied with test material, 
dosage applied, insect species tested, and expo-
sure time. Essential oils were much more poten-
tial in fumigation bioassays than in contact 
mode. The common monoterpenoids (1,8-cineole, 
α-pinene, carvone, linalool, etc.), phenolic acids, 
quercetin, caffeic acid, and protocatechuic acid 
present in these essential oils are responsible for 
their insecticidal activity against stored grain 
pests which have potential for applications in 

IPM program (Usha Rani  2012 ). The remarkable 
effi ciency of the essential oil of African mari-
gold,  Tagetes erecta  L. (Asterales: Asteraceae), 
against  S. oryzae ,  T. castaneum , and  C. chinensis  
was reported by Usha Rani and Udaya Lakshmi 
( 2007 ). Unlike eucalyptus, pine, and coriander 
oils, the  Tagetes  oil showed similar toxicity in 
both contact and fumigation studies to stored 
product pests. The essential oils from  A. graveo-
lens ,  Cuminum cyminum  L. (Apiales: Apiaceae), 
 I. verum ,  M. fragrans ,  Nigella sativa  L. 
(Ranunculales: Ranunculaceae),  P. nigrum , 
and  Trachyspermum ammi  Sprague (Apiales: 
Apiaceae) isolated by hydrodistillation method 
produced mortality in adults and larvae of 
 C. chinensis  when fumigated (Chaubey  2008 ).  

5     Repellents 

 Since essential oils contain aromatic volatile 
compounds, they evaporate quickly and many of 
them act as repellents to insects. These com-
pounds are more useful for the use of domestic 
pests than the crop pests. Many essential oils and 
their monoterpenic constituents are known for 
their repellent activity against stored product 
pests. Citronella ( C. nardus ) essential oil has 
been used for over 50 years both as an insect 
repellent and an animal repellent. The steam dis-
tillation of aromatic roots of vetiver ( V. zizanioi-
des ) yields an essential oil containing a large 
number of oxygenated sesquiterpenes which can 
protect clothes and other valuable materials from 
insect attack. Jaenson et al. ( 2006 ) demonstrated 
the repellency of oils of lemon, eucalyptus, 
geranium, and lavender against  Ixodes ricinus  
(L.) (Acari: Ixodidae) in the laboratory and fi eld. 
The essential oils extracted from the fl owers of 
 T. erecta  have been effective repellent against 
insects (Ray et al.  2000 ). The chemical compo-
nents isolated from turmeric rhizome powder oil, 
turmerone and  ar -turmerone (dehydroturmer-
one), exhibited strong repellent activity toward 
certain stored grain pests, and the turmeric oil has 
been reported to provide protection to wheat 
grains against  T. castaneum  (Chahal et al.  2005 ). 
The volatile components from the essential oils 
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of  Artemisia  species showed repellent activity 
to several coleopteran beetles,  Sitophilus  sp., 
 T. castaneum ,  C. maculatus , and  R. dominica  
(Negahban et al.  2007 ).  

6     Insect Growth Regulators 

 Another important role played by essential oils in 
the life of insects is altering their growth param-
eters. Several essential oil constituents can alter 
the growth and affect the reproduction of the 
treated insects. In this case, Lepidoptera are the 
most susceptible insects. The oils of  A. graveo-
lens ,  C. cyminum ,  I. verum ,  M. fragrans ,  N. sativa , 
 P. nigrum , and  T. ammi  reduced the oviposition 
potential, egg-hatching rate, pupal formation, 
and emergence of adults of F1 progeny of 
 C. chinensis  when fumigated with sublethal con-
centrations (Chaubey  2008 ). The growth inhibi-
tory activities of these essential oils, which also 
showed good fumigant toxicity, could be due to 
the inhibition of various biosynthetic processes 
of the insects at different developmental stages. 
Essential oils extracted from peels of  Citrus 
reticulata  Blanco (Sapindales: Rutaceae) caused 
growth inhibition in  R. dominica  (Abbas et al. 
 2012 ). Some essential oils are good inhibitors of 
pest’s oviposition, thereby affecting overall 
growth of the populations. Essential oil of  E. car-
damomum  had a good effi cacy on oviposition 
deterrence of  C. maculatus  females, and treat-
ments reduced pest numbers in the treated grain 
(Abbasipour et al.  2011 ).  

7     Technology for Application 
in Stored Product Protection 

 Considerable success has been achieved in terms 
of the development of botanical pesticides, 
products, and formulations and cost-effective 
viable technologies. The major properties of the 
plant- based pesticides, namely, effective, bio-
degradable, and considerably low mammalian 
toxicity, made them highly desirable (sought-
after) environmental friendly alternatives. Till 

now methyl bromide and phosphine are used as 
broad spectrum fumigants against stored product 
pests, and it is very diffi cult to achieve the intro-
duction of such effective and broad spectrum 
chemicals, but essential oils have got good pros-
pects to be developed as alternative fumigants, if 
not against broad range but to particular species of 
insects, or to be used for a specifi c food product 
commodity. Insecticidal activities of  Annona 
squamosa  L. (Magnoliales: Annonaceae), 
 A. calamus ,  Melia azedarach  L. (Sapindales: 
Meliaceae),  A. indica , or  V. negundo  have 
already been determined and commercialized. 
Photostable neem formulations will also be 
available soon. 

 Several essential oils and neem seed limonoids 
are identifi ed as pesticides and have been applied 
for crop pest as well as stored product pest con-
trol. Though there are ample chances of essential 
oils/botanical compounds becoming alternates to 
chemical or synthetic pesticides, these com-
pounds need to be available in a range of formu-
lations that can be used in a variety of pests and 
in different situations, i.e., wettable powders, 
liquid concentrates, dusts, and aerosols. Since 
these botanical compounds are generally regarded 
as environmentally safe, they can be directly used 
even for the stored pest control. Particularly 
because most of the botanicals are often effective 
in small doses and decompose faster, the expo-
sure will be lower, hence safer to use in food 
grain protection. Recent research has shown that 
certain combinations of essential oils such as 
peppermint oil, clove oil, citrus oils, lavender oil, 
thyme oil, and rosemary oil sometimes also 
combined with natural pyrethrins are effective. 
Until recently the availability of plant-based 
insecticides was limited to a few products like 
neem oil and pyrethrum. While these products 
are effective and exhibit very low environmental 
impact, they have a limited range of uses. Interest 
in organic farming is increasing rapidly all over 
the world, and efforts to produce and commer-
cialize plant-based pesticides are also increasing 
enormously. Apart from being economical and 
eco- friendly, they also provide an opportunity for 
income generation in lower-income groups in 
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some countries. The production of plant-based 
biopesticides on commercial scales can be an 
economically viable option for employment 
generation in the rural areas. The technology of 
insecticides application in storages has not 
changed much in the last 3–4 years. The applica-
tion in empty storage and grain products is 
conducted by spraying, dusting, and fumigation 
and with different combinations of physical and 
chemical measures. Limiting insect infestation in 
grain storage must be a primary consideration as 
these pests not only cause considerable damage 
but also make the food unacceptable by leaving 
their frass, cadavers, etc. Generally fumigation 
continues to play a valuable role in stored pest 
control and is still widely used for the control of 
insects because these pesticides can reach even 
the interstitial places in the grain and kill insects. 
   Several modern technological developments, 
including instrumentation for gas detection 
and analysis, improved formulations as well as 
increased demand for effective and economical 
pest control measures and have done much to 
improve fumigation procedures. 

 Another method proved to be effi cient in 
botanical application is admixing where suitable 
formulations mostly botanicals made from edible 
plant materials are mixed with the stored grain to 
prevent insect infestation. Since usually botani-
cals are nonpersistent, hence, it may not stay lon-
ger on the treated grain. In rural India, farmers 
still use jute bags for storing their produce. 
Treatment to these bags is one method in which 
often the pests are killed or repelled, resulting in 
the grain protection. A new method was reported 
for the application of chemicals for protecting 
cereals and pulses by Usha Rani ( 1997 ) in which 
the required chemical is mixed uniformly with 
rice bran or rice husk in various dilutions which 
in turn was admixed with the grain. In this way 
the chemical is not in direct contact with the 
grain, but still the insects are in close contact with 
the chemical. A single application of deltamethrin 
applied in this method prevented insect infesta-
tion for a period of up to 20 months. Registration 
has been the main bottleneck in putting new 
products on the market, but more essential oils 

have been approved for use in the United States 
than elsewhere owing to reduced-risk processes 
for these materials (Regnault-Roger et al.  2012 ).  

8     The Future 

 The future of botanicals in stored product protec-
tion remains uncertain. As noted above, for many 
ingredients, the toxicological/ecotoxicological 
aspects are poorly understood and defi nitely 
require additional assessment. Hence, despite the 
fact that some ingredients are now commercially 
available as plant protection products and 
 biocides, the registration for direct application on 
a given stored commodity requires attention and 
further considerations in conjunction with a food 
safety-orientated strategy. Moreover, the eco-
nomics involved in the identifi cation of some 
compounds are often in contradiction with the 
production of large quantities regardless of the 
fact that these quantities can be also synthesized. 
At the same time, paradoxically, the majority of 
these compounds, according to the current legis-
lation, in most counties need a “regular” registra-
tion procedure, just like in the case of conventional 
plant protection products. This is a major impli-
cation as an investment toward that direction, in 
comparison with the registration of the conven-
tional active ingredients. A drastic and realistic 
change in legislation is needed globally in 
order to promote further registration and use of 
certain botanicals. Still, above all, the consu-
mers’ demand for residue-free food is not always 
compatible with the use of botanicals in stored 
product protection, unless it is proven that these 
compounds are safe and do not affect food 
properties. 

 From the techniques mentioned above, it 
seems that the use of botanicals as essential oils 
has a certain merit for further commercial devel-
opment, taking into account that some of these 
compounds are also registered as biocides 
(against urban pests). One other promising 
category is the use of botanicals with the use of 
certain types of nanoparticles. For example, the 
use of botanicals with silica or diatomaceous 
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earths has been evaluated with success and may 
appear in the future at a commercial scale, espe-
cially in durable stored products, such as grains 
and related amylaceous commodities. Other 
inert materials such as zeolites or electrostati-
cally charged dusts can play a role toward this 
direction.     
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    Abstract  

  Despite the near elimination of pests from food stores in industrialised 
nations, insects are still the most important challenge to food security for 
small-holder farmers in less deve loped nations. Losses are frequently as 
high as 20 %. Synthetic products provide effective control when used 
correctly but are not sustainable or universally appropriate and present 
many challenges for farmers, not least of all their cost. Pesticidal plants 
offer an economic, effective and often the only alternative. Much 
published research, however, overlooks critical knowledge gaps providing 
outputs that are unlikely to improve pesticidal plant use or improve food 
security. This chapter identifi es opportunities for better targeted research 
and improvements for uptake and use of pesticidal plants. We also 
highlight how a deeper understanding of different morphs, gender and age 
of insect can infl uence experimental results and should be considered 
more carefully. 

 To be effective plant materials need to show low animal and environ-
mental toxicity at typical application levels but at the same time be effec-
tive against a wide range of target species, at low doses and with longevity. 
They must also be low cost, safe, compatible with other pest management 
technologies and stable and have no consequences for the stored products 
such as impairing fl avour. Research should be targeted at optimising the 
effi cacy of the pesticidal plants already known to have potential, and this 
should be supported by chemistry to fully understand spatial, temporal and 
phenotypic variability and nontarget impacts. Availability of plants is a 
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1         Introduction 

 In recent decades, the postharvest sector for 
durable crops (grains and legumes) has under-
gone a massive divergence between developed 
and developing economies. Relatively advanced 
large-scale technologies such as refrigerated 
silos, fumigation and controlled atmosphere 
storage have virtually eliminated the problems of 
insect attack after harvest across Europe, North 
America and Australia. However, the situation in 
developing countries could not be more different. 
Particularly in the Tropics and for the relatively 
smaller-scale crop production systems found in 
sub-Saharan Africa and South Asia, postharvest 
losses routinely result in 10–20 % of food 
produced being lost along the value chain after 
harvest. In countries where subsistence and 
small-scale farmers dominate, postharvest losses 
from insects mean that farmers are often obliged 
to sell their crops soon after harvest because they 
do not have access to affordable technology that 
will protect their stored crops at the small-scale 
level. For subsistence farmers, the rapid deterio-
ration caused by storage insects can mean sea-
sonally extended food insecurity, lower quality 
and nutritive content of their produce and the 
need to account for loss expectations by expand-
ing the amount of land cultivated. Some of the 
best estimates of postharvest loss that include 
small-holder production are now being collected 
in southeastern Africa with data made available 
by the African Postharvest Losses Information 

System (APHLIS). 1  This interactive map and data-
base show postharvest losses can vary across sea-
sons, regions and commodity type and gives some 
indication of how severe postharvest losses can be 
for subsistence farmers, e.g. during 2007 losses 
were up to 35 % for maize in most of Zimbabwe, 
while up to 25 % for most of Mozambique, 
Tanzania and eastern Kenya (see    Fig.  9.1 ).

   Although many initiatives are trying to 
develop and distribute appropriate technology for 
on-farm storage, e.g. hermetically sealed bags, 
insect-proof containers, etc., most subsistence 
farmers continue to store produce in woven poly-
thene sacks or indigenously designed granaries. 
As subsistence farmers are, by defi nition, poor in 
resources and constitute some of the most mar-
ginalised people globally, providing them with 
new technology is fraught with diffi culty to over-
come vested interests in maintaining the status 
quo (e.g. market traders, pesticide manufactur-
ers) as well as convincing and enabling farmers 
to invest in storage technology. Typically, most 
subsistence farmers do nothing to prevent post-
harvest losses. Their experience tells them to sell 
their produce early to avoid losses because they 
cannot maintain grain quality later in the season 
when market prices are high for good-quality 
grain. If farmers do plan on storing longer than 
3 months, they usually treat their grain with a 
commercially available synthetic pesticide, par-
ticularly if they hope to sell the grain. 

1   http://www.aphlis.net 

limiting factor to uptake so propagation and cultivation of elite prove-
nances would alleviate pressure on natural ecosystems and improve 
reliability of effi cacy and supply when supported by improved harvesting 
techniques. The large- scale commercialisation of plants may not compete 
with synthetic products globally but local production may foster a 
mechanism to support and encourage uptake through local markets and 
value chains.  

  Keywords  
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 The most abundant pesticide used in sub- 
Saharan Africa to control insects in grain storage 
is the fumigant phosphine, which can really 
only be effectively employed at large scale as it 
requires gas-impermeable sheeting and monitor-
ing equipment, the costs of which are beyond the 
reach of small-holder farmers. In some countries, 
farmers can legally (or illegally) obtain phos-
phine and attempt to fumigate their grain them-
selves at home but through poor knowledge do 
not maintain a gas-tight environment, often lead-
ing to human poisoning. For small-holders 
Actellic (pirimiphos) dust or its sister product 
Actellic Super (pirimiphos-methyl and perme-
thrin) dust is used most commonly (Obeng-Ofori 
 2010 ). These are typically highly effective when 
used correctly but distribution may be restricted 
in some rural areas, and perhaps the most diffi -
cult problem with Actellic, as with most other 
pesticides, is that they are frequently adulterated 
by unscrupulous traders or poorly stored/expired 

product is used. Inappropriate application, the 
development of resistance among insect species 
and the limited number of insecticides available 
in remote areas are just some of the problems 
facing small-scale use of insecticides for stored 
production protection. Insecticides are typically 
applied without adhering to manufacturer advice 
about safe handling, and this can place farm 
workers, often women and children, at risk. In 
addition, the safety of food for consumers is not a 
high priority, and there is no mechanism for 
assessing chronic/acute outcomes from exposure. 
In 2013, 23 children died in an Indian school 
after eating a meal contaminated by pesticide. 2  
Pesticide dumping and the impact on wildlife and 
benefi cial organisms are also serious, while the 
prohibitive cost of pesticides for poor farmers 
can be a strong disincentive to use them. Recent 
surveys highlight these issues and report that the 

2   http://www.bbc.co.uk/news/world-asia-india-23436348 

  Fig. 9.1    Postharvest losses (PHL) for maize collected at the provincial level across southeastern African states during 
2007 (Data derived from   http://www.aphlis.net    )       
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problems are well understood by farmers 
(Kamanula et al.  2011 ; Nyirenda et al.  2011 ) 
and have led to farmers simply avoiding syn-
thetic pesticides altogether but at the cost of 
stored food losses. 

 Storage losses can be avoided using improved 
management and local materials. Using simple 
techniques, even the poorest resourced farmers 
can have some direct control over postharvest 
pests. The use of biorational approaches to con-
trol stored product pests has been reviewed 
recently (Phillips and Throne  2010 ), so this chap-
ter will focus more specifi cally on the potential 
for plants to be effective alternatives to pesti-
cides. Plant species have been studied for decades 
as potential alternatives to commercial synthetic 
chemicals owing to their abundance of defence 
chemicals, and it has been estimated that around 
10 % of all plant species (~28,000) have some 
pesticidal chemical qualities but fewer than 500 
have robust evidence supporting the reported 
activity (Simmonds  2003 ). Plants have not ful-
fi lled their commercial promise and are perhaps 
best suited to providing important, and for some 
of the poorest resourced farmers the only, source 
of pest control material in developing nations 
(Isman  2006 ,  2008 ). Plants offer an economically 
viable alternative for small-holder farmers, but 
the research to develop them is lacking robust 
chemical backstopping, and their effective pro-
motion, using applications that are improved 
based on scientifi c research, could improve their 
impact and sustainability for storage pest man-
agement for insect pests. 

 In most cases, the idea of using plant material 
to control pests is a familiar concept to farmers 
(Kamanula et al.  2011 ; Nyirenda et al.  2011 ), and 
many recognise their wider benefi ts as environ-
mentally benign, less toxic and cost-effective 
compared to synthetic pesticides. Plant materials 
are also more diffi cult to adulterate especially if 
they are harvested by the farmers themselves, and 
while they may not require any signifi cant fi nan-
cial outlay, their use does consume one important 
resource to farmers – time. 

 Farmer surveys carried out in Ghana have 
highlighted that many farmers do not use com-
mercial synthetics (Belmain and Stevenson  2001 ) 

and, instead, use plant-based products. While 
there is a general acceptance that plants offer a 
useful alternative to commercial pesticides for 
small-holder farmers, some recent surveys reveal 
that elsewhere in Africa surprisingly few actually 
use them (Kamanula et al.  2011 ). This could be 
explained by knowledge gaps or failing policies 
to drive uptake or commercialisation. Availability 
of plant material and variability of that material 
are major limiting factors, and the propagation 
and commercialised cultivation of key verifi ed or 
validated provenances could drive the change 
needed to enable more farmers to use this tech-
nology and establish plant materials as a genuine 
alternative to pesticides. 

 This chapter draws attention to knowledge 
gaps in aspects of pesticidal plant research and 
promotion and provides guidance on how scien-
tists can better target their research to ensure that 
outcomes offer useful knowledge that can 
improve uptake and use of pesticidal plants. 
Much of this work has been carried out under the 
African Dryland Alliance for Pesticidal Plant 
Technologies (ADAPPT Project) and continues 
through propagation and outreach activities on a 
follow-up strategy Optimising Pesticidal Plants: 
Technology Innovation, Outreach and Networks 
Project (OPTIONs). 

 An analysis of published science based in 
Africa on pesticidal plants indicates that much 
research overlooks the critical knowledge gaps 
and is repeated work or delivers outputs that are 
unlikely to have any impact on agricultural deve-
lopment and poverty alleviation. Most research 
on pesticidal plants does not address the prob-
lems that limit the development, uptake and pro-
motion of pesticidal plants. Furthermore, >80 % 
of published work in this research area in Africa 
reports laboratory bioassays that simply evaluate 
pesticidal plants against insects with little consi-
deration of the information needed to optimise 
use, facilitate upscaling, enhance fi eld effi cacy or 
address health and safety issues (vertebrate 
toxicity), propagation, cultivation or conserva-
tion. This is particularly well illustrated by the 
example of biological activity reported in nonpo-
lar extracts of a plant against a pest species that 
farmers will attempt to control in the fi eld using 

P.C. Stevenson et al.



153

crude water extracts that will unlikely contain 
any of the active components reported in the 
scientifi c study. 

 Ideally to be effective and useful in stored 
product protection, plant materials need to show 
low toxicity to mammals and the environment, 
show toxicity or repellency to a wide range of tar-
get species, have effi cacy at low doses and with a 
long period of activity, have low cost in terms of 
time to collect process and apply, be compatible 
with other pest management technologies, be 
stable chemically and have no consequences for 
the stored product such as impairing fl avour.  

2     Pesticidal Plants 
as Alternatives to Synthetic 
Products in Africa 

 Generations of African farmers have used pes-
ticidal plants to control stored product pests 
(Thacker  2002 ), and prior to the synthetic chemi-
stry revolution, plants were the only technology 
available to farmers for insect pest control (Isman 
 2008 ). There are already many literature reviews 
about pesticidal plants and here we do not attempt 
to repeat this. Prakash and Rao ( 1997 ) have 
reviewed botanical insecticides describing 
biological activities and applications for >100 
species, while details of plant chemistries and 
their role in integrated approaches to pest control 
pest are also reviewed (   Koul and Dhaliwal  2004 ). 

 The main objective of this chapter is to high-
light the importance of pesticidal plants as 
alternative pest control technologies for stored 
products and draw attention to knowledge gaps 
for future research based on what is absent from 
recent published work. Despite thousands of 
research articles in the literature, there are only a 
handful of successful commercial botanical prod-
ucts used for insect control including pyrethrum, 
rotenoid-based products, neem and essential oils. 
Thus, plants as commercial products have fallen 
short of their potential (Isman  2006 ). Indeed they 
comprise only a small fraction of the total pesti-
cide used in high volume agriculture in Europe, 
Australasia and the Americas. However, in Africa 
they still have a major contribution to make for 

farmers, and it has been argued convincingly that 
it is for the rural poor that pesticidal plants have 
the greatest value in agriculture (Isman  2008 ). 
Many of the species available and used in Africa 
are described in detail by Stoll ( 2000 ) along with 
low-tech practical application procedures for a 
variety of pests and crops that require the mini-
mum preparation. This is distinct from the aspira-
tion of many scientists whose aim is a commercial 
product in a bottle that replaces a synthetic 
product. Here, we focus on pesticidal plants that 
comprise crude plant materials including leaves, 
stem bark, roots, fruits and seeds that are effec-
tive but need only rudimentary preparation and 
are thus more suitable for the resource-poor 
small-holder farmers across Africa. This process-
ing includes drying, crushing and mixing with 
stored products (Belmain and Stevenson  2001 ) or 
producing crude extracts in water for application 
with a sprayer or applied using a brush (Stoll 
 2000 ). Indeed the lower the level of preparation 
that is required, the more universally appropriate 
the plant material. This is not to say that the 
materials do not require effective and robust 
backstopping with scientifi c knowledge and 
research. Indeed we argue below, using examples 
from our own work and recent work of others, 
that scientifi c support is essential to provide 
farmers with reliable products and materials that 
have predictable and measurable effects. 

 Kamanula et al. ( 2011 ) reported that farmers 
are well aware of the potential pesticidal value of 
plants but, depending upon the country, only 
between 20 and 50 % actually used them. This 
may be because effi cacy is perceived to be lower 
than with the other available pesticides, or the 
inconsistency in effi cacy could explain it. We 
expand below on how this has impacted on the 
use of pesticidal plants and how it might be 
overcome. However, for small-holder farmers 
who have no alternatives, some effi cacy is better 
than none even if only a moderate reduction in 
damage can be achieved. Optimising effi cacy 
through adaptations of the application based on 
understanding the chemical mechanisms and 
developing processes for their application that 
exploit this knowledge could improve uptake. 
There are key research areas that need attention 
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in the optimization of the use of plants in pest 
control and are discussed later below. 

 The last 10 years has seen an explosion in 
the productivity of entomologists and related 
scientists identifying new plant materials with 
new biological activities against old storage 
insects pests, e.g. Ali et al. ( 2013 ), Padin et al. 
( 2013 ). While this is useful and adds to our ever 
increasing resources of plant materials, the 
majority of these research outcomes do not pro-
vide any chemical basis for the biological 
 activities reported and as such lose much poten-
tial impact. In some cases this is a serious over-
sight but perhaps more often simply indicates 
the limitations of laboratories working in this 
research domain. 

 A chemical comprehension of biological 
activity in pesticidal plants is important because 
chemistry can show extreme variation in plant 
material from the same species (Stevenson et al. 
 2012 ). Consequently it can be a serious limiting 
factor in its effective and reliable use as a pesti-
cide whether in commercialised products or 
simply for crude use by poor farmers (Belmain 
et al.  2012 ). We will discuss how important this 
can be in more detail in subsequent sections of 
this chapter, but it is suffi cient to say that the 
natural variation within populations of plants 
manifests itself in chemical as well as morpho-
logical diversity. One way to control for this is to 
carry out bioassays using plant materials from 
several different locations within the target region 
in fi eld trials compared to a commercial synthetic 
pesticide which can be carried out in different 
locations and indicate the level of variation in 
effi cacy that farmers might expect in plant mate-
rials being tested (Amoabeng et al.  2013 ). 

 A recent review of plant feeding deterrents for 
stored product pests provides a summary of 200 
compounds primarily sesquiterpenes identifi ed to 
date and illustrates the depth of options available 
to researchers of plant pesticides for stored 
products pests (Nawrot and Harmatha  2013 ). 
However, most research published in the last 10 
years does not determine the chemical basis of 
the biological activity, and those that do report 
the identifi cation of chemicals are investigating 
plants for their essential oils (Zhao et al.  2013 ; 

Liu et al.  2012 ). This is likely in many cases 
because target molecules in essential oils research 
can be identifi ed using routine equipment (   Gas 
Chromatography-Mass Spectrometry), and the 
now universal National Institute of Standards and 
Technology (NIST) mass spectrometry library 
can be used to assert a high probability of correct 
identifi cation of many small molecules based on 
their fragmentation pattern from easily sampled 
material. Essential oils are also studied with a 
view to commercialisation since they are 
Generally Regarded as Safe, and so circumvent 
regulatory procedures in North America (Isman 
et al.  2011 ) may perhaps prove to be more com-
mercially viable botanical insecticides than many 
plant pesticides that rely on more intrinsically 
toxic chemicals for their activities. One major 
issue working with essential oils is that where the 
biological activity of plant material is reported to 
be associated with the essential oil content, the 
pure compounds are tested at much higher con-
centrations than occur in the plant and so can be 
misleading about their potential effect in unpro-
cessed plant material. Because the yields of 
essential oils are often very poor from plants, the 
costs of using essential oils at some of the con-
centrations proposed are high for large-scale 
agriculture (Jiang et al.  2012b ). 

 Determining the structures of compounds 
from other main groups of natural products in 
plants that might account for the biological 
activity of plants is otherwise overlooked. This 
may be because the specialised spectroscopic 
instrumentation including LC-MS, Prep HPLC 
and NMR required to isolate and determine 
structures of large and often structurally complex 
molecules is not widely available nor the exper-
tise to use the equipment, where available. This is 
particularly problematic if compounds are new or 
there are no literature data to compare. The con-
sequence is that some of the most interesting new 
plant-based pesticidal discoveries do not advance 
the subject as far as they might have done as we 
do not know what the active components are. 
Another oversight that reduces the value of much 
recent research is that the plant material is not 
always botanically verifi ed by a qualifi ed bota-
nist, and researchers do not deposit specimens in 
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registered herbaria so that the work can be later 
revisited, verifi ed and further studied by future 
researchers who might have access to the material 
tested in the published reports. The importance of 
herbaria is well presented by Funk ( 2004 ). 
Herbarium specimens necessarily require associ-
ated information including locality including the 
country, habitat, altitude, fi eld identifi cation and 
location (including GPS coordinates), date of 
collection and plant description all of which are 
essential information for anyone who might wish 
to use a specimen at later date or inform about the 
research published about the specimen in the fi rst 
place (Bridson and Fornan  2000 ). A specimen 
collected at one time of the year or a specifi c 
location might be chemically and biologically 
different to one collected at another time or 
location. The New York Botanical Garden Index 
Herbariorum provides a list of accredited herbaria 
around the world, and this can be helpful. The 
value of herbarium material cannot be overstated 
and can even provide chemically important and 
reliable material for many decades. For example, 
a study analysing fresh leaf material of  Tetradium 
daniellii  compared extracts with a herbarium 
specimen collected in Yunnan province, China, in 
1917 to verify the material and the chemistry of 
furanocoumarins was almost unchanged after 90 
years (Stevenson et al.  2003 ). 

 Correct identifi cation is critical but not always 
robust.    The authors of this chapter have encoun-
tered many examples of incorrectly identifi ed 
plant material being used in internationally 
funded research. For example, work published 
by Kestenholz et al. ( 2007 ) provided important 
work understanding how  Cassia sophera  
(Leguminosae) could be used in storage protec-
tion against  Sitophilus oryzae,  but the plant 
material when originally sourced was described 
at  Cissus populnea  (Vitaceae), a quite different 
plant. Similarly, Stevenson et al. ( 2012 ) report 
perhaps the most widely used pesticidal plant 
material in Africa,  Tephrosia vogelii , being 
incorrectly identifi ed and promoted for use by 
farmers as  Tephrosia candida  and reported as 
such in numerous scientifi c papers over the past 
20 years that is potentially highly confusing 
(Jama et al.  2008 ; Sileshi et al.  2005 ). 

 Increasingly, the application of organic sol-
vent extracts is considered to adequately provide 
a step towards a better understanding of biologi-
cal activities (Ortiz et al.  2012 ) but in reality does 
not necessarily inform any more than simply 
using powdered plant material and may even con-
fuse our knowledge. More frustratingly some 
recent research indicates ‘phytochemical screen-
ing’ in the title but then actually simply assays 
extracts (Adeniyi et al.  2010 ; Udo  2012 ). 

 There are few reports of plant materials that 
do not work, but this is also important since the 
impression from the literature is that otherwise it 
seems all plants tested have activity (Baoua et al. 
 2012 ), while the majority are focused on labora-
tory bioassays and not on fi eld trials.  

3     Research Priorities 
for Improving Uptake 
and Use of Pesticidal Plants 
for Stored Product Pests 

3.1     Understanding the Chemistry 
of Activity 

 As mentioned earlier, the use of pesticidal plants 
requires a strong understanding of the chemistry 
underlying the biological activities. At the very 
least this will help to understand variability in 
effi cacy as determined by the testing of plants 
from different locations, but for most published 
research, this has been overlooked. This is 
required to enable intelligent enhancement of 
activities by improved application, a stronger 
understanding of the potential toxicities associ-
ated with plant material, improved harvesting 
strategies and potentially identifying new sources 
of chemicals where plants currently used are 
threatened through overharvesting or ecological 
limitations. Abundant plants with similar 
chemistry to a scarce but over harvested species 
could be promoted as an environmentally benign 
alternative. 

 The importance of understanding the chemis-
try is well illustrated by some recent research on 
 Tephrosia vogelii. Tephrosia  Pers. (Leguminosae) 
is a large genus of more than 350 species, many 
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of which have important uses (Schrire  2005 ). 
 Tephrosia vogelii  Hook. f. is one of the best 
known of these species and is widely used in 
Africa (Kamanula et al.  2011 ; Nyirenda et al. 
 2011 ). The species is promoted for its ability to 
enrich soil both through biological nitrogen 
fi xation but also as a green manure (Mafongoya 
and Kuntashula  2005 ; Sileshi et al.  2005 ; 
Sirrine et al.  2010 ) as well as for its pesticidal 
use and fi sh poisoning properties (Burkill  1995 ; 
Neuwinger  2004 ), although the latter application 
is now prohibited. As a consequence, it is culti-
vated widely by farmers on fallow land. 

 Much literature, particularly in unrefereed 
articles and on-line pamphlets, ascribe the bio-
logical activity of the species against storage 
pests to rotenoids and specifi cally to rotenone. 
Much of this is, however, assumed and unsub-
stantiated based on historic research identifying 
components in the plant that show the major rot-
enoids in the leaves are deguelin and rotenone 
(Irvine and Freyre  1959 ). While much ‘grey’ lite-
rature cites rotenoids in the leaves of  Tephrosia  
to be insecticidal against stored product pests, 
surprisingly there is no published work to cor-
roborate this. Indeed the bioactivity of  T. vogelii  
against bruchids and weevils was even reportedly 
 not  associated with rotenoids according to Koona 
and Dorn ( 2005 ) although this was based solely 
on their finding that the biological activity of 
 T. vogelii  was associated with hexane extracts, 
and the authors assumed that hexane would not 
extract rotenoids. 

 Belmain et al. ( 2012 ) have, however, now 
shown categorically that rotenoids are indeed the 
biologically active compounds in the species to 
bruchids but report that rotenone itself plays only 
a relatively minor part in this effect compared to 
the much more abundant compound deguelin 
(Fig.  9.2 ). Interestingly, the structurally related 
rotenoid tephrosin was much less active than 
deguelin despite differing only in one additional 
hydroxylation indicating that not all rotenoids 
have similar activities, so assumptions about 
potential pesticidal effi cacy must be avoided 
without evidence. Two other rotenoids identi-
fi ed in  T. vogelii  (   sarcolobine and toxicarol) 
(Fig.  9.2 ) had similar biological activities to 
deguelin (Stevenson et al.  2012 ). The highest 

concentration of the active compounds is found 
in the leaf which makes it ideal for use since the 
foliage is the most abundant and sustainably 
harvested plant part. Besides this, it is relatively 
easily cultivated so is a species least likely to 
have any environmental impact if wild harvesting 
is not required. It is clear that the potential liveli-
hood impact of this multiple use plant is compel-
ling, and while it is well suited to resource-poor 
farming and is cultivated widely in southern and 
eastern Africa for soil improving qualities and as 
a pesticide, not all farmers reported that  Tephrosia  
was a reliable pest control agent (Nyirenda et al. 
 2011 ). This could be because chemical content of 
leaves varied and so infl uences the pesticidal effi -
cacy of  T. vogelii  since the activity of rotenoids is 
concentration dependent (Fang and Casida  1999 ). 
The occurrence of these compounds did vary dra-
matically among plant material sampled from 13 
different locations in Malawi while deguelin and 
rotenone were in fact absent from approximately 
25 % of sampled material (Stevenson et al.  2012 ). 
Indeed two distinct chemotypes have been pro-
posed – one contains rotenoids which was the 
pesticidal one, while the second did not contain 
rotenoids but instead contained fl avanones and 
fl avones such as obovatin 5- O -methyl ether 
(Fig.  9.2 ), which was not pesticidal. This distinct 
chemical variation within a species likely 
explains the experience of some farmers who 
reported no pesticidal effect and highlights how 
important it is to understand chemistry since this 
enables us to understand why effi cacy varies or is 
lost. Also – as has been the experience of farmers 
in Malawi – promotion of material for which an 
ascribed use is associated or simply presumed 
can seriously backfi re if the material is not veri-
fi ed fi rst.

   This is as true for bioassays as assumptions 
made about chemistry. Earlier work asserting that 
the biological activity of  Tephrosia vogelii  was 
not associated with rotenoids based on an 
assumption that hexane extracts, which were 
active, could not contain rotenoids is misleading 
(Koona and Dorn  2005 ). Indeed, unpublished 
work in our laboratory indicates that hexane does 
extract rotenoids from  T. vogelii  leaves, and so 
rotenoids in this work almost certainly did 
account for the biological activities reported. 
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 The solubility of the compounds from 
 Tephrosia vogelii  raises another important point. 
One of the benefi ts of understanding chemistry of 
activity is that current uses can be better under-
stood and adapted with this new information.    For 
example, some farmers report using  Tephrosia  
extracts as a pesticidal spray but only have access 
to water as an extraction solvent. Rotenoids are 
only sparingly soluble in water and so this pro-
cess is highly ineffi cient. Of course organic sol-
vents are out of the question as they are 
unavailable and expensive and could potentially 
damage plants. Comparative analysis of the 
extraction effi ciency of water carried out by 
Belmain et al. ( 2012 ) compared the extraction 
effi ciencies of methanol with water and showed 
that it extracted 10.0 times as much deguelin as 
water. However, the extraction with Tween 20 
increased the effi ciency of water for rotenoids by 
almost three times using 1 % Tween 20 and by 
near 5 times using 5 % Tween 20. Thus, if farm-
ers use  T. vogelii  extracts to treat grain or grain 
sacks, effi cacy could be improved, and the 
amount of plant material required could be 
reduced by simply incorporating a detergent such 

as liquid soap which might additionally act as a 
surfactant and spreader and further optimise 
application and improve effi ciency. 

 The compounds identifi ed as biologically 
active in some plants have been reported to be 
water soluble such as triterpeneglycosides 
( saponins). These might be more sustainably 
exploited and more effi ciently applied as water 
extracts than the typical application process in 
stored products – powdered plant material. In 
their search for new bioactive plant compounds 
against  Sitophilus oryzae , Taylor et al. ( 2004 ) 
reported saponins from fi eld pea extracts that 
were at least partly responsible for the anti-feed-
ant effects of pea fl our extracts. Elsewhere, sapo-
nins present in  Securidaca longepedunculata  
(Polygalaceae) (Stevenson et al.  2009 ) have also 
been identifi ed as contributing to the long-term 
biological activity of the roots of this species.  S. 
longepedunculata  (African violet tree) is a small 
tree occurring throughout sub-Saharan Africa. 
Farmers reported using the roots of this species 
for stored products in Ghana, and evidence 
indicates that  S. longepedunculata  was effective 
against  Rhyzopertha dominica ,  Callosobruchus 

  Fig. 9.2    The principal rotenoids and fl avanones identifi ed in chemotypes of  Tephrosia vogelii        

 

9 Pesticidal Plants for Stored Product Pests on Small-holder Farms in Africa



158

maculatus ,  Sitophilus zeamais  and  Prostephanus 
truncatus  when compared to  Cassia sophera , 
 Chamaecrista nigricans ,  Mitragyna inermis , 
 Ocimum americanum  and  Synedrella nodifl ora  
which are other species reported in the Northern 
Region of Ghana to be used traditionally for pest 
control in stores (Belmain and Stevenson,  2001 ), 
and this is now supported by laboratory data 
(Jayasekera et al.  2003 ). When evaluating 33 
West African species for toxicity to  C. macula-
tus , Boeke et al. ( 2004a ,  b ) also showed  S. 
longepedunculata  along with  Nicotiana taba-
cum  and  T. vogelii  to reduce F1 progeny of the 
beetles, while  Clausena anisata ,  Dracaena arbo-
rea ,  T. vogelii ,  Momordica charantia  and  Blumea 
aurita  were shown to be repellent. Surprisingly 
this study reported  Azadirachta indica  was attrac-
tive along with  Chamaecrista nigricans  and 
 Hyptis . The roots of  S. longepedunculata  also 
have a characteristic odour of wintergreen, and 
the principal volatile compound in the root was 
shown to be methyl salicylate (Jayasekera et al. 

 2002 ), and this compound was shown to have 
toxic effects against several beetle species 
(Jayasekera et al.  2005 ) and could enhance the 
effects of the saponins reported above. Water-
soluble compounds could be used to reduce the 
amount of plant material required by extracting 
the chemicals and so using plants more effi -
ciently. We conducted a trial on a farm in 
Zambia to determine whether applying  S. longe-
pedunculata  root bark was more effi cient. 
   Farmers reported they needed around half as 
much plant material but also insisted that they 
would never use the method as it was too time 
consuming compared to simply grinding up the 
roots and adding to their grain stores (Zulu and 
Stevenson, unpublished). This highlights another 
important condition of optimising the use of 
plant materials. Any improvement must be tri-
alled and accepted by farmers to have any chance 
of being adopted (Fig.  9.3 ).

   The chemistry of some plants varies according 
to the season, the plant age and location, so 

  Fig. 9.3    Securidacasides 
from roots of  Securidaca 
longepedunculata        
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chemical analysis is essential to determine the 
best time to harvest or for identifying elite 
material for propagation (Sarasan et al.  2011 ). Of 
course the need to use fresh plant material over 
dry might determine harvesting priorities but 
chemical knowledge of the active components 
would certainly optimise harvesting times. The 
ability of many African laboratories to carry out 
this analytical work is limited to a handful of 
institutes. Cooperation through research net-
works is essential to move this area of work 
forward, and expertise and equipment in natural 
product chemistry need to be expanded. 

 Chemical analysis using tandem-linked detec-
tion techniques such as mass spectrometry can 
maximise information acquisition of compounds 
in each plant and can identify many components 
quickly, particularly seasonal variations and 
genotypic differences between specimens of a 
single species to better understand the potential 
variation in effi cacy. These techniques can also 
be used to authenticate specimens before promot-
ing widely. While these facilities are beyond the 
reach of many research institutes, many materials 
could be authenticated by less costly techniques 
such as thin layer chromatography.  

3.2     Understanding the Target Pest 

 As with ensuring correct identifi cation of plant 
material, it is important to ensure that the insects 
on which a biopesticide or potentially effi cacious 
plant preparation is being tested really are the 
species they are supposed to be. Although in 
many cases, similar insects (e.g.  Sitophilus zea-
mais  and  S. oryzae ) will mostly respond similarly 
to biopesticides, subtle differences in ecological 
niches between species can result in differential 
behavioural or physiological responses to control 
measures. For example, Champ and Cribb ( 1965 ) 
found that  S. oryzae  was more susceptible to the 
insecticide diazinon and ronnel than  S. zeamais , 
and  S. zeamais  is also more resistant to low tem-
peratures than  S. oryzae  (Nakakita and Ikenaga 
 1997 ). It follows that testing of plant-derived 
pesticidal products may show similar susceptibi-
lity differences between closely related species. 

 Understanding the biology of the pest is key to 
understanding how to control it. In the case of stor-
age pests, the insect species predate human agri-
culture and grain or legume storage in man- made 
structures, so the insect’s ecology before that will 
provide keys to management strategies. For 
example, some cereal pests such as  Prostephanus 
truncatus  and  Rhyzopertha dominica  were origi-
nally wood-boring beetles which adapted to 
exploit grain stores, so their responses to odours 
have more in common with other wood-borers 
(e.g. no innate response to cereal odours (Fadamiro 
et al.  1998 ; Nguyen et al.  2008 )). 

 It is easy to look at a sack of infested grain, 
legumes or other stored product and see only a 
mass of insects to be tackled in bulk, and indeed 
this is the approach taken in many studies. 
However, when devising control strategies it is 
more helpful to visualise the population as a col-
lection of  individuals , some male, some female, 
all at different life stages, and thus not all 
responding identically. They interact with one 
another but also behave independently – and 
diversely – in response to some cues. This is 
especially true in terms of behavioural syndromes 
associated with responses to odours, and odour- 
based repellency can be a key component of 
effectiveness for some pesticidal plants. It is well 
known that males and females of many insect 
species exhibit differential responses to sex pher-
omones; this has been observed in many groups 
of insects, including moths (Matsumoto and 
Hildebrand  1981 ) (though see Palanaswamy and 
Seabrook ( 1978 )), beetles (Ukeh et al.  2008 ), 
Hemiptera (Ondarza et al.  1986 ; Manrique and 
Lazzari  1995 ) and braconid wasps (Kimani and 
Overholt  1995 ). However, equally, males and 
females do not always respond the same way 
to aggregation pheromones (Byers  1983 ; 
Walgenbach et al.  1983 ; Ondarza et al.  1986 ) or 
odours associated with host material (e.g. fresh 
plant matter, cereals, mammal odours). Sex dif-
ferences in responses to host material have been 
recorded across the Insecta, in moths (Hansson 
et al.  1989 ), parasitoid wasps (Bouchard and 
Cloutier  1985 ), Hemiptera (Chinta et al.  1994 ; 
Wenninger et al.  2009 ), beetles (Zhu et al.  1999 ; 
Ukeh et al.  2008 ), tsetse (Otter et al.  1991 ), etc. 

9 Pesticidal Plants for Stored Product Pests on Small-holder Farms in Africa



160

Sometimes this is related to differences in life-
style habits between the sexes, for example, if the 
females seek host material for oviposition rather 
than personal consumption or in species where 
the female requires a blood meal, but it can also 
occur in species where both sexes feed on the 
same material. Consequently, bioassays testing 
unsexed individuals run the risk of assuming that 
males and females are controlled equally well 
without actually proving this to be the case. 

 Recent research has found differences in male 
and female responses of the cowpea weevil, 
 Callosobruchus maculatus , to both host odours 
and the plant-derived repellent, methyl salicylate 
(Arnold et al.  2012 ). Females showed a signifi -
cantly stronger preference than males for infested 
cowpea material (Fig.  9.4 ). These fi ndings make 
evolutionary sense as females must seek safe host 
material for their offspring to consume during 
development and therefore are under pressure to 
use olfactory cues to aid this process. Males, 
conversely, seek virgin females and so have no 
particular reason to seek out uninfested cowpea as 
adults; however, they may target heavily infested 
material as virgin females may emerge from it.

   Differential responses to the plant-derived 
repellent methyl salicylate are also apparent in the 
fi ndings, with older, inactive-morph females 
repelled by methyl salicylate but weaker responses 
from some other subgroups of  C. maculatus . As 
methyl salicylate is an active component of pesti-
cidal plants such as  Securidaca longepeduncu-
lata,  etc., the fi nding that it is not equally reliable 
as a repellent of male and female  C. maculatus  is a 
notable one and should be taken into account when 
devising application strategies. 

 However, it is not just the sex of an insect that 
can determine its odour-mediated responses. 
Several insect species are dimorphic, with 
morphs better adapted for static breeding or for 
dispersal – this is particularly common in aphids 
(alate and apterous morphs) and also bruchid 
beetles (in which the morphs are termed ‘active’ 
and ‘inactive’ or ‘fl ight’ and ‘fl ightless’, etc.). 
Jaba et al. ( 2010 ) found responses of  Aphis crac-
civora  alates were higher to odours of fresh cow-
pea but lower to odours of  Lablab dolichos  
compared with the responses of apterous indi-

viduals (Jaba et al.  2010 ). Equally, different sen-
sory physiology has been observed in solitary 
and gregarious locusts, with a physical change in 
the numbers of sensilla on antennae when they 
switch morphs (Greenwood and Chapman  1984 ). 

  C. maculatus  has both an ‘inactive’ morph, 
which is virtually fl ightless and short-lived, but 
the females have high fecundity, and an ‘active’ 
morph, which can fl y and has a longer lifespan, 
but has limited fecundity (Caswell  1960 ; Utida 
 1972 ). Production typically switches to the active 
morph in response to extremes of temperature, 
photoperiod or humidity, degradation of the lar-
val host material or overcrowding (Messina and 
Renwick  1985 ; Utida  1972 ). While both forms 
can potentially be the source of an infestation, it 
is typically expected that the active form will 
infest beans still in the fi eld by fl ying in, whereas 
the inactive form is more likely to be introduced 
on infested material or emerge later from beans 
infested in the fi eld. In spite of this, many labora-
tory tests on this species do not differentiate the 
morphs (and some long-term lab cultures are 
believed to produce only active morph adults). 
The differences in their typical lifestyles suggest 
that it might be expected that the morphs would 
respond differentially to host odours. Arnold 
et al. ( 2012 ), confi rmed this, discovering that 
morph interacted with age as a factor to affect 
preferences for host odours and that inactive indi-
viduals were more attracted to dried cowpea than 
were the active morph individuals (Fig.  9.5 ). 
What is less easily anticipated but also extremely 
relevant for control based in part on repellency is 
that we found a similar differential response 
between morphs to the repellent odour, methyl 
salicylate. In their four-arm olfactometer experi-
ment, the inactive morph was strongly repelled by 
the odour, whereas the active morph was indiffe-
rent (Fig.  9.6 ). This means that control strategies 
based upon the repellent properties of methyl 
salicylate or plant material containing it are best 
deployed to target the inactive morph, for example, 
within the stores and at ground level, and other 
methods may be required to ensure control of the 
active morph in fi elds and above-ground.

    Further work also showed that sensitivity to 
odours can change depending on the age of the 
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insect, and therefore older as well as newly 
emerged individuals should always be tested 
when evaluating the effectiveness of a repellent 
or bait in order to ensure that acclimation to an 
odour does not occur. Furthermore, it is worth-
while comparing a variety of strains of the pest 
insect to evaluate whether behavioural and 
physiological susceptibility to a biopesticide is 
 consistent for all subpopulations within the spe-
cies or whether it is variable. Given the capacity 
of various stored product pests to evolve insecti-
cide resistance (Champ and Cribb  1965 ; Champ 
and Dyte  1976 ; Collins et al.  1993 ), the possibil-
ity of some strains eventually evolving either 
physiological resistance or behavioural tolerance 
to biopesticides or plant-based repellents is not 
unthinkable. Characterising interstrain sensitivity 
to biopesticides will permit geographical optimi-
sation of application of the plant material – as a 
hypothetical example, there would be little point 

promoting neem for control of  P. truncatus  in 
India if only the African strain of the insect were 
proven susceptible. This can equally apply to 
plant-derived repellents and deterrents: different 
strains of mosquitoes have been found to show 
diverse levels of repellency when exposed to 
diethyl toluamide (DEET) (Rutledge et al.  1978 ), 
so we may see strains of insect for which some 
ordinarily effective plant volatiles or essential 
oils are simply not deterrent, and it may be short- 
sighted to assume geographical homogeneity in 
odour responses. 

 Finally, behavioural responses can also be 
determined by aspects of physiological status. 
Malaria-infected mosquitoes have been shown to 
be more responsive to host odours (Smallegange 
et al.  2013 ), and likewise, feeding and parity sta-
tus have been shown to affect both their attraction 
to host odours (Klowden et al.  1996 ) and their 
repellency responses to pyrethroid insecticides 

  Fig. 9.4    Preferences of 
female and male 
 Callosobruchus maculatus  
for insect-infested and 
uninfested cowpea 
material, tested in a 
four-arm olfactometer. 
25 % indicates no 
preference (Data from 
Arnold et al. ( 2012 ))       

  Fig. 9.5    Time spent in the presence of host (cowpea) and 
control (clean air) odours by inactive and active morph 
individuals of  C. maculatus  in a four-arm olfactometer 
with two arms containing host odours and two arms con-
trol odours. 50 % indicates no preference       

  Fig. 9.6    Responses of active and inactive morphs of  C. 
maculatus  to the odour of 1 mg/ml methyl salicylate ver-
sus host odours in an olfactometer experiment. 25 % indi-
cates no preference       
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(Chareonviriyaphap et al.  2006 ). Mated and 
unmated individuals of several insect species 
(Mechaber et al.  2002 ; Wenninger et al.  2009 ) 
likewise have been shown to exhibit differential 
responses to odours. This includes the stored 
product pest  Tribolium castaneum  – in one study 
(Fedina and Lewis  2007 ), unmated individuals 
consistently responded more strongly to a lure 
based on synthetic aggregation pheromone than 
did mated individuals. Feeding status also infl u-
enced their olfactory responses. Various bruchids 
(Leroy et al.  1999 ) are found to have changes in 
olfactory sensitivity according to mating status, 
and furthermore, there were found to be annual 
cycles in the beetles’ responses to host odours. It 
is therefore advisable to take into account possi-
ble effects of mating status, for example, by test-
ing both mated and virgin individuals, and of 
feeding status by rearing all insects on consistent 
medium and controlling for the period of starva-
tion before testing. 

 Mass-testing protocols have their value: they 
allow a large number of insects to be tested in a 
short space of time and, under some circum-
stances, including the conspecifi c interactions 
may be a more accurate refl ection of insect 
behaviour in the fi eld. However, it is not always 
so simple. If, within a species, thresholds for 
responding to an attractive odour vary, are those 
100 insects all sitting in the area of odour because 
they are all attracted to the test odour, or did only 
one of them truly respond to the test odour and 
the rest simply fl ocked to be close to their con-
specifi c, as a result of aggregation pheromone or 
otherwise? This would have implications for 
trapping, as a lure to which only 1 % of insects 
respond, would be of limited use. One could 
argue that if the other insects follow the fi rst into 
the trap, it does not matter what they are follow-
ing, but what if the fi rst insect dies and then lacks 
the attractiveness, so the remaining 99 % do not 
respond at all? Consistent individual responses 
may be a more reliable clue to the effectiveness 
of a strategy in many cases. Although time con-
suming, when testing individual insects the qual-
ity of the data will be higher, and it is possible to 
control for multiple factors (age, sex, strain, 
morph, mating status). 

 Care must be taken when performing labora-
tory evaluations of the pests’ responses to odours 
using some items of equipment. It is easy to pre-
dict that when an insect is presented with an air-
stream containing an attractive odour, the insect 
will walk or fl y upstream towards the odour 
source. However, how will the same insect react 
if the odour is aversive, such as repellent pesti-
cidal plant material? Will it simply stop walk-
ing? Will it move perpendicular to the direction 
of airfl ow? Will it turn around and fl y down-
stream? The unpredictability of these responses 
makes it hard to use some pieces of equipment 
to investigate repellent odours. An example is 
the locomotion compensator. While  S. zeamais  
shows clear aversion to methyl salicylate in the 
four-arm olfactometer (Jayasekera et al.  2005 ) 
and clear attraction to maize odours in both the 
olfactometer (Fig.  9.7 ) (Ukeh et al.  2010 ,  2012 ) 
and on a locomotion compensator (Fig.  9.8a ), it 
does not respond at all to methyl salicylate on 
the same piece of equipment (Fig.  9.8b ). 
Similarly, in a Y-tube olfactometer, while if one 
arm is attractive and the other a blank control, it 
can be assumed that most insects will fairly reli-
ably walk up towards the fork in the tube and 
then make a decision, ordinarily turning towards 
the attractive odour; what if one of the arms has 
a repellent odour? In that case, the repellent 
odour is drawn through the ‘error’ arm, but then 
onwards through the approach arm, so even at 
the start of the experiment when the insect is in 
the approach arm, unless it is established that 
airfl ow is perfectly laminar, it is receiving a 
stream of air tainted with a repellent odour. 
Why, then, should we expect it to meekly walk 
into this repellent odour stream all the way to 
the decision point at which the olfactometer 
branches before deciding to turn away from the 
scent?

3.3         Safety of Use of Pesticidal 
Plants 

 Natural does not necessarily equal safe, despite 
frequent implication of this in the modern com-
prehension of ‘healthy’. Some plants are, in fact, 
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extremely toxic, such as  Taxus  spp.,  Aconitum  
spp. and, perhaps most notorious of all,  Ricinus 
communis  (Bonnici et al.  2010 ; Hernandez et al. 
 2010 ; Kuca and Pohanka  2010 ; Kolev et al. 
 1996 ). Plant materials used as pesticides are 
toxic, at least to insects, so safe use is particularly 
important in this respect as they are used to treat 
stored foods when used to control storage pest 
insects. Yet inadequate work has been published 
internationally on the vertebrate toxicity of 
African pesticidal plants. This may be because 
the costs of commercialising pesticidal plants are 
prohibitive, so there are no requirements to test 
them offi cially. Some commonly found plants 
used by farmers in Ghana have been shown to 
affect mammalian growth and development 
(Belmain et al.  2001 ). 

 Some plants consumed as an ingredient in 
food and drinks indicate a degree of safety and 
are the basis for the promotion of essential oil 
products in North America (Isman  2006 ). 
However, even where plants are used as food or 
drink, they may still show some toxicity.  Lippia 
javanica,  for example, is a popular treatment for 
fever in Southern Africa where it is drunk as a 
green tea. This species also showed acute oral 
toxicity in mice at very high concentrations 
(Madzimure et al.  2011 ). Nyahangare et al. 
( 2012 ) also evaluated toxicity associated with 
 Strychnos spinosa  and  Bobgunnia madagas-
cariensis  fruits and the foliage of  Vernonia amyg-
dalina  and  Cissus quadrangularis  and found the 

fi rst two to be toxic when administered at high 
doses but the latter two much less so. 

 Plants are typically applied as pesticides using 
amounts that present toxic components at low 
levels and so rarely pose any signifi cant acute 
toxicity to users (Isman  2008 ) even when this is 
intended (Chesneau et al.  2009 ). Belmain et al. 
( 2012 ) report that to suffer a lethal dose from 
consuming  Tephrosia vogelii,  a fully grown man 
would need to consume between 2 and 20 kg of 
dried leaf at one sitting. 

 Postharvest insect pest control in small-holder 
farming in Africa relies primarily on pirimiphos- 
methyl, an organophosphate that targets anti-
cholinesterase. Where pest complexes include 
 Prostephanus truncatus , the larger grain borer, 

  Fig. 9.7    Responses of  Sitophilus zeamais  to maize 
odours in a 4-arm olfactometer (2 arms with odour, 2 arms 
with clean air only; 50 % indicates no preference)       

  Fig. 9.8    Responses by two groups of  S. zeamais  to ( a ) 
maize odours and ( b ) methyl salicylate on a locomotion 
compensator, showing the distance walked by individuals 
towards the odour source either in the absence or presence 
of the odour       
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pirimiphos-methyl is combined with permethrin 
(Sekyembe et al.  1993 ). Safety sheets for Actellic 
EC50 (pirimiphos-methyl) indicate moderate 
toxicity to mammals and extreme toxicity to 
aquatic invertebrates and are highly toxic to algae 
and fi sh (Syngenta  2006 ). Thus, fears over the 
toxicity of plant species like  Tephrosia vogelii  
that are very popular alternatives to pesticides in 
southeastern Africa (Kamanula et al.  2011 ; 
Nyirenda et al.  2011 ), but have known toxicity to 
fi sh, are perhaps over cautious. A no cost but 
effective plant-based alternative should be con-
sidered a viable option for very poor farmers, but 
without commercialisation – which is unlikely in 
the current climate (Sola et al.  2013 ) – the wide- 
scale uptake seems unlikely. The best approach 
could be through the development of better prop-
agation protocols and widespread cultivation. 

 A possible solution may be to develop ways to 
apply pesticidal plants that minimise their contact 
with the actual foodstuff, either by layering the 
plant and the food alternately or by applying the 
plant to the container or cover, rather than mixing 
it into the food itself. Novel strategies for appli-
cation or methods of synergising more and less 
toxic plants to ensure continued effi cacy with low 
risk are promising directions for future research.  

3.4     Sustainable Harvesting 
and Local Production 
of Pesticidal Plants 

 Demand for some plants – particularly medicinal 
species – is outstripping supply, driven largely by 
the fact that, even today, over 80 % of the world’s 
population are dependent upon medicinal plants 
for at least part of their healthcare (Harnischfeger 
 2000 ; Shackleton et al.  2005 ). Overgrazing, con-
version to farmland and bush fi res also reduce 
potentially productive land for harvesting useful 
plants from the wild. The use of pesticidal plants, 
which typically requires very much larger quanti-
ties of material than medicinal uses, when col-
lected from the wild is only sustainable if small 
numbers of people use the plant or if the plant is 
abundant and ubiquitous or propagated easily. 
Access to suffi cient material is perhaps the 

greatest constraint to wider uptake of pesticidal 
plant technologies among farmers; thus, ways to 
propagate and cultivate plant material will 
address this gap. If knowledge about effi cacy can 
be determined and provenance selected based on 
chemical analysis, then propagated material can 
also be provided with a greater expectation of 
consistency in effi cacy – so overcoming one the 
other major hurdles to wider uptake (Sarasan 
et al.  2011 ). Surprisingly little research is invested 
in aspects of propagation for pesticidal plants, 
with the exception of Pyrethrum, and this is 
largely for processing the active ingredient. 
However, medicinal plants and ornamental spe-
cies are well studied to improve propagation 
(Gupta et al.  2012 ; Pijut et al.  2012 ), provide a 
greater pool of knowledge and be sourced for 
useful information where a species may provide 
pesticidal as well as ornamental or medicinal 
properties. 

 Propagation of medicinal plants is not always 
straightforward since conditions for successful 
germination vary considerably among species, 
and seeds may need some ecological hardship to 
induce germination such as long periods of dry 
weather or fi re, in which cases artifi cial mecha-
nisms may need to be used to overcome this – 
such as cutting the seed testa. Recent work has 
shown that some species can be propagated from 
seeds which could be important to establish 
large-scale cultivation of importantly pesticidal 
plants, particularly the tree species  Securidaca 
longepedunculata  and  Bobgunnia madagas-
cariensis  (Thokozani et al.  2011 ; Zulu et al.  2011 ). 
Informed timing of seed collections is required 
and knowledge about seed drying, storage and 
germination are also important considerations. 

 In many cases, the part of the plant collected 
makes the technology highly unsuited to sustain-
able ecosystem management – for example, 
roots, bark, seeds or entire plants (Belmain and 
Stevenson  2001 ; Stoll  2000 ). Harvesting root 
bark, which may be as a consequence of follow-
ing a scientifi cally unvalidated tradition, will 
likely kill the plant. Some research may identify 
active compounds in other plant parts such as the 
stem bark, which could be harvested more sus-
tainably. Modifi ed root harvesting such as only 
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taking lateral roots could reduce the impacts on 
abundance. Harvesting times can be important 
too. The chemistry of plants varies according to 
location and season (Stevenson et al.  2012 ; 
Belmain et al.  2012 ), and, since their effi cacy as 
pest control agents depends on these variable 
chemistries, harvesting times can be crucial in 
optimising their effi cacy. 

 Some plants produce the secondary metabo-
lites that account for their pesticidal activity only 
when subjected to biotic or abiotic stressors, and 
this has not been investigated for many indige-
nous pesticidal plants. As an example from wider 
research,  Nicotiana attenuata  produces trypsin 
protease inhibitors to protect against insect 
attack, but only at high levels in its vegetative tis-
sues when attacked by herbivores (Dinh et al. 
 2013 ; Skibbe et al.  2008 ). Knocking out the 
genes involved in inducing this defence leads to 
extreme vulnerability to pest attack. Such induc-
ible defences allow the plant to save energy, as 
production of secondary metabolites is costly, so 
breeding a pesticidal plant for constitutive expres-
sion of the compounds in such cases may result 
in less vigorous plants. In other cases, the induc-
tion of production of active ingredient may be 
initiated by an abiotic stressor such as drought or 
photoperiod change (Ramakrishna and 
Ravishankar  2011 ). 

 If propagation can be established for species, 
then marketing plants as an income-generating 
opportunity for small-scale farmers may be a 
realistic ambition (Sarasan et al.  2011 ) while 
developing a way to upscale and promote a tech-
nology (Moyo et al.  2011 ). Technology outreach 
is limited by funding typically of short projects. 
If sustainable promotion can be driven by the 
incentive of income generation and a formalisa-
tion of pesticidal plant use for agricultural pest 
management in Africa, then the chance of wider 
uptake is increased (Grzywacz et al.  2014 ), par-
ticularly if government and non-governmental 
organisations continue to promote the use of wild 
plants. Demand for pesticidal plants will con-
tinue to grow, which can only realistically be met 
through their cultivation and marketing (Sola 
et al.  2013 ). The limitations of regulatory proce-
dures could be the undoing of any potential pesti-

cidal plants as commercial products other than 
for those already established such as Pyrethrum. 
The regulatory processes are prohibitively expen-
sive for small- and even medium-scale facilities 
and require any pesticidal product to satisfy the 
same level of interrogation regarding effi cacy, 
toxicity and environmental hazard as synthetic 
products. This is, of course, right but the costs of 
producing most of the information are prohibitive 
and will continue to hold back wide-scale uptake. 
Conversely, the sale of herbal remedies in South 
Africa which are in many cases materials pre-
scribed for oral consumption is unregulated, 
whereas a plant sold as a pest control product 
needs to be registered.   

4     Pesticidal Plants for Stored 
Products in Southern Africa: 
Recent Developments 
for Selected Pesticidal Plants 

 Our recent work has combined surveys 
(Kamanula et al.  2011 ; Nyirenda et al.  2011 ) and 
databases (e.g.   http://epic.kew.org    ) and has iden-
tifi ed pesticidal plants of value as indicated by 
farmers themselves with interest particularly in 
Caesalpinioid (Miombo) woodlands. This list is 
not intended to be comprehensive but updates the 
research on some of the many species of interest 
in stored products protection while illustrating 
issues of importance to all pesticidal plant spe-
cies. Some of the species reported by farmers are 
not supported by literature and so present new 
research opportunities. Having said that, there is 
an increasing argument towards better use of 
what we already have rather than investing time 
in evaluating more and more new material. 

 For example, farmers have reported to the 
authors (Stevenson, P. unpublished) that 
 Euphorbia tirucalli , is effective against stored 
product pests and this activity is widely known 
among farmers in southern Africa. However, the 
scientifi c literature only reports activity in this 
plant against two species of mosquitoes 
(Rahuman et al.  2008 ; Yadav et al.  2002 ) suggest-
ing that its potential to be use against storage 
pest insects has been overlooked by the research 
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scientists. The latex of this species has potent 
skin irritant properties (Kinghorn  1978 ) which 
may be associated with the plant’s activity and in 
practice may also dissuade use. Elsewhere,  Aloe 
ferox,  is reportedly burned and the leaf ash used 
to treat stored grain in Zimbabwe and Zambia 
(Phosiso Sola, Pers Comm.), but there is no evi-
dence to support the effi cacy of this use.    Another 
species reportedly used for stored product pest 
control is  Solanum incanum  but only recently has 
any evidence to support activity against arthro-
pods published. Nyahangare et al. ( 2013 ) reports 
that the plant has biological activity against cattle 
ticks in fi eld trials which show a potentially 
promising opportunity, but the species is also 
identifi ed as potentially toxic to mammals 
(Nyahangare et al.  2012 ). 

 Many species reportedly used among farmers 
include non-native species such as  Cymbopogon 
nardus  and  C. citratus  and neem ( Azadirachta 
indica ). These species are some of the most 
well- studied species in the literature for their anti- 
insect activities and still provide research out-
comes today (Chebet et al.  2013 ; Jiang et al. 
 2012a ).  A. indica,  however, provides an important 
lesson in promotion of plant materials for pesti-
cidal use. Most farmers we have encountered who 
report using neem use leaves presumably because 
the leaves are easily available and around all the 
time. But they are very low in their bioactive com-
ponents (Koul and Dhaliwal  2004 ). Furthermore, 
in some highland regions of Southern Africa, the 
climate is too cold to allow fl owering in this spe-
cies  Azadirachta indica ; thus, the trees do not pro-
duce seeds (kernels) where the greatest quantities 
and diversity of pesticidal and deterrent com-
pounds can be found.  Lantana camara  is another 
exotic species which is popular in some parts of 
Africa, e.g. Kenya and Algeria (Chebet et al. 
 2013 ; Zoubiri and Baaliouamer  2012 ). However, 
this plant does not appear to be used in Miombo 
regions of Southern Africa where it is considered 
highly invasive and receives high priority for local 
eradication programmes. Perhaps its use more 
widely could help control its spread by giving 
farmers a reason to harvest the plants. 

 Powders and essential oils of  Cinnamomum 
camphora ,  Ocimum basilicum  and  Chenopodium 
ambrosioides  and seeds of  Pimpinella anisum  

were shown to be insecticidal against  Tribolium 
granarium  and  T. castaneum  (Nenaah and Ibrahim 
 2011 ), while Chu et al. ( 2011 ) have reported 
fumigant activity of  Chenopodium ambrosioides  
L. against  Sitophilus zeamais  and further report 
fi ve compounds ((Z)-ascaridole, 2-carene,rho-
cymene, isoascaridole and alpha- terpinene) of 
which (Z)-ascaridole recorded a LD50 against  S. 
zeamais  adults of 0.84 mg L −1  air with contact 
toxicity of 0.86 μg g −1  body. This species is easily 
propagated and as the active compounds are vola-
tile (ascaridole) despite their being toxic should 
be easily evaporated from commodities and there-
fore pose little risk to consumers. However, appli-
cators may need to take care. 

  Neorautanenia mitis  (Leguminosae) is related 
chemically to  Derris ,  Lonchocarpus  and 
 Tephrosia  spp. The large underground tuber, 
which can weigh tens of kilos, has high concen-
trations of rotenoids, isofl avones and pterocar-
pans (Sakurai et al.  2006 ) and is relatively easy to 
propagate, thus like  Tephrosia  is conducive to 
cultivation by farmers. The principal active com-
ponent is rotenone (Stevenson PC unpublished) 
although earlier studies have identifi ed a variety 
of pterocarpans with potential antifungal activity 
(Sakurai et al.  2006 ) and earlier still reporting 
neotenone as the principal isofl avonoid compo-
nent (Vanpuyvelde et al.  1987 ). Rotenone is well 
studied and there is much safety data on this 
compound, so in theory  N. mitis  is a good candi-
date for commercialisation.  N. mitis  roots are 
effective against a wide range of insects includ-
ing the important mosquito species  Anopheles 
gambiae  and  C. quinquefasciatus  mosquitoes, 
with activities comparable to deltamethrin and 
cypermethrin (Joseph et al.  2004 ). It is therefore 
surprisingly underutilised in pest control. Chimbe 
and Galley ( 1996 ) reported the petroleum extract 
of the plant material against  Sitophilus oryzae  
and  Prostephanus truncatus,  but it was less effec-
tive than  Dicoma sessilifl ora . Rotenoids are soluble 
in this solvent so probably account for the activity. 

  Bobgunnia madagascariensis  (Leguminosae) 
is reportedly used for protection of stored prod-
ucts from beetles in Zambia and other parts of 
Southern Africa. There is little scientifi c evidence 
to support this, however, despite convincing evi-
dence for its effects against molluscs (Borel and 
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Hostettmann  1987 ; Kone et al.  2004 ; Marston 
et al.  1993 ).    Elsewhere ethyl acetate extracts of 
the pods were effective against whitefl ies and 
mosquitoes (Georges et al.  2008 ; Minjas and 
Sarda  1986 ), while its anti-feedant and toxic 
effects are reported against  Heliothine  moth lar-
vae showed and repellent to termites (Crombie 
et al.  1971 ). The activity is most likely caused by 
the presence of saponins which occur in the pods 
and bark (Marston et al.  1993 ; Stevenson et al. 
 2010 ) since the only other components found 
in the pods are highly glycosylated fl avonoids 
which are not biologically active to insects 
(Stevenson et al.  2010 ). The presence of these 
saponins, however, does vary between locations 
or provenance; thus, elite materials are required 
for propagation (Sarasan et al.  2011 ). 

 The genus  Lippia  (Lamiaceae) is used as a 
medicinal tea against the symptoms of fever, fl u 
and cold (Viljoen et al.  2005 ). Because this oral 
use suggests a low acute toxicity to mammals this 
species is likely to be a good material for upscal-
ing. Madzimure et al. ( 2011 ) reported its activity 
against cattle ticks, while repellency to mosqui-
toes has been reported (Lukwa et al.  2009 ; Omolo 
et al.  2004 ). The repellency was reported to be 
due to essential oils including perillyl alcohol, 
cis-verbenol, cis-carveol, geraniol, citronellal, 
perillaldehyde and caryophyllene oxide. Several 
related species are also known to be effective. For 
example,  Lippia alba  has been reported to be a 
potent deterrent to  Tribolium castaneum  with 
benzyl benzoate, β-myrcene and carvone reported 
to be responsible for the effects (Caballero- 
Gallardo et al.  2011 ).  

5     Conclusion 

 Pesticidal plants offer a traditional and economi-
cally viable and effective alternative to pesticides 
for the control of insect pests in stored products. 
Much research in the last decade has increased 
our knowledge about new materials and some 
details about mechanisms of activity, and this 
work should focus on fewer effective species to 
develop improved use. However, to enable the 
uptake and facilitate wide adoption, several 
aspects of the sector need to be developed. An 

evaluation of science and technology policies 
towards pesticidal plants needs to be conducted 
through multi-stakeholder networks on pesticidal 
plants. This should provide clear policy guide-
lines outlining opportunities and hurdles to 
upscaling the use of optimised pesticidal plant 
technologies in stored products. 

 Sustainable production of plant pesticides 
through commercialised propagation and culti-
vation needs promotion and scientifi c support 
particularly with the selection of elite propagat-
ing material.    Scientists and nursery growers need 
to be trained in propagation and innovative appli-
cation protocols for indigenous pesticidal trees 
and shrubs while optimising chemical consis-
tency for established species such as Pyrethrum. 
Harvesting protocols and optimised preparations 
are required with clear guidelines on which 
insects certain plants are effective against. 
Without strong guidance, assumptions about effi -
cacies can lead to ineffective use. 

 Science and technology innovations for safer 
and more effective application of pesticidal plants 
need to be developed and promoted to farmers. 
Elite materials need to be identifi ed through ana-
lysis and biological evaluations, while applica-
tion procedures need to be developed and 
promoted to farmers along with safe handling 
guidance. Finally scientifi c networks need to 
work together to ensure that as broad a skill base 
is in place to drive the research forward. 

 Pesticidal plants have been an important part 
of traditional pest management practice by farm-
ers in Africa. We believe they should remain so 
and be made available as widely as possible. To 
ensure a future for pesticidal plants, the many 
bottlenecks need to be addressed by the scientifi c 
community, policy makers and institutions 
involved in research and implementation.    Better 
information is needed to explain how plants 
work, which pests are appropriate targets and 
how variability may be overcome with respect to 
season, locality or variety and best practice for 
harvesting and application. Furthermore, scien-
tists need to engage with policy makers to tackle 
conservation issues.    If African Governments 
wish to see the widespread use of pesticidal 
plants, they need to be encouraged through pol-
icy. A strong future for indigenous knowledge 
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and use of pesticidal plants in Africa will need 
policy changes to be made to current regulatory 
frameworks. Scientists and policy makers must 
work together for safety and to develop simple 
reasonably priced regulation, particularly for 
plants already being widely used. Improving our 
knowledge on variability of effi cacy, conserva-
tion and regulation remains the big challenge, but 
we are sure this will increase farmer use and ulti-
mately improve livelihoods through improved 
food security.     
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    Abstract  

  The ‘green’ agriculture through better ecological approaches in pest manage-
ment is the stimulus for further research in alternate pesticides molecules 
barring synthetic ones, which led to increased search in plant sources. 
Among several options, neem,  Azadirachta indica , has emerged as pinnacle 
of plant origin pesticides. Undoubtedly, the use of neem and its products in 
agriculture are increasing day by day, but its safety to the environment is 
always questioned. This review focuses on the biological activity of the plant 
origin insecticides on entomophages (parasitoids and predators), honeybees 
and the environment and    provides ways and means to use them in inte-
grated pest management. In general, the plant- derived pesticides, although 
effective against insect pests of agricultural importance, spare the benefi cial 
fauna comparative to synthetic pesticide because of their capacities of 
biodegradable nature and innate low mammalian toxicity. Although some 
plant-derived products either in crude or in formulation showed slight to 
moderate ill effects to benefi cial fauna including parasitoids, predators and 
honeybees during the application may greatly reduce the risk. No residual/
persistent toxicity of neem or other botanical pesticides    in the environment 
has so far been reported. In the context of organic agriculture, plant origin 
pesticides especially the neem-derived extracts/formulations and other bio-
control agents are the befi tting components to reduce the input costs and 
environmental risks posed by the synthetic chemical pesticides.  
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1         Introduction 

 Entomophages, namely, parasitoids and predators, 
are natural enemies of insect pests in agroecosys-
tems. Most insecticides used to protect the culti-
vated crops are relatively broad spectrum, killing 
the target insect pests and the non-target benefi -
cial insects as well. But substances derived from 
plant resources have been generally considered 
safe compared to synthetic chemical insecti-
cides. All the same, not all substances derived 
from plant resources are always safe. Sometimes 
adverse effects are also produced. Safety aspect 
of plant-derived substances is very important 
since there are many benefi cial insects which 
contribute immensely for crop productivity and 
agricultural sustainability (Schmutterer  1992 ; 
Koul et al.  2004 ;    Raguraman  2009 ; Isman  2013 ). 
Different kinds of parasitoids and predators 
play a very important role in natural control of 
insect pests. Many kinds of pollinators contribute 
to cross-fertilization of plants. Hence, it is 
important to protect all these from any harm. 
Conservation of benefi cial insects is achieved by 
modifi cation in insect control practices that allow 
benefi cial insects to survive and promote their 
potential to suppress insect pests. This review 
focuses the impact and safety of plant origin 
insecticides to parasitoids and predators both in 
laboratory and fi eld studies and envisages the 
strategies and application methods to achieve 
better pest management. For easy reading and 
documenting by the researchers, the plants are 
discussed alphabetically by scientifi c names 
under effects on parasitoids, predators, honey-
bees and environment.  

2     Effect on Egg Parasitoids 

 Aqueous extract of  Acorus calamus  was reported 
to be safe to  Trichogramma japonicum  (Burman 
et al.  2003 ).    With reference to neem,  Azadirachta 
indica , as early as 1982, the side effects on egg 
parasitoids were studied in India by Joshi et al. 
( 1982 ). They reported that 2 % of neem seed 
kernel extract (NSKE) applied on the egg masses 

of  Spodoptera litura did  not repel the egg parasit-
oid,  Telenomus remus . When the treatment was 
carried out of pre-oviposition of the parasitoid, 
the emergence of adult parasitoids was normal, 
but their duration of life was shorter than that of 
controls. On the other hand, spraying NSKE after 
oviposition,  T. remus  increased the fecundity of 
the wasps developed in treated eggs and pro-
longed their life as compared to that of untreated 
controls. Li et al. ( 1986 ) tested in the laboratory 
29 insecticides including  Bacillus thuringiensis  
and neem oil in order to study their side effects 
on  Trichogramma japonicum  and concluded 
that neem oil was the safest pesticide for the 
parasitoid. 

 Studies were made on the effect of host  species 
on the sex ratio and parasitism rate of  Anastatus 
ramakrishnanae  in the laboratory and fi eld in 
Tamil Nadu, India, with the pentatomid  Halys 
dentata  (on  Cassia marginata ,  Azadirachta 
indica  and  Casuarina equisetifolia ) and the 
coreid  Homoeocerus prominulus  (on  Cassia 
 marginata ,  Prosopis spicigera  and  Acacia leuco-
phloea ) as hosts. The order of parasitism was 
 C. marginata  >  A. indica >  C. equisetifolia  with 
 H. dentata  and  C. marginata  >  P. spicigera  > 
 A. leucophloea  with  H. prominulus . Higher rates 
of parasitism were recorded with  H. dentata  than 
 H. prominulus  throughout the year (Velayuddan 
et al.  1988 ). 

 Fernandez et al. ( 1992 ) conducted experi-
ments with the eggs of yellow stem borer of rice, 
 Tryporyza incertulas , by dipping for 30 s in 
Bordeaux, neem products and water. The eggs 
were exposed for 40 h of parasitization by the 
parasitoid,  Telenomus rowani . The data revealed 
the highest mean number of parasitoid emer-
gence of 65.8 % in water treatment, 59.90 % in 
5 % aqueous NSKE, 31.4 % in 3 % neem oil and 
38.2 % in Bordeaux treatment. Klemm and 
Schmutterer ( 1993 ) applied NSKE (2.5 and 3 %) 
against  Trichogramma  spp., egg parasitoids of 
 Plutella xylostella. T. principium  accepted neem- 
treated eggs in the laboratory and  T. pretiosum  in 
the fi eld, but two treatments prevented the eclo-
sion of adult parasitoids from treated  P. xylostella  
eggs completely. Spraying of eggs with 0.2 % 
neem oil reduced the number of eggs parasitized 
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per female wasp by 13.3 %. Neem oil also 
reduced the emergence of  T. principium  from 
treated eggs by 45.1 %. However, neem seed 
kernel suspension (5 %) and neem oil 50 EC 
(3 %) were safe to the parasitoid  T. japonicum  in 
cotton ecosystem (Jayaraj et al.  1993 ). 

 Lyons et al. ( 1996 ) used the neem-treated eggs 
of  Ephestia kuehniella  in shell vials and offered 
to single females of  T. minutum  for parasitization 
by fi xing the eggs with adhesive strips and held 
until all parasitoids had emerged from them; vari-
able results were obtained. Azatin, neem EC 
(4.6 % AZA) and pure AZA were tested at con-
centrations of 50 g and 500 g/ha. At 50 g/ha, no 
signifi cant effect was observed, but at 500 g/ha, 
Azatin and neem EC reduced the female survival 
by 64 and 40 %, respectively, whereas pure AZA 
showed neem oil effect. Likewise, at 500 g/ha the 
number of parasitized eggs was reduced by 89 % 
by Azatin, 29 % by neem EC and no reduction by 
AZA. The parasitoid development was reduced 
by all treatments. Cano and Gladstone ( 1994 ) 
studied the infl uence of the NSK-based extract 
NIM-20 on parasitization of eggs of  Helicoverpa 
zea  in a melon fi eld in Nicaragua. Mass-reared 
 T. pretiosum  were released at six weekly intervals 
1, 2, 6 and 24 h after application of NIM-20 at 
2.5 g/l. No negative effect was observed as up to 
84 % of the eggs of the pest were parasitized. 
Oswald ( 1989 ) treated the eggs of the coconut 
bug,  Pseudotheraptus wayi , with aqueous NSKE 
(5 % w/v). The eggs were offered to the parasit-
oid  Oencyrtus albicrus  (Encyrtidae). There was a 
signifi cant reduction in the number of wasps 
emerging from the treated eggs in comparison 
with controls. Srinivasa Babu et al. ( 1996 ) 
studied the effects of neem-based commercial 
insecticides such as Repelin and Neemguard on 
 T. australicum  in laboratory and fi eld conditions. 
They reported that both the insecticides were 
relatively safe at lower concentrations, but higher 
concentrations adversely affected the parasitoids 
both in laboratory and in fi eld.  Trichogramma 
chilonis  was affected by  A. indica  extracts (Stansly 
and Liu  1997 ). The egg parasitoid,  Trichogramma 
chilonis , parasitized 45 % of eggs when host eggs 
were treated with neem formulation. However, 
emergence of  T. chilonis  from the parasitized eggs 

treated anytime after parasitization was not 
affected (Markandeya and Divakar  1999 ). 

 Similar results were obtained against 
 T. japonicum  using Econeem and NeemAzal-T/S 
(0.1–1.0 %) (Lakshmi et al.  1998a ), other neem-
based pesticides in an IPM for rice pest manage-
ment (Garg and Baranwal  1998 ) and egg 
parasitoid,  Tetrastichus pyrillae  (Deepak and 
Choudhary  1998 ). On the whole, it has been 
assessed that neem products were fairly safe to 
 Trichogramma  spp. (Sreenivasa and Patil  1998 ; 
Sarode and Sonalkar  1999b ). However, some 
neem formulations such as Nimbecidine (0.25–
4.0 %), Neemgold (2.0–4.0 %) and Rakshak 
(1.0 %) are reported to possess adverse effects 
on parasitism (Lakshmi et al.  1998a ). 

 Raguraman and Singh ( 1999 ) tested in detail 
the neem seed oil at concentrations of 5.0, 2.5, 
1.2, 0.6 and 0.3 % for oviposition deterrence, 
feeding deterrence, toxicity, sterility and insect 
growth regulator effects against  Trichogramma 
chilonis . Neem seed oil at 0.3 % deterred 
 oviposition (parasitization) by the parasitoid, 
but the sensitivity varied considerably both under 
choice and no-choice conditions. Neem seed oil 
also deterred feeding at or above 1.2 % concen-
tration both in choice and no-choice tests. 
In feeding toxicity tests, neem seed oil at 5 % con-
centration caused <50 % mortality to both males 
and females, but in contact toxicity tests, females 
were affected sparing males. No sterility effect 
was observed when the parasitoid was fed with 
neem seed oil-treated honey. Both pre- and post-
treatment of host eggs revealed neem oil adverse 
effects on the development of the parasitoid. 

 Thakur and Pawar ( 2000 ) tested two neem- 
based insecticides (3 g Achook/litre and 2 ml 
Neemactin/litre), two biopesticides [1 g Halt 
(cypermethrin)/litre and 1 ml Dipel ( Btk )/litre] 
and endosulfan (1.5 ml/l) in the laboratory for 
their relative toxicity to newly emerged adults of 
 T. chilonis . Results revealed that neem-based 
pesticides and biopesticides were harmless, while 
endosulfan was slightly toxic to egg parasitoid. 
These observations also get support from the 
studies on different groups of chemicals, viz., 
insecticides, moult inhibitors and biopesticides 
against rice leaffolder C.  medinalis  and its 

10 Non-target Effects of Botanicals on Benefi cial Arthropods with Special Reference to Azadirachta indica



176

 parasitoid  T. chilonis . Sprays of monocrotophos 
36 WSC applied at 2.0 ml/l caused 100 % larval 
mortality to C.  medinalis  7 days after treatment 
followed by buprofezin 25 WP applied at 3.2 g/l 
with 66.66 % larval mortality and neem seed 
kernel extract (NSKE) 5 % (50 g/l) with 63.33 % 
larval mortality. Application of  Bacillus thuringi-
ensis  subsp.  galleriae  ( Btg ) at 5.0 ml/l and 
NeemAzal-F 5 % at 1 g/l recorded 56.66 and 
53.33 % larval mortality, respectively. More 
than 90 % emergence of  T. chilonis  was recorded 
from eggs treated with  Btg  and NeemAzal-F 
and NeemAzal-T/S followed by NSKE (89.80 %) 
and buprofezin (82.60 %). Only 73.80 % of 
adult  T. chilonis  emerged from monocrotophos 
treated host eggs after parasitization (Saikia and 
Parameswaran  2001 ). Similarly, in Thailand, 
Asian corn stem borer,  Ostrinia furnacalis , was 
controlled by neem preparations, and it was 
observed that such treatments had no side 
effects on the parasitoid,     T. plasseyensis  wasps 
(Breithaupt     1995 ). 

 Rao et al. ( 2002 ) reported that Neemgold R  at 
0.015 % had 50.33 % parasitism by  T. chilonis  on 
 C. cephalonica . Jyothi and Sannaveerappanavar 
( 2003 ) tested the aqueous NSKE and neem oil 
against  T. chilonis  in laboratory. NSKE at 2 and 
4 % and neem seed oil at 4 % were moderately 
toxic to  T. chilonis  adults, causing 33.33, 31.24 
and 29.58 % mortality, respectively. Neem oil at 
2 and 5 % and NSKE at 4 % signifi cantly reduced 
the parasitization of C.  cephalonica  to 49.22, 
57.41 and 59.29 %, respectively, compared with 
88.91 % in the control. NSKE at 2 % did not 
affect the rate of parasitization. NSKE at 2 and 
4 % and neem seed oil at 2 % did not affect the 
emergence of the parasitoids from treated eggs. 
Solis et al. ( 2004 ) tested four concentrations of 
the neem seed oil (0.1, 0.5, 1.0 and 5.0 %)  Gryon 
gallardoi , an egg parasitoid of  Leptoglossus 
zonatus  under laboratory conditions. The lon-
gevity of adults fed on sugar solution containing 
the neem oil concentrations was signifi cantly 
reduced, the only exception being observed in 
females treated with 0.1 % of oil. Most likely, the 
vegetal extract caused antifeedant behaviour in 
adults, mainly when offered in high concentra-
tions. However, the parasitoid emergence from 

the host eggs treated with the neem product 
before parasitism did not suffer any infl uence, 
evidencing host acceptance and absence of repel-
lence. The duration time of the immature stages 
and sex ratio of the parasitoid inside the host eggs 
topically treated with the product remained 
unchanged as well. 

 Moosa-Saber et al. ( 2004 ) evaluated the 
effects of NeemAzal on adult emergence and life 
table parameters of  Trichogramma cacoeciae . 
The effect of NeemAzal on three developmental 
stages of the parasitoid was tested by dipping 
parasitized  Sitotroga cerealella  and  Cydia 
pomonella  eggs at the fi eld recommended con-
centration 3, 6 and 9 days after parasitization 
corresponding to larval, prepupal and pupal 
stages. The emergence of adult parasitoids was 
adversely affected in both hosts, but the adverse 
effect was more in  S. cerealella  eggs compared 
with  C. pomonella . The adult emergence was 
reduced by 73.30 and 33.76 % in  Sitotroga  and 
 Cydia  eggs compared with controls, respectively. 
Mitchell et al. ( 2004 ) evaluated extracts of neem 
seed kernel on scelionid egg parasitoid,  Gryon 
fulviventre  of a coreid  Clavigralla scutellaris . 
Feeding by newly emerged wasps was dramati-
cally reduced when honey was mixed with 
aqueous neem suspension, but 6-day survivor-
ship of adults did not differ signifi cantly from 
that of the control. Wasp oviposition behaviour 
was altered slightly when coreid eggs were 
treated with neem: the period of antennation 
was signifi cantly extended, but time for drilling, 
oviposition and marking was unaffected. Neem-
dipped eggs were accepted for oviposition and 
progeny emerged successfully from these treated 
eggs. Exposure of already parasitized eggs to 
neem did not interfere with progeny emergence, 
longevity or sex ratio. Thus, neem extract and 
egg parasitoids seem to be compatible and prom-
ising control strategies for  C. scutellaris . 

  A. indica  extracts were detrimental to parasit-
oid  Trichogramma pintoi  (Iannacone    and Lamas 
 2003a ). Boomathi et al. ( 2005 ) reported that the 
ethonolic extracts of neem + sweetfl ag and neem 
+ sweetfl ag + pongamia at 0.12 and 0.18 % 
exhibited 34 % mortality of adult parasitoids and 
79–81 % adult emergence of  T. chilonis  from 
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 C. cephalonica . From a fi eld trial, Thirumurugan 
and Koodalingam ( 2005 ) reported that cane 
crop sprayed with 5 % (NSKE) +  T. chilonis  at 
weekly interval had substantially reduced the 
internode borer and also registered higher yields 
of sugar. Masood and Mamoon-ur-Rashid ( 2006 ) 
reported that water extract and oil of neem seeds 
signifi cantly affected the egg parasitization of 
 Trichogramma  spp. but did not show any nega-
tive effect on the adult emergence. 

 Hohmann et al. ( 2010 ) demonstrated that 
treating the hosts eggs of  Anagasta kuehniella  
with aqueous neem seed extract (ANSE) at 15, 3 
and 1.5 % and of an emulsifi able concentrate 
neem oil (ECNO) at 2.5, 0.5 and 0.25 % before 
parasitism was less deleterious to wasp emer-
gence, especially for  Trichogramma annulata . 
Pretreatments (24 h) of the host eggs with ECNO 
at concentrations varying from 0.5 to 0.25 % did 
not affect  T. pretiosum  longevity, but 2.5 % 
reduced  T. annulata  survival. Feeding wasps with 
honey mixed with 0.25 % ECNO negatively 
affected  T. annulata  survival. 

 Eyyüp and Başpınar ( 2012 ) sprayed 
NeemAzal-T/S for the control of  Liriomyza 
trifolii  larvae in tomato and showed that it had 
less impact on the parasitization by egg parasit-
oid in laboratory and greenhouse conditions. 
Usman et al. ( 2012 ) investigated the effi ciency of 
 T. chilonis  alone,  T. chilonis  in combination with 
 Chrysoperla carnea  and neem extract against 
tomato fruitworm,  Helicoverpa armigera , in fi eld 
experiments. They found that treatment with 
Trichocard R  having 300 parasitized eggs in 
combination with  Chrysoperla  and neem extract 
was the most promising for effective manage-
ment of  H. armigera  on tomato. Tunca et al. 
( 2012 ) reported that azadirachtin, pyrethrum, 
capsaicin and d-Limonene were repellent to 
parasitoid  V. canescens  adults and therefore not 
compatible with parasitoid. 

 Mamoon-ur–Rashid et al. ( 2013 ) reported that 
neem oil at 1.5 and 2 % and neem seed water 
extract at 3 % signifi cantly reduced the number 
of spotted bollworm larvae on treated leaves. 
Percentage parasitism of bollworm eggs by 
 T. chilonis  was signifi cantly reduced when they 
were placed on leaves treated with 2 % neem oil, 

and 3 % neem seed water extract, but adult emer-
gence of  T. chilonis  was not affected by any of the 
neem treatments. 

 Rotenone from  Derris elliptica  was toxic to 
adults of  Edovum puttleri , an egg parasitoid of 
 Leptinotarsa decemlineata  (Obrycki et al.  1986 ; 
Hamilton et al.  1996 ). Rotenone caused mortality 
to  Trichogramma koehlri  (Iannacone and Lamas 
 2003a ,  b ). Leaf extract of  Lantana camara  was 
safe to egg parasitoid  Trichogramma japonicum  
(Burman et al.  2003 ). Nicotine sulphate from 
 N. tabacum  did not affect much the adults of 
 Encarsia formosa  (Heyler et al.  1992 ) but toxic 
to  Telenomus remus  (Chari et al.  1996 ). Water 
extract of  Pongamia pinnata  did not affect the 
emergence of egg parasitoid,  Trichogramma 
japanicum  (Burman et al.  2003 ). Ryanodine 
isolated from  Ryania speciosa  was safe to 
 Ooencyrtus kuwanai  and  Telenomus terebrans  
(Tadic  1979 ). Water extract of  Vitex negundo  
showed normal emergence of parasitoid, 
 Trichogramma japonicum  (Burman et al.  2003 ).  

3     Effect on Larval Parasitoids 

 Aqueous extract of  Annona squamosa  was 
reported safe to parasitoid  Cotesia fl avipes  
(Reddy and Srikanth  1996 ). Neem,  Azadirachta 
indica , oil was sprayed at 50 % as low volume 
application against the rice folder  C. medinalis . 
The pest larvae were parasitized by ichneumonids, 
braconids and encyrtid groups of parasitoids in 
the fi eld. Surprisingly the parasitization of the 
leaf folder larvae in neem oil-treated plots was 
double than control. This was due to the fact that 
most of the larvae could not spin the leaves 
together due to high toxicity of neem oil, thereby 
giving enough opportunity for parasitization. 
However, the neem oil had no side effects on 
parasitoids (Saxena et al.  1981 ). Such an increase 
in parasitoid population was also observed for the 
parasitoid  Diadegma semiclausum  than in con-
trol after the treatment of neem-based product 
‘Biosol’ in cabbage plots (Chandra Mohan and 
Nanjan  1990 ). Similarly, various endoparasitic 
hymenoptera pupated and emerged normally from 
parasitized 4th and 5th instar C.  medinalis  larvae 
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that were reared on rice leaves treated with neem 
fractions or extracts (Schmutterer et al.  1983 ). 

 Schauer ( 1985 ) found that aphid mummies 
containing larvae or pupae of braconid parasitoids, 
 Diaeretiella rapae  and  Aphidius cerasicola , were 
unaffected by 5 % neem seed kernel suspension. 
   Neem seed oil was also quite safe for the natu-
ral enemies like  Lycosa pseudoannulata  and 
 Apanteles cypris  (Wu  1986 ); ichneumonid para-
sitoid,  Campoletis chlorideae  of  H. armigera  
(Prasad et al.  1987 ); and external larval parasit-
oid,  Bracon hebetor  of pod borer,  Maruca testu-
lalis  (Jhansi and Sundara Babu  1987 ). Other 
studies with  B. hebetor  also support the fact that 
neem is safer for this parasitoid as aqueous sus-
pension, and an ethanolic extract of neem seed 
kernel (NSK) at 0.3, 0.6, 1.2, 2.5 and 5.0 % admin-
istered via food or by contact had no infl uence on 
the  B. hebetor  oviposition (parasitization) on 
 C. cephalonica.  Parasitoid eggs and pupae were 
also unaffected by the extracts tested. The para-
sitoid larvae, however, were killed by feeding on 
contaminated host larvae and also through con-
tact with neem extracts. Thus, use of a minimum 
safety period is suggested for inundative release 
of  B. hebetor  in integrated pest management 
(Raguraman and Singh  1998 ). In order to deter-
mine the toxicity of oil extracts to  Chelonus 
blackburni  to explore the possibility of using 
parasitoid along with oils/extracts in integrated 
control programme of potato tuber moth, it was 
observed that all the vegetable oils including 
neem oil were safe to  C. blackburni , an egg- larval 
parasitoid of  P. operculella  (Shilke et al.  1990 ) .  

 Schneider and Madel ( 1992 ) reported that 
there was no adverse effect on adults of the brac-
onid  Diadegma semiclausum  after exposure for 3 
days or during their lifetime in cages to residues 
of an aqueous NSKE (0.1–5 %). The longevity of 
the wasps exposed to neem residues was even 
prolonged, but the difference between treated and 
untreated individuals was statistically not signifi -
cant. Females of the braconid, derived from 
larvae developed in neem-treated larvae of 
 P. xylostella , showed neem oil reduced fecundity 
or activity as compared to controls. Fresh extracts 
showed neem oil repellent effect. The infl uence 
of AZA on  Diadegma terebrans , parasitoid of the 

European corn borer,  Ostrinia nubilalis , was 
investigated in the laboratory by McCloskey 
et al .  ( 1993 ). These authors added sublethal doses 
(0.1 and 0.3 ppm) of AZA or ethanol (carrier 
solvent) to diets of second instar larvae of the 
pyralid. Both AZA concentrations showed neem 
oil signifi cant difference of the parasitization 
percentage; host acceptance by the parasitoids 
was also not infl uenced. However, signifi cantly 
higher mortality of parasitoids was observed in 
AZA- treated groups compared to untreated 
groups, especially after emergence from the 
hosts. The durations of the larval instars in the 
hosts were prolonged and the weight of pupae 
and adults from treated groups was reduced. 

 Lowery and Isman ( 1996 ) tested the effects of 
extracts from neem on aphids and their natural 
enemies. In fi eld trials, populations of aphid 
natural enemies (predators and parasitoids) were 
not affected by application of neem insecticides, 
suggesting the compatibility of neem with bio-
logical control agents. Safety of natural enemies 
after neem application is also shown by the stud-
ies of Mani and Krishnamoorthy ( 1996 ) where 
encyrtid  Tetracnemoidea indica , a dominant par-
asitoid of the pseudococcid  Planococcus lilaci-
nus  on acid lime were exposed to acid lime leaves 
treated with 34 pesticides at fi eld recommended 
doses. Fenvalerate (0.01 %) and NSKE (2 %) 
were non- toxic to the adult parasitoids. Similarly, 
there was no adverse effect of neem seed kernel 
water extract (NSKWE) (25 g/l) on the adult of 
 A. plutellae , a parasitoid of leaf-eating caterpillar 
complex of cabbage (Bandara and Kudagamage 
 1996 ). It was also observed that after the spraying 
of the NSKWE and the two insecticides on the 
cocoons, there was no signifi cant reduction in the 
adult emergence. Thus, NSKWE (25 g/l) had no 
adverse effect on  A. plutellae.  Similar results 
were obtained for  A. africanus  and  Telenomus 
remus  (Chari et al.  1997 ). Dobelin ( 1997 ) studied 
the side effects of NeemAzal-T/S (1.0 % azadi-
rachtin) against two parasitoids of aphids, viz., 
 Aphidius colemani  and  Aphidoletes aphidimyza.  
It was observed that neem products had no effects 
on these natural enemies. 

 Michelakis and Vacante ( 1997 ) advocated 
Neemark as a safe device for the control of 
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 Phyllocnistis citrella  that would not affect the 
parasitoid  Pnigalia  sp. They also implemented a 
biological control programme using  Ageniaspis 
citricola ,     Citrostichus phyllocnistoides  and 
 Semielacher petiolatus , along with Neemark. 
Stansly and Liu ( 1997 ) found that neem extract, 
insecticidal soap and sugar esters had little or no 
effect on  Encarsia pergandiella , the most abun-
dant parasitoid of  Bemisia argentifolii  in south 
Florida vegetable fi elds, and can contribute sig-
nifi cantly to natural biological control of this and 
other whitefl y species. Olivella and Vogt ( 1997 ) 
collected 10 species of leaf-mining Lepidoptera 
in apple orchards in southwestern Germany in 
1996, the most abundant being  Phyllonorycter 
blancardella ,  Lyonetia clerkella  and  Stigmella 
malella  and a mining curculionid,  Rhamphus 
oxyacanthae.     Of these total parasitism by 
 chalcidoidea and ichneumonoidea ranged from 
10 to 29 %. Use of a neem preparation for pest 
control had no effect on the rate of parasitism. 

 Sharma et al. ( 1999 ) reported that the extracts 
from neem and custard apple kernels were effec-
tive against the spotted stem borer,  Chilo partel-
lus ; Oriental armyworm,  Mythimna separata ; 
head bug,  Calocoris angustatus ; and the yellow 
sugarcane aphid,  Melanaphis sacchari  in sor-
ghum, but neem extract was non-toxic to the 
parasitoids and predators of the sorghum midge 
with slight reduction in parasitism. But Sharma 
et al. ( 1984 ) reported that an active neem fraction 
of NSK had an adverse effect on larval parasitoid 
 Apanteles rufi crus  of Oriental armyworm  M. sep-
arata.  Injection of 2.5–10 μg of azadirachtin to 
newly ecdysed fourth and fi fth instar larvae of 
host either partially inhibited or totally sup-
pressed the fi rst larval ecdysis of braconid 
 Cotesia congregata , an internal larval parasitoid 
of tobacco hornworm  Manduca sexta  (Beckage 
et al.  1988 ). They also reported that the parasitoid 
growth was arrested, while the host larvae sur-
vived for 2 weeks or longer, following injection 
of azadirachtin, but their parasitoids never recov-
ered and died encased within exuvial cuticle. 
Lamb and Saxena ( 1988 ) gave topical treatment 
to the females of ectoparasite  Goniozus triangu-
lifer  at doses from 5 to 50 μg/l solution of neem 
seed bitters. The results indicated decreased 

fecundity at 50 μg per female. When the rice 
plants were sprayed with 1,000 ppm neem seed 
bitters, very few larvae of leaf folder  Marasmia 
patnalis  sustained the development of  G. trian-
gulifer  up to pupation stage. However, when 
1,000 ppm neem seed bitters were sprayed three 
times, there was negative infl uence on parasitiza-
tion by  G. triangulifer.  The studies further 
reported that when  Tetrastichus howardi  parasit-
ized pupae of  M. patnalis  were dipped in 
1,000 ppm of neem seed bitters, the adult emer-
gence decreased signifi cantly. However, topical 
application of 1,000–10,000 ppm of the neem 
seed bitters had no effect on  T. howardi.  

 Loke et al. ( 1992 ) gave topical treatment of 
cocoons of  C. plutellae  with neem oil in the labo-
ratory and found that neem inhibited adult eclo-
sion signifi cantly at 2.5 % concentration and no 
adult emergence was observed at 10 % level. 
Treated cocoons produced adults with reduced 
longevity but no morphological deformities. 
However, Osman and Bradley ( 1993 ) reported 
high mortality of larvae and morphogenetic 
defects of adult parasitoid  C. glomerata  devel-
oped from hosts treated with NSKE. Neem 
products did not affect adult parasitoids even 
after spraying with higher concentration, i.e. 
AZT-VR- K 2,000 ppm. Srivastava et al. ( 1997 ) 
reported that alcohol and hexane extracts of 17 
neem ecotypes in India were found to be toxic to the 
egg, larval and pupal stages of the  B. brevicornis.  
In general, the hexane extracts showed higher 
toxicity against the egg and pupal stages, whereas 
the alcohol extracts were more toxic against the 
larvae. Azadirachtin content of the neem eco-
types revealed no apparent correlation with the 
observed toxicity against different stages of the 
parasitoid. 

 Varied responses of parasitoids to various 
neem preparations have also been reported by 
several workers. For instance, Hoelmer et al. 
( 1990 ) did experiments with parasitoids of 
 B. tabaci  and  Aphis gossypii  with the neem 
product Margosan-O. It was found that the aphid 
parasitoids, namely,  Lysiphlebus testaceipes  and 
 Aphelinus asychis , were more sensitive to neem- 
treated surface, whereas the survival of the aphid 
parasitoid,  Eretmocerus californicus , was the 
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same on treated and untreated  Hibiscus  foliage. 
The  E. californicus  pairs in sealed Petri dishes 
with treated and untreated foliage survived for 
5 days. It was also observed that dipping of aphid 
mummies parasitized by  L. testaceipes  and also 
dipping the parasitized puparia of  B. tabaci  by 
 Encarsia formosa  and  E. transversa  did not affect 
the emergence of the parasitoids. However, when 
 E. californicus  parasitized white fl y puparia was 
dipped, the emergence of parasitoids was reduced 
by more than 5 %. Similarly, Stark et al .  ( 1990 ) 
on the other hand found that a highly purifi ed and 
concentrated neem extract prevented adult of 
fruit fl ies emergence from puparia. However, the 
parasitoid  Opius  sp. emerged freely. Neem seed 
kernel extracts reduced the population of 
 Encarsia  sp .  and  Aleurodiphilus  sp .  (Price and 
Schuster  1991 ).  A. indica  leaf extract was safe  to 
Diaeretiella rapae  (Men et al.  2002 ). Loke et al. 
( 1992 ) reported reduction in the rate of emergence 
of braconid,  Cotesia plutellae , when cocoons 
were sprayed with  A. indica  oil. 

 Schmutterer ( 1992 ) found in laboratory exper-
iments that concentrations of 10 and 20 ppm of 
azadirachtin or an azadirachtin-free fraction and 
of an enriched and formulated seed kernel extract 
of  A. indica  were only slightly harmful to  C. 
glomerata , provided they were applied against the 
5th instar of  Pieris brassicae.  Under these cir-
cumstances, numerous larvae of  C. glomerata  
emerged from their hosts, pupated and hatched as 
normal adults. However, higher concentration 
(40 ppm) of azadirachtin and of the azadirachtin- 
free fraction as well as 50 and 100 ppm of the 
enriched product reduced the number of parasit-
oids considerably. The parasitoids were mainly 
killed by lack of food and died within their hosts. 
Larvae of  P. brassicae  under the infl uence of 
metamorphosis disturbance by neem products did 
not die immediately after uptake of active princi-
ples, but there was reduced food uptake, leading 
to increased intraspecifi c competition among the 
gregarious grubs of  C. glomerata.  Direct growth 
regulation effects of neem products against  C. 
glomerata  were not observed. Application of 
neem products against young (1st–3rd) larval 
instars of  P. brassicae  led to the death of the cater-
pillars together with the grubs of the parasitoid. 

 It is obvious from the studies available so far 
that neem and its various products/formulations 
do have some side effects especially against the 
larval parasitoids. We have some specifi c reports 
of such side effects available. Beitzen and 
Hofmann ( 1992 ) studied the side effects of neem 
product AZT-VR-NR on the endoparasitic tachi-
nid fl y  Drino inconspicua  when the fl y was 
exposed for 7 days with residues of neem product 
(45 g a.i./ha); it did not harm the adult fl ies, but 
fecundity was reduced by 18.5 % in comparison 
with control. Similarly, Serra ( 1992 ) observed no 
or only side effects of neem products on the para-
sitoids of the genera  Ganaspidium ,  Desorygma  
and  Opius , which emerged from the tomato leaf 
miner  Liriomyza sativae.  He also obtained simi-
lar results on the genera  Pseudapanteles  and 
 Glyptapanteles  that emerged from tomato pin-
worm,  Keiferia lycopersicella.     Moser ( 1994 ) 
observed no side effects of aqueous NSE (2.5 
and 5.0 %) among natural enemies (coccinellids, 
syrphids, chrysopids and braconids) of  Aphis 
gossypii  on okra in Dominican Republic fi elds, 
but at the same time by slight harmful effects, 
viz., morphogenetic defects, delay of larval and 
pupal development was recorded in the labora-
tory experiments. Mineo et al. ( 2000 ) tested the 
side effects of azadirachtin mixed with mineral 
paraffi n oil and a surfactant against the natural 
parasitoids of  P. citrella.  The observations 
revealed 16.67 % parasitoid larvae showing 
teratological symptoms. 

 Stark et al .  ( 1992 ) studied the effect of azadi-
rachtin on survival, longevity and reproduction of 
the three braconid parasitoids, namely,  Psystallia 
incisi  and  Diachasmimorpha longicaudata  from 
 Bactrocera dorsalis  and  Diachasmimorpha tryoni  
from  Ceratitis capitata.  The results revealed that 
all host larvae that were exposed to sand treated 
with azadirachtin pupated and adult eclosion was 
concentration dependent in both fl y species, with 
little or no fly eclosion at 10 ppm. However, 
 P. incisi  and  D. longicaudata  successfully eclosed 
from pupae treated with 10 ppm azadirachtin. 
In all the cases after the exposure of azadirachtin, 
the adult eclosion was inhibited. Even life spans of 
parasitoids that emerged from treated fl ies were 
not signifi cantly different from controls. The 
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 azadirachtin had no effect on the longevity of par-
asitoid species tested in this study, indicating that 
the parasitoids were less sensitive to this chemical 
than were their hosts. The reproduction of  P. incisi  
that developed in fl ies exposed to azadirachtin 
concentration of >20 ppm was reduced by 
63.88 %. The reproduction of  D. longicaudatus  
and  D. tryoni  was unaffected. This implies that 
neem-based products are safer at lower concentra-
tions but induce adverse affects at higher levels of 
treatment, also obvious from the studies on neem 
products like Repelin and Neemguard that were 
tested on  Bracon hebetor  in laboratory and fi eld 
conditions by Srinivasa Babu et al. ( 1996 ) to reveal 
their safety at lower concentrations against larval 
parasitoids. But at higher concentrations, both 
preparations adversely affected the development. 

 It is, however, also possible that parasitoids 
may be adversely affected due to lack of appro-
priate food. This is clear from the results of Jakob 
and Dickler ( 1996 ) where adults of the ectopara-
sitic, gregarious eulophid  Colpoclypeus fl orus , an 
important parasitoid of the tortricid  Adoxophyes 
orana , were not adversely affected by application 
of NeemAzal-S (25 and 100 ppm) in the labora-
tory and in the fi eld, but 100 % of the larvae died, 
apparently due to lack of appropriate food on the 
neem-treated decaying larvae of the host. 
Schmutterer ( 1996 ) also described the varying 
sensitivity of bioagents to neem products, like 
eggs of predators such as coccinellids and 
chrysopids are not sensitive, but ectoparasitic 
gregarious larvae of  Bracon  sp. and  Colpoclypeus  
sp. showed high mortality after contact with 
neem. Endoparasitic solitary or gregarious 
hymenopteran    larvae were less endangered as 
their hosts protected them. Schmutterer sug-
gested that often, lack of food in neem-treated 
hosts resulted in the death of parasitoids due to 
starvation. 

 Another aspect of interest is the IPM compat-
ibility of neem with other products vis-a-vis the 
safety of natural enemies. The relative toxicity of 
pesticides to  Phyllocnistis citrella  and its para-
sitoid  Ageniaspis citricola  was compared by sev-
eral bioassay methods. Azadirachtin (Neemix) + 
oil, difl ubenzuron (Micromite) + oil, fenoxycarb 
(Eclipse) + oil and oil alone (FC 435–66) were 

classifi ed as IPM-compatible insecticides. 
Sprays of azadirachtin (Align) + oil, neem oil 
(Neemguard) and drenched imidacloprid 
(Admire) were ranked as semi-compatible insec-
ticides (Villanueva and Hoy  1998 ). 

 Teggelli et al. ( 1998 ) studied the effects of 
Nimbecidine (5 ml/l) and Achook (5 ml/l), 
nuclear polyhedrosis virus (NPV) (1.5 ml/l) and 
some recommended insecticides on the emer-
gence of  Campoletis chlorideae  from host larvae 
3, 5, 8 and 11 days after parasitization (DAP). 
Among insecticides, Achook resulted in the 
highest adult emergence (42.33 %) at eight 
DAP, while fenvalerate, methomyl, malathion, 
chlorpyrifos and monocrotophos completely 
inhibited emergence. At 11 DAP, the biopesti-
cides, namely, Nimbecidine, Achook and NPV, 
recorded the highest percentage of emergence 
(58.66, 56.33 and 53.33 %, respectively), while 
monocrotophos was most toxic (8.66 % adult 
emergence). The toxicity of all insecticides was 
lower on cocoons. Nimbecidine and NPV did not 
cause mortality 24 h after treatment. Similarly, 
 Hypomecis  sp. caused severe damage to 
 Azadirachta indica  in Akola, India, during 
October 1988.  Apanteles fabiae  and  Aleides 
[Aleiodes]  sp. were observed parasitizing 
 Hypomecis  sp. (Men  1999 ). 

 An IPM strategy for the control of  P. xylo-
stella  was formulated by Facknath ( 1999 ) using 
neem with  C. plutellae.  Reddy and Guerro ( 2000 ) 
evaluated biorational and regular insecticide 
applications for the management of the diamond-
back moth  P. xylostella  in cabbage. The IPM pro-
gramme, based on the pheromone trap catch 
threshold of 8 moths per trap per night, included 
the utilization of  C. plutellae  (250,000 adults/ha), 
 Chrysoperla carnea  (2,500 eggs/ha), 
Nimbecidine (625 ml/ha),  Bt  (500 ml/ha) and 
phosalone (2.8 l/ha). The IPM programme 
induced a reduction of trap catches, egg and lar-
val populations and, therefore, a low level of 
damage to the crop. All neem concentrations 
gave poor to very slight control of  Myzus persi-
cae  when applied as contact action foliar sprays, 
with Pirimor R  providing the greatest contact kill. 
Neem at 180 ppm, when applied as a soil drench, 
gave total aphid control within 24 h, apparently 
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through systemic action. Aphid parasitoids and 
other benefi cial insects were not affected by 
neem treatments, whereas Pirimor R  treatments 
reduced benefi cial insect numbers. Although 
Pirimor R  would be the preferred choice for imme-
diate aphid control through contact action in 
commercial crop production, neem still has a 
place in the control of aphids in situations such as 
organic crop production or in crops where resis-
tance to other chemicals by aphids has resulted. 
Other uses may be in indoor and outdoor land-
scape situations where human health is of major 
concern and a long-lasting systemic method of 
aphid control desirable. In these cases, neem 
could be applied as a soil drench at concentra-
tions of 180 ppm, possibly through existing 
irrigation systems (Holmes et al .   1999 ). Perera 
et al. ( 2000 ) studied the effect of three feeding 
deterrents: denatonium benzoate (5, 50 and 
250 mg/l), azatin [azadirachtin] EC (0.01, 0.1 
and 1 ml/l) and Pestistat R  (0.1, 1 and 2 ml/l) on 
the fourth instar larvae of important cabbage 
pests,  Chrysodeixis eriosoma  and  P. xylostella , 
and on the parasitoid,  C. plutellae.  Results sug-
gested that the three antifeedants were effective 
in managing cabbage pests,  C. eriosoma  and 
 P. xylostella , and could be used in integrated pest 
management programmes. 

 Babu and Babu ( 2003 ) investigated the effects 
of neem-based formulations, viz . , Neemguard 
and RD9 Repelin, on the developmental stages 
of  B. hebetor     and found that substantial reduc-
tion in hatching of treated eggs and growth dis-
turbances but parasitoid pupae were spared. 
Dinesh et al .  ( 2003 ) evaluated extracts of some 
locally available plant materials and propriety 
botanical formulations in comparison with a rec-
ommended insecticide (quinalphos: Ekalux R ) for 
their usefulness against the coffee mealy bug ( P. 
citri ) and their effect on natural enemies (para-
sitoid,  Leptomastix dactylopii , and attendant ant, 
 Anoplolepis longipes  [ A. gracilipes ]). The treat-
ments included extracts of Tulsi ( Ocimum 
 sanctum  [ O. tenuifl orum ]), Bilva    ( Aegle marme-
los ), calotropis ( Calotropis gigantea ), marigold 
( Tagetes erecta ), ‘Universal biopesticide’ formu-
lation (containing  Aloe vera  [ A. barbadensis ], 
 Lantana camara ,  Calotropis gigantea , neem 

( Azadirachta indica ) and  Vitex negundo ) and 
garlic. The proprietary products used were GB+ 
(100 % garlic preparation) and GB AG (77 % 
garlic and 22 % neem preparation). The treat-
ments were effective against the mealy bug, and 
the parasitoid was relatively safe from its effect. 
Basappa and Lingappa ( 2004 ) tested various 
neem preparations, i.e. NSKE (5 %), neem leaf 
extract (NLE, 5 %), Margocide CK 20 EC 
(0.1 %), Achook (0.3 % water soluble neem 
powder) and Jawan (0.15 % neem extract) along 
with  Bougainvillea glabra  cold alcohol extract 
(CAE 30 %) against castor semilooper  Achaea 
janata  and its larval parasitoid ( Microplitis 
maculipennis  [ Snellenius maculipennis ]) under 
fi eld conditions in Dharwad, Karnataka, India, 
during 1993 and 1994. NSKE, Margocide and 
Jawan were superior in reducing the larval 
population of castor semilooper at 3 days after 
spraying. Neem- based preparations were supe-
rior over B. glabra in reducing castor semi-
looper larval population at 3, 7 and 12 days after 
spraying. These botanicals also gave signifi -
cantly higher seed yield than the untreated con-
trol. The highest cost/benefi t ratio was recorded 
in NLE (1:2.80), followed by Margocide (1:2.20) 
and NSKE (1:1.94). A steady increase in  M. 
maculipennis  population was observed in all 
treatments after 3 days of spraying. Ahmad 
et al. ( 2003 ) did not recommend the use of para-
sitoids in combination with  A. indica  prepara-
tions since the application to the soil had a 
long-lasting effect on the rate of parasitization 
and on survival (as demonstrated with the para-
sitoid,  Diaeretiella rapae).  

 Haseeb et al .  ( 2004 ) evaluated the fi eld doses 
of neem insecticides against  C. plutellae  under 
laboratory conditions. Agroneem (4.8 mg a.i./l), 
Neemix (20 mg a.i./l) and Ecozin (20 mg a.i./l) 
caused only 11.1, 16.7 and 5.6 % adult mortality, 
respectively. Vijay Bhardwaj et al .  ( 2005 ) studied 
the adults of  D. fenestralis  [ D. fenestrale ] and 
 C. plutellae  by transferring into vials containing 
fi lter paper soaked in solutions of malathion 
(0.05 %), fenvalerate (0.01 %), fi pronil (0.007 %), 
cypermethrin (0.015 %), Achook [ Azadirachta 
indica  extract] (0.3 %) and cypermethrin 
(0.0075 %) +  Bt  [ Bacillus thuringiensis ] (0.15 %). 
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Parasitoid mortality was evaluated after a 6-h 
exposure period and after 24 and 48 h posttreat-
ment periods.  C. plutellae  mortality was highest 
with malathion (74.44 %), followed by fi pronil 
(57.77 %), cypermethrin (27.77 %), fenvalerate 
(15.55 %), cypermethrin +  Bt  (14.44 %) and 
Achook (4.44 %). Malathion was also the most 
toxic to  D. fenestralis , followed by fi pronil, 
cypermethrin, cypermethrin +  Bt , fenvalerate 
and Achook (94.44, 68.88, 67.77, 25.55, 24.44 
and 3.33 % mortality, respectively), proving the 
safety of neem-based insecticide (Achook). 
Charleston et al. ( 2005 ) tested the effect of two 
botanical pesticides, viz., aqueous leaf extracts 
from the syringa tree  Melia azedarach  and 
commercial formulation from the neem tree 
 Azadirachta indica , Neemix 4.5, in the laboratory 
and in a glasshouse on two species of parasitoids, 
 C. plutellae  and  Diadromus collaris . No direct 
negative effect was recorded on the longevity 
of the parasitoid species. However, hind tibia 
length was found to be signifi cantly shorter in 
male  C. plutellae  that emerged from  P. xylostella  
that had been exposed to syringa extracts. In the 
glasshouse, a signifi cantly higher proportion of 
 P. xylostella  was parasitized by  C. plutellae  on 
plants treated with neem than on the control 
plants. Rowell et al .  ( 2005 ) reared six parasitoid 
species on diamondback moth larvae and pupae 
collected in northern Thailand. These included 
the larval parasitoid  C. plutellae , a larval-pupal 
parasitoid  Macromalon orientale  Kerrich and 
pupal parasitoids  D. collaris  and  Brachymeria 
excarinata . These parasitoids were effectively 
integrated in the pest management protocol of 
 P. xylostella  using simple presence-absence sam-
pling for lepidopterous larvae, and the exclusive 
use of  Bacillus thuringiensis  or neem resulted in 
the highest yields of undamaged cabbage com-
pared with a control or weekly sprays of cyper-
methrin (local farmer practice). 

 Adarkwah et al. ( 2011 ) reported that the 
commercial preparation of neem, Calneem R , was 
safe to the larval parasitoids  Habrobracon 
hebetor  and  Venturia canescens , while it con-
trolled their hosts, rice moth  Corcyra cepha-
lonica  (Stainton) (Lepidoptera: Pyralidae) and 
tropical warehouse moth  Cadra cautella  Walker 

(Lepidoptera: Pyralidae) in stored rice and wheat, 
respectively, in the laboratory.    Kumar et al. ( 2010 ) 
tested two commercial neem products, viz., 
NeemAzal-T/S (1 % azadirachtin) as foliar 
application and NeemAzal-U (17 % azadirachtin) 
as soil application, in laboratory bioassays 
against about-to- emerge adults and adults of an 
aphelinid,  Eretmocerus warrae , an effi cient 
parasitoid of the whitefl y  Bemisia tabaci . They 
found that the longevity of the adult parasitoids 
was only affected after 36 h contact with high-
dose residues of NeemAzal-T/S (10–15 ml l −1 ) in 
a dry- residue bioassay test. But the experiments 
indicate that ecto-/endoparasitoids are principally 
highly vulnerable to neem but show in addition 
that soil application could reduce negative side 
effects compared to plant spraying and hence 
improve selectivity. 

 Alvarenga et al. ( 2012 ) treated the neem 
seed cake (NSC) extract to control the 
Mediterranean fruit fl y along with its larval 
parasitoid  Diachasmimorpha longicaudata . 
They found that NSC affected parasitoid emer-
gence negatively. The effect of parasitism cou-
pled to NSC did not provide greater reduction 
in the medfl y emergence than when parasitism 
was used alone. However, each of these 2 meth-
ods affect a different life stage of medfl y larvae 
and pupae, respectively, and their joint use may 
increase the probability of controlling medfl y 
populations in fi eld. 

 Leaf extract of  Datura metel  was safe to 
 Cotesia fl avipes  (Reddy and Srikanth  1996 ). 
Aqueous leaf extract of  M. azedarach  did not 
show direct negative effect on the longevity of 
the parasitoid species of  Cotesia plutellae  and 
 Diadromus collaris  (Charleston et al .   2005 ). 
Nicotine sulphate from  N. tabacum  was toxic to 
 Apanteles congregata  (Barbosa et al.  1991 ).  

4     Effect on Predatory Insects 

 Acetone extracts of  Aframomum melegueta  
exhibited adverse effect on eggs, reduced the 
effi ciency of predation in larvae and showed 
poor rate of pupation of Coccinellids, 
 Cheilomenes lunata  and  Cheilomenes vicina  
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(Ofuya and Okuku  1994 ). Leaf extract of 
 Ailanthus excelsa  did not affect the predators 
such as coccinellids, chrysopids and syrphids 
(Patel et al.  2003 ). Leaf extract of  Aloe vera was 
safe  to grubs, pupae and adults of predators such 
as coccinellids and syrphid fl y (Balikai and 
Lingappa  2004 ). Water extract of  Annona squa-
mosa  was safe to  Chrysoperla carnea  and 
 Onus insidiosus  (Isman and Leatemia  2004 ). 
Methanolic extracts of leaves of  Atlantia mono-
phylla  were found to be safe to aquatic mosquito 
predator,  Diplonychus indicus  (Sivagnaname 
and Kalyanasundaram  2004 ). 

 Bioactivity of neem,  A. indica , against 
predatory insects and spiders is discussed under 
subheadings: Earwigs, Crickets, True Bugs, Ants, 
Beetles, Syrphids, Cecidomyiids, Lacewings, and 
Predatory Spiders and Mites. 

4.1     Earwigs 

 NeemAzal-F was tested against the European 
earwig  Forfi cula auricularia  by Sauphanor et al. 
( 1995 ). This earwig is a polyphagous crop pest 
and a predator at the same time. In peach and 
apricot orchards, for instance, it causes serious 
damage by feeding on ripening fruit, whereas in 
apple orchards it can be used against harmful 
populations of various aphid species. Adults of 
 F. auricularia , exposed to 50 ppm AZA on glass 
plates (standardized method of IOBC/WPRS) in 
the laboratory, did not show increased mortality or 
reduced ingestion of food; fecundity was also not 
adversely infl uenced. On the other hand, second 
instar nymphs treated with 25, 50 or 250 ppm of 
NeemAzal-F could not complete their metamor-
phosis and died. They also exhibited reduced food 
intake and extended stadia. Neither repellent nor 
phagodeterrent effects were observed. Under fi eld 
conditions in a peach orchard, the nymphal popu-
lation of the earwig was reduced by 70 % when 
sprayed with NeemAzal-F at a concentration of 
50 ppm. Hence, NeemAzal-F could be applied in 
peach or apricot orchards when a reduction of the 
nymphal population of the earwig is required but 
avoided if high numbers of the predator are desir-
able, for instance, in apple orchards to obtain a 

signifi cant reduction of aphids. Earlier, Schauer 
( 1985 ) and Eisenlohr et al .  ( 1992 ) observed that 
 F. auricularia  had no side effects by neem products.  

4.2     Crickets 

 The cricket  Metioche vittaticollis , preying upon 
eggs of rice leaffolders in Asia, was not affected 
by spraying neem seed bitters (containing AZA 
and other active ingredients) at 10,000 ppm (8 l/
ha: ultra low volume spray) in fi eld trials in the 
Philippines (Lamb and Saxena  1988 ).  

4.3     True Bugs 

 Chelliah and Rajendran ( 1984 ) tested the toxicity 
of seven insecticides against  Cyrtorhinus lividi-
pennis.  The least toxic of the sprays was 0.07 % 
endosulfan, which was effective against rice 
hoppers, followed by 5 % neem oil; the corrected 
mortality percentages were 34.72–36.90 on 1 day 
after spraying, 7.40–38.11 on the second day and 
20.01–20.03 on the third day. The other sprays 
tested (0.075 % quinalphos, 0.04 % chlorpyrifos, 
0.07 % phosalone, 0.08 %    monocrotophos and 
1.0 % carbaryl) were highly toxic to the bugs 
exhibiting 36.07–53.96 % mortality on the third 
day. Sharma et al .  ( 1984 ) observed that  Orius  sp., 
a predator of sorghum midge,  Contarinia sorghi-
cola , was unaffected by an active neem fraction. 

 A slight harmful effect of neem oil was 
reported to the mirid bug,  C. lividipennis  by 
Saxena et al. ( 1984 ). But Fernandez et al. ( 1992 ) 
conducted a trial in greenhouse against  C. lividi-
pennis  using four treatments, viz . , neem oil 3 %, 
aqueous NSKE 5 %, endosulfan and water, and 
observed no mortality in the case of neem oil and 
aqueous NSKE, while endosulfan induced    cent 
per cent mortality. Serra ( 1992 ) reported mal-
formed nymphs of the predator,  Nesidiocoris  sp., 
after spraying of neem seed water extract 4 % and 
neem oil 2 % in the laboratory. It was observed 
that these neem products had no signifi cant effect 
on the fi eld population of this bug. The toxicity of 
all the sprays diminished 5 days after spraying. 
Similarly, a delayed moulting and morphogenetic 
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defects after spraying of Margosan-O on third 
instar nymphs of the pentatomid predator  Perillus 
bioculatus  of the Colorado potato beetle in the 
USA have been recorded (Hough and Keil  1991 ). 
Krishniah and Kalode ( 1992 ) reported that the 
LC50 for neem oil was 50 % for the black mirid 
bug,  Tytthus parviceps  was 2.88 %, whereas for 
its prey, the green rice leafhopper,  Nephotettix 
virescens , was only 1.39 %. 

 Drescher and Madel ( 1995 ) reported increased 
mortality in test populations of the anthocorid 
 Orius majusculus  after NeemAzal-T/S treatment 
(concentrations 1:50 to 1:200), and after oral 
intake, the rate of emergence of fi rst instar 
nymphs was reduced by 3 %. Neem oil’s repel-
lent or phagodeterrent effect was observed when 
treated eggs of  Sitotroga cerealella  served as 
food for the bugs. According to the guidelines of 
IOBC/WPRS for standardized tests on the side 
effects of pesticides, NeemAzal-T/S at 1:50 was 
‘slightly harmful’ under laboratory conditions. 
They also reported neem oil’s negative effect 
on fecundity, sex ratio, rate of emergence or 
behaviour. 

 Kareem et al. ( 1988 ) reported the effect of 
neem seed kernel extract on population of preda-
tory mirid and spiders in rice and compared with 
those of monocrotophos (0.75 kg a.i./ha). It was 
revealed that the populations of mirids and spi-
ders were also lower in plots treated with mono-
crotophos than in plots treated with neem, 48 
days after treatment. Safety of neem formulations 
and insecticides to  Microvelia douglasi atrolin-
eata , studied for a predator of planthopper in rice 
ecosystem, revealed that Neemix (2 and 4 %) and 
Rakshak (0.2 and 0.5 %) were the safest neem 
formulations, whereas phorate and carbofuran 
(1 kg a.i./ha) granular application and quinalphos 
spray at 0.5 % were the least toxic to the predator 
(Lakshmi et al.  1998b ). Also neem formulations 
vis-à-vis insecticides were safe to  C. lividipennis  
after the application of Neemgold at 0.5 % and 
Neemix at 2.0 % even after 72 h exposure 
(Lakshmi et al.  1998c ), though chlorpyrifos and 
monocrotophos recommended for rice caused 
100 % mortality within 24 h of exposure. Ghelani 
et al .  ( 2000 ) tested various synthetic and botani-
cal pesticides for their contact toxicity to the eggs 

and nymphs of  R. fuscipes . The data on mortality 
of eggs and nymphs revealed that all the syn-
thetic insecticides were more toxic than botani-
cal insecticides. Among synthetic insecticides, 
quinalphos was highly toxic, while endosulfan 
was least toxic. However, among botanical insec-
ticides, nicotine sulphate was least toxic to the 
eggs and nymphs of  R. fuscipes.  

 Sahayaraj and Paulraj ( 1999a ,  b ) observed 
toxic effects of leaf extracts of  Azadirachta 
indica ,  Vitex negundo ,  Pongamia glabra  and 
 Calotropis gigantea  on different life stages of 
reduviid predator  Rhynocoris marginatus  by con-
tact and stomach toxicity studies. Tedeschi et al .  
( 2001 ) studied the side effects of three neem 
 formulations (Neem-Amin EC, Stardoor and B.P. 
20/S) on the mirid predator,  M. caliginosus , in 
the laboratory. Direct toxicity tests on fi rst instar 
nymphs exposed to fresh dry residues on glass 
plates at different doses demonstrated that all the 
products were harmful to the insects with LD50 
values much lower than the maximum recommended 
rate (1.217, 0.264 and 1.083 mg a.i./l instead of 
15, 31.5 and 80 mg a.i./l for Neem- Amin EC, 
Stardoor and B.P. 20/S, respectively). Moreover, 
a reduction of fecundity of the surviving females 
was assessed with Neem-Amin EC and B.P. 20/S .  
High mortality was recorded when the insects 
were introduced onto the plants just after the 
treatment, but no signifi cant differences com-
pared with the controls were observed 5 days 
after the treatment. The experiments showed that 
azadirachtin being biodegradable, thus having 
short persistence, makes this active ingredient a 
promising component in integrated pest manage-
ment programmes, if time gap is guaranteed 
between the treatment and the introduction of the 
predator. 

 Sahayaraj and Karthikraja ( 2003 ) studied the 
effect of azadirachtin on egg hatchability, nymphal 
mortality and biological control potential of 
 Rhynocoris marginatus  on the cotton pest  Aphis 
gossypii.  The biopesticide at specifi c concentra-
tion did not affect the biological control potential 
of  R. marginatus.  Jaastad et al .  ( 2009 ) stated that 
azadirachtin did not signifi cantly affect the most 
important predatory hemipterans,  Anthocoris 
nemorum  and  Pachydiplax longipennis , while the 
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omnivorous  Psallus ambiguus  and  Aphelinus 
mali , mainly regarded as benefi cials, were nega-
tively affected by azadirachtin treatment.  

4.4     Ants 

 Hellpap ( 1985 ) tested the neem product (AZT-
VR- K) fed larvae of  Spodoptera frugiperda  to 
the colonies of the ant,  Ectatomma vuridum.  
The ants accepted the neem-treated larvae. The 
predatory earwigs,  Doru taeniatum , were also 
exposed to the armyworm larvae. It was 
observed that after 7 days of exposure, there 
was signifi cant difference in mortality among 
earwigs fed with treated larvae of armyworm. 
Schmidt and Pesel ( 1987 ) reported that worker 
ants were resistant when sprayed with neem 
products. On the other hand, feeding of AZT-
VR-K and MTB/H20-K- NR to the red forest ant 
 Formica polyctena  led to a stimulation of egg 
production when low concentrations were used. 
In contrast, higher concentrations reduced the 
number of eggs drastically, sometimes down to 
zero after a few weeks. This effect could be 
reversed if feeding of neem products was 
stopped and untreated food supplied instead. 
Use of neem-based products with predatory 
ants,  Oecophylla smaragdina , gave excellent 
control of fruit fl ies,  Bactrocera cucurbitae , in 
organic agriculture system, but it was not suffi -
ciently active to manage  Aulacophora  spp. 
(Rohan  2000 ).  

4.5     Beetles 

 In laboratory experiments, adult  C. septempunc-
tata , kept on neem oil-treated glass plates accord-
ing to IOBC/WPRS guidelines, did not show 
increased mortality or reduction of fecundity 
compared to untreated control, but the metamor-
phosis of the larvae was interrupted (Schmutterer 
 1981 ). In the same insect species when treated in 
laboratory and semi-fi eld trials with AZT-VR-K 
(1,000 ppm) and a combination of it with neem 
oil (250–30,000 ppm), there was no effect on the 
emergence of fi rst instar larvae from treated eggs 

(Kaethner  1990 ). Spraying on adults had no 
adverse effects on fecundity and activity (fi tness), 
whereas the same treatment on fourth instar lar-
vae under laboratory conditions induced mortal-
ity, especially of pupae that developed from 
treated larvae. Numerous adults that emerged 
from surviving pupae exhibited morphogenetic 
defects of their wings. In contrast, spraying on 
two coccinellid species including  C. septempunc-
tata  in fi eld cages did not result in any side 
effects. In laboratory studies of Lowery and 
Isman ( 1996 ), topical treatment of early second 
instar larvae of  C. undecimpunctata , using 1 % 
neem oil, did not result in reduced pupation or 
emergence of adults as compared to controls. 

 Margosan-O had no harmful effect on 
 Delphastus pusillus  predating on  Bemisia tabaci  
and  Scymnus  sp. predating on  Aphis gossypii  
and  Myzus persicae  (Hoelmer et al.  1990 ). 
Margosan-O also did not show any adverse affect 
against predatory carabid beetle  Platynus dorsa-
lis  when their soil habitat was treated with the 
neem product (Forster  1991 ).    Saleem and Matter 
( 1991 ) observed that the neem oil acted as 
temporary repellent against the predatory staphy-
linid beetle  Paederus alfi eri , the coccinellid 
 C. undecimpunctata , and the lacewing 
 Chrysoperla carnea  in cotton, but otherwise 
neem oil had no adverse effect on the predators 
of  Spodoptera littoralis.  That neem oil had no 
adverse effect on predators is also obvious 
from the studies of Kaethner ( 1991 ), as it was 
found harmless to the eggs, larvae or adults of 
 Chrysoperla carnea  and  C. septempunctata.  

 Mohapatra et al .  ( 1991 ) observed even 24 % 
concentration of neem oil had no signifi cant 
adverse effect on the coleopteran predators in rice, 
and Matter et al .  ( 1993 ) demonstrated that although 
neem oil had residual activity for up to 6 days, yet 
it had no effect on survival or behaviour of larvae 
of  C. undecimpunctata  except for a prolongation 
of the fourth instar larva. Consumption of the 
aphids by this predator was unaffected. Eisenlohr 
et al .  ( 1992 ) reported that NeemAzal-F had neem 
oil effect on oviposition of coccinellids in peach 
orchards, though residual toxicity of some insecti-
cides and neem seed kernel extracts against the 
predatory beetle  Brumoides suturalis  has been 
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recorded (Chandrababu et al.  1997 ). It was found 
that NSKE extract and endosulfan exhibited low 
toxicity to  B. suturalis  larvae and adults. 

 An interesting study of Patel and Yadav ( 1993 ) 
on the toxicity of some botanical and chemical 
insecticides to  Cheilomenes sexmaculata  and its 
hyperparasite  Tetrastichus coccinellae  shows that 
among the botanicals, nicotine sulphate (0.05, 
0.04 and 0.03 %), Repelin (0.5, 0.75 and 1.0 %) 
and Neemark (0.05, 0.2 and 0.4 %) were highly 
toxic to adults of  T. coccinellae , whereas they 
were absolutely safe to  C. sexmaculata.  In a 
detailed study of mortality and predation effi -
ciency of  Coleomegilla maculata  following appli-
cations of neem extracts, it was observed that the 
toxicity of the neem extracts to  C. sexmaculata  
was almost 100 % when both neem formulations 
were used at 10 % concentrations. The azadi-
rachtin contents in neem oil (v/v) and neem seed 
kernels (w/v) were 13.7 and 91.0 ppm, respec-
tively. Malathion was also tested at the fi eld rate 
of 2.85 g a.i./ha (Roger et al .   1995 ). Adult mortal-
ity rate of the coccinellids after 72 h was 100 % 
following malathion treatments. Neem oil 
 toxicity was observed after the treatments with 
the aqueous suspension of ground neem seeds. 
The predation effi ciency of  C. sexmaculata  was 
also evaluated after topical application of these 
three insecticides at sublethal doses. Fifteen 
minutes after treatment, adult coccinellids were 
provided with 30 aphids for 24 h. The aqueous 
suspension of ground neem seeds caused 50 % 
reduction in the number of aphids consumed. 

 Stark and Wennergren ( 1995 ) opined that tox-
icity of pesticides to bioagents might not be 
straightforward, but the susceptibility of various 
life stages should be estimated for noteworthy 
concussions. Banken and Stark    ( 1997 ) studied 
the stage and age infl uence on the susceptibility 
of  C. septempunctata  after direct exposure to 
neem product ‘Neemix’, where fi rst instars were 
treated by direct application of 0, 40, 100, 200, 
400, 600 and 1,000 ppm and fourth instars were 
treated with 400, 600, 800 and 1,000 ppm azadi-
rachtin, the active ingredient in Neemix. The 
LC50 for fi rst and fourth instars were estimated 
as 1,120 ppm and 520 ppm azadirachtin, respec-
tively.    These values were much higher than the 

recommended rates for control of aphids (3 
weekly applications of 20 ppm), suggesting that 
Neemix might be used in IPM programmes 
because application rates that control aphids 
should result in appreciable mortality of preda-
tors. Fourth instar larvae of  C. septempunctata  
were innately more sensitive to the growth- 
disrupting effects of acute exposure to Neemix 
than 151 instars. It is possible for early instars to 
sustain the effects of Neemix as long as the pesti-
cide is detoxifi ed before the onset of pupation. 
These results suggest that it is extremely impor-
tant to examine more than one life stage of a 
 species to estimate the total effect of pesticides. 
Banken and Stark ( 1998 ) also studied the expo-
sure and the risk of neem products against 
 C. septempunctata  using direct sprays, residues 
on leaves and pesticide-contaminated prey. The 
pesticide alone and the predator caused signifi -
cant decrease in aphid population. However, no 
signifi cant ( P  < 0.05) interaction between the 
predator and the pesticide was detected, indicat-
ing that the chemical and biological control 
agents were not working synergistically. 
Furthermore, exposure to the pesticide in micro-
cosms signifi cantly reduced or completely elimi-
nated oviposition in adult  C. septempunctata , and 
all of the larvae exposed to 100 or 600 ppm died 
within 10 days of treatment. Although survivor-
ship of adult ladybird beetles was unaffected, 
exposure to Neemix resulted in a severe reduc-
tion in fecundity or complete sterility depending 
on the concentration. 

 Mani et al .  ( 1997 ) studied the effect of 5 % 
neem seed kernel extracts on the predator 
 Cryptolaemus montrouzieri  and observed no det-
rimental effect on the progeny production. 
Dhaliwal et al .  ( 1998 ) tested Achook and 
Nimbecidine for the control of insect pests on 
cabbage. The neem formulations were evaluated 
at 1, 2 and 4 kg/ha and compared to 0.5 kg a.i./ha 
of endosulfan used as treated control. Among 
these, endosulfan was the most effective against 
all the insect pests, followed by Achook and 
Nimbecidine. The feeding effi ciency of the 
 C. septempunctata  on  L. erysimi  treated with 
neem- based insecticides was higher than for 
aphids treated with endosulfan. Studies on 
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 L. erysimi  control by Neemol and nicotine 
 sulphate applied alone or in combination with 
chemical insecticides dimethoate and methyl-O-
demeton in mustard (Vekaria and Patel  2000 ) 
have also revealed that both plant products were 
less toxic to the predators,  Diaeretiella rapae  and 
 C. septempunctata , than the chemical insecti-
cides. Chakraborti and Chatterjee ( 1999 ) also 
found that all formulations of neem were safe to 
the ladybird predators even at the highest concen-
trations (9 ml a.i./l). 

 Prasad and Logiswaran ( 1998 ) compared the 
toxicity of different insecticides to the adult of  C. 
sexmaculata  and reported that the neem oil is the 
safest insecticide based on LT 50 values. It was 
concluded that the less toxic phosalone, monocro-
tophos or neem oil could be integrated with the 
release of C.  sexmaculata  in the fi eld. Azadirachtin 
and dichlorvos also induced lowest toxicity to the 
predator  C. montrouzieri  (Sundari  1998 ), and 
Neemix and Multineem had least effect against 
predatory coccinellids (Mishra and Mishra  1998 ). 

 Singh and Singh ( 1996 ) tested different neem- 
based formulations and synthetic insecticides on 
aphidophagous coccinellids on  Brassica juncea.  
Achook (WSP), RD-9 Repelin, NeemAzal-T/S, 
Neemgold, Neemta 2100 and Nimbecidine at 
0.03 % were quite safe to coccinellids than the 
synthetic insecticides such as endosulfan 35EC, 
fenvalerate 20EC, dimethoate 30EC and Chess 
25EC. The order of safety was maximum in 
Achook followed by RD-9 Repelin, NeemAzal- -
T/S, Neemgold, Neemta 2100, Nimbecidine, 
endosulfan, Chess, fenvalerate and dimethoate 
during the fi rst experimental trial (1994–1995) 
and Neemgold followed by Achook, Annona 20 
EC, Neemta 2100, Achook EC, NeemAzal-T/S, 
endosulfan, Nimbecidine, Chess 25, fenvalerate 
and dimethoate during second experimental year 
(1995–1996). However, Imtiaz et al .  ( 1998 ) 
found two neem extracts (RB-a and RB-b at 
6,7,8,9 and 10 %) and an extract of bakayan 
 (Melia  sp.) berries (1, 2, 3, 4 and 5 %) toxic to the 
coccinellid  Coccinella  sp. and reported that 10 % 
RB-a and RB-b induced the highest mortality 
(85.7 and 82.5, respectively). Neem oil was, 
however, quite safe for natural enemies  Aphytis 
melinus  and  Chilocorus nigrita  predating 

 Aonidiella aurantii  (Krishnamoorthy and 
Rajagopal  1998 ). 

 Simmonds et al .  ( 2000 ) investigated the effect 
of crude neem seed extract, a formulation of aza-
dirachtin (Azatin), a pyrethrum extract and one 
of the two naphthoquinones isolated from 
 Calceolaria andina  Benth on the foraging behav-
iour of the  C. montrouzieri  larvae and adults. All 
the botanicals infl uenced the foraging behaviour 
of  C. montrouzieri , at one or more concentra-
tions. Larval and adult foraging behaviour was 
infl uenced most by neem that also affected larval 
behaviour; the predators contacted fewer treated 
leaves and spent less time on treated than on 
untreated leaves. Larvae also consumed fewer 
mealy bugs treated with naphthoquinones. 

 Ma et al .  ( 2000 ) assessed the toxicity of 
several biorational pesticides and chemicals to 
 H. armigera  and  H. punctigera  and also on the 
major predators in cotton ecosystem. Moderate 
dose- dependent control was obtained in plots 
treated with neem seed extract, azadirachtin 
(AZA) at rates of 30, 60 and 90 g/ha. Plots treated 
with Talstar EC (bifenthrin) applications 
achieved the best results, followed by treatment 
with alternation of chemicals (methomyl, bifen-
thrin, thiodicarb and endosulfan) and biorational 
insecticides (neem oil, azadirachtin and  Btk ). 
Predators, including coccinellids, chrysopids, 
Araneae and hemipterans, were insensitive to 
AZA, toosendanin (Tsdn) and  Bt  applications. 
In contrast, chemicals were very toxic to preda-
tors. The toxicity of azadirachtin to predaceous 
insects attacking bollworm,  H. armigera , by 
exposing  Menochilus signatus  and lacewings, 
 Harmonia conformis , to neem oil (50 and 
200 ppm) and endosulfan (50 and 200 ppm) 
through prey, which had consumed one or the 
other of these compounds, showed that endosul-
fan decreased predation rates by  H. conformis  at 
50 ppm. However, azadirachtin, when ingested 
with prey, did not affect predation rates between 
50 and 200 ppm concentrations (Oi et al .   2001 ). 
Neither of these pesticides caused direct mortal-
ity to adult beetles or lacewing larvae at the tested 
concentrations. Azadirachtin at both concentra-
tions delayed pupation of  M. signatus  and 
extended duration of the larval stage, which 
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increased the number of prey consumed by the 
predator causing serious morality of the pupae. 
However, pupal lacewings were all killed by 
200 ppm azadirachtin treatment and 50 % at 
50 ppm azadirachtin treatment, distinctly reduc-
ing the population of the next generation. 

 Two ladybird beetles,  Cycloneda sanguinea  
and  Harmonia axyridis , were tested in the labora-
tory to eight fungicide formulations commonly 
used in citrus production in Florida, USA. Both 
benomyl and the combination of copper and petro-
leum oil proved toxic to larvae of  C. sanguinea  
that were exposed to concentrations correspond-
ing to recommended fi eld rates, either as leaf 
residues or in topical spray applications. Larvae of 
 C. sanguinea  also suffered lethal effects when 
exposed to neem oil as a leaf residue, but not after 
topical application. No compound appeared repel-
lent to adult beetles of either species (Michaud 
 2001 ). Jalali and Singh ( 2001 ) reported that at 
fi eld recommended rates, endosulfan and neem-
based product (Replin) were safe to adults of 
 C. sexmaculata  immediately after spraying, giving 
20 and 0 % mortality in a semi-fi eld test up to 25 
days after spraying on cotton plants. Residues of 
Repelin R  were also safe to grubs. 

    Lok Nath and Singh ( 2003 ) evaluated the 
safety of four plant extracts, one neem formula-
tion and a synthetic insecticide (dimethoate) to 
the ladybird beetle ( C. septempunctata ) and syr-
phid fl ies (Syrphidae) predating on  H. coriandri  
infesting coriander ( Coriandrum sativum ) in 
Kumarganj, Faizabad, Uttar Pradesh, India, dur-
ing 2001/2002. One day after spraying, Pride of 
India ( Lagerstroemia indica ) seed kernel extract 
(PSKE 1 %) was the safest to both predators, fol-
lowed by karanj ( Pongamia glabra  seed kernel 
extract (1 %), neem ( A. indica ) seed kernel 
extract (1 %), buken ( Melia azedarach ) seed ker-
nel extract (1 %) and Neemarin (1 %). Dimethoate 
(0.03 %) was highly toxic to the ladybird beetle 
and syrphid larvae. A similar trend was evident at 
3, 5 and 7 days after spraying. Thus, the botanical 
extracts, especially PSKE, were safer and more 
environment-friendly insecticides when used on 
coriander crop for aphid control. Chakraborti 
( 2004 ) reported that detopping of affected shoots 
with pests at 16 days after transplanting (DAT) 

followed by application of neem cake at 3 and 
1 kg/m 2  at 20-day intervals or foliar application 
of neem oil at 10 ml/l + azadirachtin at 4 ml/l at 
7-day intervals beginning at 17 DAT were found 
to give better control of  A. gossypii ,  Scirtothrips 
dorsalis  and  Polyphagotarsonemus latus  on chilli 
crop, and at the same time, they spared coccinel-
lids, syrphids and spiders compared to chemical 
control. 

 Balikai and Lingappa ( 2004 ) tested the aque-
ous extracts of some selected plant products 
 during post rainy seasons in Bijapur, Karnataka, 
India, against the potential predators of aphids 
( C. sexmaculata ,  C. septempunctata ,  C. carnea , 
 Syrphus  sp. and  Ischiodon scutellaris ). The plant 
products were 2–3 times less toxic than mala-
thion. Endosulfan was as toxic as 5 %  Datura 
metel  whole plant extract, 0.05 % Neem soap and 
2 %  Pongamia pinnata  kernels. The botanicals 
such as 5 %  Ricinus communis  leaves, 5 % 
 Argemone mexicana  whole plant and 2 % 
 Prosopis julifl ora  leaves were less effective to the 
predators. The plant products 5 %  Catharanthus 
roseus  leaves, 5 %  Pongamia pinnata  leaves, 5 % 
 Azadirachta indica  kernels, 5 %  Vitex negundo  
leaves and 5 %  Adhatoda vasica  leaves were safe 
to natural enemies, and hence they can be effec-
tively utilized in sorghum ecosystem for aphid 
management. Abudulai et al .  ( 2004 ) studied the 
effects of Neemix 4.5 EC (at 210.4 g azadi-
rachtin/ha) on the predators of  N. viridula  eggs 
on cowpea plants in the fi elds. Egg predation was 
not signifi cantly different between the neem- 
treated and water-treated eggs in 2000 and 2001. 
Similarly, the percentage of predation on eggs in 
treated and untreated plots was not signifi cantly 
different in both years. During the study, red 
imported fi re ants ( Solenopsis invicta ) were regu-
larly seen preying on egg masses of  N. viridula  in 
the fi eld. Also,  Coccinella septempunctata , 
 Coleomegilla maculata lengi  and other coccinel-
lid larvae (Coccinellidae) were observed preying 
on eggs. Other predators of eggs were  Geocoris 
punctipes ,  Conoderus falli ,  Oecanthus celerinic-
tus  and  Gryllus  sp .  Silva and Martinez ( 2004 ) 
studied the effects of the neem seed oil aqueous 
solution on survival and performance of egg, 
larva and adult stage of the coccinellid predator 
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 C. sanguinea  under laboratory conditions. In a 
fi rst trial, eggs and 2nd instar larvae were sprayed 
with the neem solutions at 0, 0.5 and 2.25 ml/l. 
Spraying the eggs did not affect egg hatch or lar-
vae survival and development. When the larvae 
were sprayed, signifi cant mortality was observed 
only at the higher concentration, and larval devel-
opment and predatory capacity were not affected. 
Also, adults that emerged from treated larvae 
showed no alterations on sex rate, fecundity, fer-
tility and longevity, thus indicating that at the 
tested concentrations, the neem oil does not 
reduce the reproductive potential of the species. 

 Hamd et al. ( 2005 ) conducted greenhouse 
experiments at Khartoum (Sudan) with the aphid 
predator  Hippodamia variegata  and NSKE 
(25 g/1), NeemAzal-T/S (1 % azadirachtin A) and 
fenvalerate (Sumicidin R  20EC). An equivalent of 
400 l/ha was applied with a plastic hand sprayer, 
containing 0.2 l Sumicidin (40 g/ha fenvalerate), 
1.6 l NeemAzal (16 g/ha azadirachtin A) or 10 kg 
of neem seed powder (ca. 30 g/ha azadirachtin 
A was applied as neem seed water extract). The 
beetles were fed on  Aphis gossypii  reared on 
cucumber leaves. Four different stages of the 
predator were sprayed topically with the test prep-
arations. The preparations varied in their effects 
on the different stages of the predator. NSKE was 
less harmful to the predator than NeemAzal-
T/S. In topical treatments with NeemAzal-T/S, 
the corrected mortality (%) was eggs 37.7, larvae 
40.0, pupae 38.2 and adults 16.7; with neem seed 
water extract, eggs 15.1, larvae 26.7, pupae 29.4 
and adults 10.0; and with fenvalerate, eggs 86.8, 
larvae 100, pupae 73.5 and adults 100. Feeding 
L2 larvae and adults on contaminated aphids 
resulted in the following corrected mortalities 
(%): Sumicidin 100, NeemAzal ca. 40 and neem 
seed water extract 20/17 (larvae/adults). Feeding 
on aphids treated via the soil with neem seed 
water extract resulted at maximum in 26.4/16.7 % 
corrected mortality (larvae/adults), while no 
effects on the longevity of adults could be 
observed. So, in contrast to Sumicidin, neem 
preparations (being effective against pests) proved 
to be harmless for the benefi cial beetle. 

 Larvae of the seven spotted ladybird beetle 
 Coccinella septempunctata  were treated with 

azadirachtin, and the impact on haemogram was 
investigated for 1, 30 and 60 min after treatment. 
Total haemocyte count increased 1 min after 
treatment with azadirachtin. Overall, azadirachtin 
was relatively safe for  C. septempunctata  larvae 
(Anjum et al.  2007 ). 

    Swaminathan and Hussain ( 2010 ) tested the 
side effects of botanicals, viz . , neem seed kernel 
extract, eucalyptus oil and neem oil, against aphi-
dophagous coccinellids,  Adonia variegata , and 
found that neem seed kernel botanicals NSKE 
10 % caused the highest mortality followed by 
neem oil (5.0 %), and the posttreatment effect 
(1 day after) evinced maximum reduction in feed-
ing for NSKE (10 %) followed by neem oil (5 %).  

4.6     Syrphids 

 Field trial conducted using neem emulsifi able 
concentrate for the control of sorghum aphid 
 Melanaphis sacchari  did not show any adverse 
effect on syrphid larvae and adults of coccinellids 
(Srivastava and Parmar  1985 ). Third instar larvae 
of the hover fl y  Episyrphus balteatus  were mostly 
killed when treated with 100 ppm of an enriched 
seed kernel extract MTB/H20-VR-K synergized 
with sesame oil combined in a ratio of 1:4 
(Schauer  1985 ). The larvae/pupae of syrphid fl ies 
seem to be more sensitive to neem products than 
those of other predators. Eisenlohr et al .  ( 1992 ) 
reported that the number of syrphid larvae was 
not reduced in the fi eld after spraying of 
NeemAzal-F on peach trees infested by  Myzus 
persicae , but the survival of adults derived from 
larvae collected in the fi eld on treated trees and 
held afterwards in the laboratory was quite low. 
Lowery and Isman ( 1996 ) observed that adult 
emergence of     Eupeodes fumipennis  was reduced 
by neem oil (0.5, 1, 2 %) to 35, 24 and 0 %, 
respectively, in comparison with controls.  

4.7     Cecidomyiids 

 Lowery and Isman ( 1996 ) reported that the 
number of larvae of predaceous cecidomyiids 
was reduced in the fi eld after application of 
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neem seed extract and neem oil (1 %) as 
compared to controls.  

4.8     Lacewings 

 Neem seed kernel suspension 2 % sprayed on 
tobacco plants conserved  Chrysopa scelestes , an 
egg and larval predator of  S. litura  (Joshi et al .  
 1982 ). The adults of the lacewing  Brinckochrysa 
scelestes  ( Chrysopa scelestes ) were repelled 
from egg laying on cotton plants after they were 
sprayed with various commercial neem products 
of Indian origin and aqueous NSKE (Yadav and 
Patel  1992 ). First instar larvae of the predator 
emerged normally from treated eggs. Polyphagous 
predator,  Chrysoperla carnea , treated in labora-
tory and semi-fi eld trials with AZT-VR-K 
(1,000 ppm) and with a mixture of this product 
with neem oil (250–30,000 ppm) induced neem 
oil toxicity on eggs or adults; the fecundity of the 
latter was also not signifi cantly affected (Kaethner 
 1990 ,  1991 ). The number of eggs (fecundity) laid 
by adult females developed from treated larvae 
was normal. The mortality of larvae fed with 
neem-treated aphids did not differ from that of 
controls. On the other hand, 79 % mortality of 
larvae occurred after topical treatment in the 
laboratory. In contrast, spraying of potato plants 
together with larvae of  C. carnea  in screenhouses 
did not result in any toxic or morphological 
effects. 

 Vogt ( 1993 ) did not fi nd any signifi cant infl u-
ence of NeemAzal-F on the larvae of the lace-
wing in fi eld trials. In laboratory experiments of 
Hermann et al. ( 1997 ), high mortality of larvae 
and pupae of  C. carnea  occurred if larvae were 
kept on NeemAzal-T/S (0.3 and 0.6 %) contami-
nated glass plates (IOBC/WPRS standardized 
tests), but practically no mortality was found in 
semi-fi eld trials. Vogt et al .  ( 1997 ) also studied 
the effectiveness of NeemAzal-T/S at 0.3 % 
against  Dysaphis plantaginea  on apple and on its 
side effects on  C. carnea.  A single application of 
NeemAzal-T/S in April gave very good control 
of  D. plantaginea  for about 5–6 weeks. After this 
period,  D. plantaginea  built up new colonies and 
 Aphis pomi , too, increased in abundance. Yield 

losses caused by  D. plantaginea  were signifi -
cantly lower in the neem-treated plot than in the 
untreated control plot. The side-effect test 
revealed that in the fi eld NeemAzal-T/S was 
harmless to larvae of  C. carnea.  Neem seed 
extract was also found safe to  C. carnea  in com-
parison to nine insecticidal products (Sarode and 
Sonalkar  1999a ) where chlorpyrifos, deltame-
thrin and cypermethrin were found highly toxic 
to  Chrysoperla.  There was no mortality of 
 C. camea  due to neem-based pesticides like 
NSKE at 5 %; Neemark, Achook and Nimbecidine 
each at 0.003 % and neem oil at 1 % (Deole et al .  
 2000 ). On the contrary, Srinivasan and Babu 
( 2000 ) evaluated NSKE and commercial neem 
products, viz., NeemAzal-T/S, NeemAzal-F, 
Nimecidine, Neemgold, TNAU neem product 
0.03 % EC, TNAU neem product neem oil 60 EC 
and Indeem against eggs, grubs and adults of 
 C. carnea.  The products caused 14.66–25.33 % 
egg mortality compared to 8.00 % in untreated 
controls and 6.66–16.66 % grub mortality 
compared to 3.33 % in controls. The longevity of 
treated adults ranged from 18.66 to 20.66 days in 
treatments, while it was 23.66 days in control. 
Fecundity was also affected slightly by all neem 
products (599.66 to 741.66) as against 874.66 
eggs in controls. 

 Ingawale et al .  ( 2005 ) determined the effective 
and safer insecticides and plant products for the 
control of lucerne aphids (including  Acyrthosiphon 
pisum  and  A. kondoi ) and their effect on the pest 
predators (ladybirds and  Chrysoperla carnea ) in 
an experiment which was conducted during 
November 2002 in Rahuri, Maharashtra, India. 
The treatments comprised sprays of malathion 
0.05 %, DDVP [dichlorvos] 0.05 %, deltamethrin 
0.0075 %, dimethoate 0.03 %, neem [ Azadirachta 
indica ] seed extract 5 %, neem leaf extract 10 %, 
nirgudi leaf extract 10 %, Econeem 2 %, Nirma 
2 % and untreated control. Deltamethrin, dimeth-
oate, dichlorvos, malathion and Econeem gave 
consistently superior results over other treatments 
for the control of aphids at 2 and 7 days after 
spraying (DAS). At 15 DAS, only deltamethrin 
and dimethoate gave the best results. The untreated 
control recorded the maximum number of lady-
birds  followed by the botanical insecticides. As 
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regards  C. carnea  larvae, Econeem at 2 DAS and 
nirgudi leaf extract at 7 and 15 DAS showed the 
highest population. 

 Khan et al. ( 2013 ) tested neem oil and 
 Chrysoperla carnea  in different combinations 
against aphids in canola. Among the treatments, 
they found that module consisting of neem oil 
2 % +  C. carnea  proved very effective in reducing 
the aphid population and neem oil concentrations 
relatively safe to predators and suitable for use in 
integrated pest management of aphids in canola.   

5     Effect on Predatory Spiders 
and Mites 

 Saxena et al .  ( 1984 ) reported that the wolf spider 
 Lycosa (Pardosa) pseudoannulata , an important 
predator of leafhoppers in rice fi elds in Asia, was 
not harmed by neem oil and alcoholic or aqueous 
NSKE. In fact, neem oil (3 %) and aqueous 
NSKE (5 %) were quite safe for the spiders, 
though endosulfan induced 100 % mortality of 
the predators (Fernandez et al .   1992 ). NSKE, 
neem oil or neem cake extract (10 %) treated rice 
plots had better recolonization of spider  L. pseu-
doannulata  than in monocrotophos (0.07 %) 
treated plots after 7 days of treatment (Raguraman 
 1987 ; Raguraman and Rajasekaran  1996 ). The 
same neem products also spared the predatory 
mirid bug,  C. lividipennis  (Mohan  1989 ). The 
population of  L. pseudoannulata  and  C. lividi-
pennis  were reported to be unaffected by differ-
ent neem seed kernel extracts in paddy crop 
(Saxena  1987 ,  1989 ; Shukla et al .   1988 ; Jayaraj 
et al .   1993 ; Mariappan et al .   1993 ). Similar 
observation on rice crop was made by Nirmala 
and Balasubramaniam ( 1999 ) who studied the 
effects of insecticides and neem-based formula-
tions on the predatory spiders of rice ecosystem. 
It was observed that feeding effi ciency of 
 L. pseudoannulata  was higher than  T. javana  in 
all the treatments except in NSKE against green 
leafhopper  Nephotettix virescens  as prey, whereas 
rise in body weight was obtained in both predator 
species when they were treated with neem prod-
ucts, indicating the safety of neem to spiders. 
Babu et al .  ( 1998 ) also reported that a  combination 

of seedling root dip in 1 % neem oil emulsion for 
12 h + soil application of neem cake at 500 kg/ha 
+ 1 % neem oil spray emulsion at weekly inter-
vals gave an effective level of control of green 
leafhopper ( Nephotettix virescens ) infesting rice 
(var. Swarna). A combination of neem oil + urea 
at a ratio of 1:10 when applied three times at the 
basal, tillering and panicle  initiation stages gave a 
superior level of control of brown planthopper 
( Nilaparvata lugens ) .  The treatments, urea + 
nimin [neem seed extract] and a seedling root 
dip with 1 % neem oil emulsion + neem cake 
at 500 kg/ha + 1 % neem oil spray emulsion at 
weekly intervals was equally effective against 
 N. lugens.  All neem products had little effect 
on predators,  C. lividipennis  and  L. pseudoan-
nulata  (Sontakke  1993 ; Babu et al .   1998 ). 
NSKE sprays at 5, 10 and 20 % were also sub-
stantially safe for spiders and ants in cowpea 
ecosystems (Sithanantham et al .   1997 ). 

 Mansour et al .  ( 1986 ) studied the toxicity of 
NSKE from different solvents on the spider 
 Cheiracanthium mildei  and found that NSKE 
2 % did not affect the spiders. But at 4 % concen-
tration, the sequence of toxicity of the extracts 
was pentane > acetone > ethanol > methanol and 
water; the latter two solvent extracts were non- 
toxic. Mansour et al .  ( 1993 ) reported that the 
commercial products, namely, Margosan-O, 
Azatin and RD9 Repelin, showed no toxicity to 
the spider. Wu ( 1986 ) and Serra ( 1992 ) observed 
that the neem products were not at all toxic to 
predatory spiders. Nanda et al. ( 1996 ) observed 
the activity of natural enemies in cucurbit fi elds, 
where neem-based pesticides were applied for 
the control of  Henosepilachna vigintioctopunc-
tata.  Natural enemies observed in considerable 
numbers were  Tetrastichus  sp.,  Chrysocoris 
johnsoni ,  Tetragnatha  sp.,  Oxyopes  sp. and orb- 
web spiders, and neem product did not infl ict any 
harm to them. Lynx spider,  Oxyopes javanus , was 
less sensitive to neem oil (50 % EC) than  L. pseu-
doannulata  (LC50 values = 9.73 and 1.18 %, 
respectively) (Karim et al .   1992 ), thereby con-
fi rming that neem oil was the safest pesticide for 
spiders (Wu  1986 ). In corn (Breithaupt  1995 ) and 
cabbage fi elds (Saucke  1995 ) in Papua New 
Guinea, no signifi cant effect was observed 
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against  Oxyopes papuanus  from aqueous NSKE 
(2 %) or NeemAzal-S treatments.    Serra ( 1992 ) 
did observe adverse effects from NSKE 4 % 
applied on unidentifi ed spiders in tomato fi elds 
in the Caribbean. 

 The bioeffi cacy tests of neem derivatives 
against the predatory wolf spiders ( L. pseudoan-
nulata ), jumping spider ( Phidippus  sp.), lynx spi-
der ( Oxyopes  sp.), dwarf spider ( Callitrichia 
formosana ), orb spider ( Argiope  sp.), damselfl ies 
( Agriocnemis  sp.) and mirid bug ( C. lividipennis ) 
showed that neem seed kernel extract and neem 
oil were relatively safer than the insecticides to 
 L. pseudoannulata ,  Phidippus  sp. and  C. lividi-
pennis  in fi eld conditions (Nanda et al .   1996 ). 
Markandeya and Divakar ( 1999 ) evaluated the 
effect of a commercial neem formulation 
(Margosan 1500 ppm) in the laboratory against 
two parasitoids and two predators. The formula-
tion was tested at the fi eld recommended dose 
of 10 ml/l. The neem formulation Margosan 
1,500 ppm was safe to all the four bioagents 
studied, viz.,  T. chilonis ,  B. brevicornis ,  L. pseu-
doannulata  and  C. sexmaculata.  Spider popula-
tion in rice ecosystem was the lowest in 
carbofuran treatment and highest in neem cake 
treatments. The mean predator population of 
 Ophionea indica ,  Paederus fuscipes ,  Lycosa  sp. 
and coccinellid beetles was signifi cantly higher 
in plots with  Azolla  at 5 t/ha, with or without 
neem cake at 1.51/ha, in fi eld trials conducted in 
southern Tamil Nadu, India, under lowland rice 
irrigated conditions (Baitha et al .   2000 ). 

 Predatory mites and spiders also showed 
appreciable tolerance to neem-based insecticide 
sprays both in laboratory and fi eld. The effect of 
Neemguard obtained from  A. indica  seed ker-
nels on the predacious mite  Phytoseiulus persi-
milis  and the predatory spider  Cheiracanthium 
mildei  was investigated in laboratory experi-
ments. Neemguard had no toxic effect on  C. 
mildei  or  P. persimilis  (Mansour et al .   1997 ). 
Azadirachtin (Nimbokill 60 EC)-based products 
were relatively safe to the predatory mite 
 Amblyseius fallacies  (Kain and Agnello  2002 ). 
Rao et al. ( 2003 ) reported that neem oil, Biobit R  
+ fl ufenoxuron, profenofos + Biobit and lambda-
cyhalothrin + Biobit showed the best control of 

the rice leaffolder and also conserved the spiders 
in the fi eld. Biobit treatment alone resulted in a 
leaf folder damage of 17.55 % folded leaves 
with predator population 4.33–5.33 predator/
fi ve hills. 

 Punzo ( 2005 ) conducted an experiment to 
evaluate the effects of azadirachtin on the mortal-
ity, growth and immunological function of the 
whipscorpion,  Mastigoproctus giganteus , a large 
arachnid predator commonly found in arid areas 
and agroecosystems in southwestern USA and 
Florida. Ingesting prey injected with 1.0 and 
10.0 mg/l of neem seed extract containing azadi-
rachtin resulted in signifi cant mortality over the 
30-day test period. Ingestion of prey injected 
with 10 ppm azadirachtin gave signifi cant mor-
tality in both protonymphs and adult females. 
The ingestion of prey treated with 1.0 and 10 mg 
azadirachtin signifi cantly decreased the size of 
 M. giganteus  nymphs. The pupae of azadirachtin- 
treated insects often exhibit deformities to the 
head and thoracic appendages. 

 Water extract of  Calotropis gigantea  was 
evaluated to  Chrysoperla carnea  and reported to 
exhibit normal egg hatchability and less larval 
and adult mortality (Patil et al .   1997 ) .  Aqueous 
suspension of  C. gigantea  did not affect hatch-
ability and incubation period of  Rhynocoris 
marginatus  (Sahayaraj    and Paulraj  1999a ). Leaf 
extract of  Catharanthus roseus  was safe to 
grubs, pupae and adults of predators such as 
coccinellids, chrysopids and syrphid fl y (Balikai 
and Lingappa  2004 ). Patil et al .  ( 1997 ) also 
reported the safety of  C. roseus  water extract to 
 C. carnea.  Methanol and ethanol crude extracts 
of  Chenopodium fi cifolium  were harmful to ben-
efi cial insects (Quang et al.  2010 ). Matter et al .  
( 1993 ) tested the oils from  Citrus aurantium , 
 Melia azedarach  and  Melia volkinsis  on 
 Coccinella septempunctata  in the laboratory; 
none of them affected the adult survival and 
behaviour and also the consumption of aphids. 
 Chrysanthemum coronarium  whole plant extract 
was safe to benefi cial natural enemies (Mourad 
et al .   2008 ). Acetone extracts of  Cymbopogon 
citrates  exhibited adverse effects on eggs, 
reduced effi ciency of predation in larvae and 
induced poor rate of pupation on the Coccinellids, 
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 Cheilomenes lunata  and  Cheilomenes vicina  
(Ofuya and Okuku  1994 ). 

 Whole plant extract of  Datura metel  was safe 
to grubs, pupae and adults of coccinellids, 
chrysopids and syrphid fl y (Balikai and Lingappa 
 2004 ). Rotenone from  Derris elliptica  caused 
mortality of larvae and adults of  Coleomegilla 
maculata  and  Chrysoperla carnea  (Hamilton and 
Lashomb  1997 ),  Perillus bioculatus  (Goldstein 
and Keil  1991 ),  Dolichogenoidea  and  Chrysoperla 
externa  (Iannacone and Lamas  2003a ,  b ). But 
rotenone was safe to all the three instars of gener-
alist predator,  Metacanthus tenellus  (Oliver and 
Bringas  2000 ). 

 Leaf extract of  Ipomoea carnea  was safe to 
predators such as coccinellids and chrysopids 
(Patel et al.  2003 ). Patil et al .  ( 1997 ) evaluated the 
effect of  Lantana camara  to  C. carnea  and 
reported normal egg hatchability and low mortal-
ity of larvae and adults. Leaf extracts of  L. camara  
and  Jatropha curcas  were safe to predators such 
as coccinellids, chrysopids and syrphids (Patel 
et al.  2003 ). Leaf extract of  Justicia adhatoda  
(syn.  Adhatoda vasica)  was safe to grubs, pupae 
and adult stages of predators such as coccinel-
lids, chrysopids and syrphid fl y (Balikai and 
Lingappa  2004 ). 

 Leaf extract of  Melia azedarach  showed low 
mortality of mirid predator (Jazzar etal .  1999). 
Leaf extract of  Mentha spicata and Thevetia 
neriifolia  was safe to coccinellids, chrysopids 
and syrphids fl y (Patel et al.  2003 ). Acetone 
extract of  Momordica charantia  exhibited 
adverse effects on eggs, reduced effi ciency of 
predation by larvae and induced poor rate of 
pupation on coccinellids,  Cheilomenes lunata  
and  C. vicina  (Ofuya and Okuku  1994 ). 

 Nicotine sulphate from  Nicotiana tabacum  did 
not affect adults of  Leptomastidea abnormis , 
 Scymnus  sp .  (Viggiani  1973 ) and  C. septempunc-
tata  (Singh et al .   1985 ). But nicotine sulphate was 
found to be toxic to  Phytoseiulus persimilis  
(Stenseth  1990 ), to  Amblyseius eharai  (Kashio 
 1983 ), to  Hyposoter annulipes  (Heneidy et al .  
 1988 ), to  Campoletis chlorideae  (Gunasena et al .  
 1990 ), to  Dacnusa sibirica  and  Diglyphus isaea  
(Heyler et al .   1992 ) and to  Apanteles africanus  

(Chari et al .   1996 ). On the contrary the nicotine 
from  N. tabacum  was safe to  Curinus coeruleus  
(Diraviam and Viraktamath  1993 ). 

    Patil et al .  ( 1997 ) evaluated the effect of leaf 
and whole plant extracts of  Parthenium hys-
terophorus  and found that the extracts did not 
affect eggs, larvae and adults  C. carnea.  Water 
extract of  Pongamia pinnata  did not infl uence 
hatching and incubation periods of eggs of 
 Rhynocoris marginatus  (Sahayaraj and Paulraj 
1999). Derivatives of  P. pinnata  were least harmful 
to benefi cial insects (Jayaraj  1991 ; Saminathan 
and Jayaraj  2002 ). Leaf or seed extracts of  Par-
thenium hysterophorus ,  Pongamia pinnata ,  Prosopis 
julifl ora and Ricinus communis and Vitex negundo  
were safe to grubs, pupae and adults of predators 
such as coccinellids, chrysopids and syrphid fl y 
(Balikai and Lingappa  2004 ). 

 Ryanodine isolated from  Ryania speciosa  
was safe to predators such as  Tetranychus 
urticae  and  Amblyseius longispinosus  (Schicha 
 1975 ),  Stethorus loxtoni ,  Stethorus nigripes  and 
 Stethorus vagans  (Walters  1976 ) and     Typhlodromus 
helenae  (Schicha  1977 ). Koodalingam et al .  ( 2009 ) 
tested the sublethal concentrations of  Sapindus 
emarginatus  and observed that the kernel extract 
was found to be safe for two non-target aquatic 
larvae of  Chironomus costatus  and the nymphs of 
 Diplonychus rusticus.  

 Alpha-terthienyl from roots of  Tagetes  species 
possessed all the desirable properties of a good 
insecticide/pesticide. It is fast acting, non-toxic, 
economic and property of degradation makes it 
more user friendly and safe (Manish et al.  2001 ). 
    Trichilia havanensis- derived limonoids namely 
azadirone and 1,3+1,7-di- O -acetyl-havanensin 
did not show any toxic effect on two natural ene-
mies  Chrysoperla carnea  and  Psyttalia concolor  
(Pilar et al.  2006 ). Patil et al .  ( 1997 ) reported that 
extracts of  Thuja occidentalis  and  Vitex negundo  
did not signifi cantly reduce egg hatching and 
spared the adults  C. carnea.  Water extract of 
 V. negundo  did not affect the hatchability and 
incubation period of  Rhynocoris marginatus  
(Sahayaraj and Paulraj  1999a ,  b ). Acetone extract 
of  Zingiber offi cinale  exhibited adverse effects 
on eggs, reduced predatory effi ciency of larvae 
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and induced poor rate of pupation to  Cheilomenes 
lunata  and  C. vicina  (Ofuya and Okuku  1994 ).  

6     Effect on Honey Bees, 
Other Social Wasps 
and the Environment 

  Allophylus edulis  extracts did not show any toxic 
effect against benefi cial insect honey bee  Apis 
mellifera  (Lucia et al.  2009 ). Oil from  Allium 
sativum  was toxic to benefi cial insects (Olkowski 
et al .   1995 ). Bees were moderately harmed by 
spraying  A. indica  extracts before fl owering 
(Schmutterer and Hoist  1987 ). Neem products 
were found to be harmless to spiders, butterfl ies, 
ladybird beetles, wasps and bees (Saxena  1987 ; 
Schmutterer and Hoist  1987 ). Neem extracts had 
minimal toxicity on non-target organisms such as 
predators and pollinators (Naumann and Isman 
 1996 ) and degraded rapidly in the environment 
(Barrek et al .   2004 ).  A. indica  oil spray treatments 
were found to have no effect on adult honeybee 
populations (Melathopoulos et al .   2000 ). Neem 
seed oil (1 %) showed reduction in pollinator 
population 1 day after application (Harjindra 
Singh et al .   2010 ). 

 Azadirachtin, one of the more potent bioactive 
compounds from  A. indica , was, in general, 
harmless to butterfl ies, bees, ladybirds and wasps 
(NRC  1992 ) and has very low mammalian toxicity 
and is relatively safe to benefi cial insects (Gandhi 
et al .   1988 ). Azadirachtin was toxic to bee larvae, 
though less toxic to adults (Peng et al .   2000 ). 
Azadirachtin seems to be selective, non- mutagenic 
and readily degradable, with low toxicity to 
non-target and benefi cial organisms, and causes 
minimal disruption to the ecosystem (Sundaram 
 1996 ). Azadirachtin can cause direct mortality, 
as it was determined for larvae of  Apis mellifera  
and  Phormia terraenovae  (Rembold et al.  1981 ; 
Wilps  1987 ). 

  Commercial  products from  A. indica  are 
reported to be harmless to natural enemies, 
 pollinators and other non-target organisms (Ranga 
Rao et al.  2008 ; Singh and Singh  1996 ).  A. indica  
formulations were found to be quite safe to 
 spiders (Samiayyan and Chandrasekharan  1998 ). 

 A. indica- based insecticides had negligible 
effects on benefi cial insects and low environmen-
tal impacts (Schmutterer  1995 ; Haseeb et al .  
 2004 ; Greenberg et al .   2005 ; Isman  2006 ). 
 A. indica  preparations are said to be safe for bees; 
they do) affect the foraging behaviour and fl ight 
distances of bumble bees. The sublethal doses of 
azadirachtin affected the foraging distance of 
bumble bees (Karise et al.  2007 ) .  NeemAzal-T/S, 
a formulated product of  A. indica , was proved to 
be harmless for the benefi cial beetle (Hamd et al. 
 2005 ). When bees were caged in cotton fi eld 
after spray, NeemAzal did not cause any mortal-
ity of honey bees lh after spray (Mann and 
Dhaliwal  2001 ). 

 An exclusive review by Boeke et al .  ( 2004 ) 
expressed that  A. indica  provides many useful 
compounds that are used as pesticides and could 
be applied to protect stored seeds against insects. 
However, in addition to possible benefi cial health 
effects, such as blood sugar-lowering properties 
and antiparasitic, anti-infl ammatory, antiulcer 
and hepato-protective effects, also toxic effects 
are described. Also, they presented toxicological 
data from human and animal studies with oral 
administration of different neem-based prepara-
tions. The nonaqueous extracts appear to be the 
most toxic neem-based products, with an esti-
mated safe dose (ESD) of 0.002 and 12.5 μg/kg 
bw/day. Less toxic are the unprocessed materials 
seed oil and the aqueous extracts (ESD 0.26 and 
0.3 mg/kg bw/day and    2 μl/kg bw/day respec-
tively). Most of the pure compounds show a rela-
tively low toxicity (ESD azadirachtin 15 mg/kg 
bw/day). For all preparations, reversible effect on 
reproduction of both male and female mammals 
seems to be the most important toxic effect upon 
subacute or chronic exposure. From the available 
data, safety assessments for the various neem- 
derived preparations were made, and the out-
comes are compared to ingestion of residues on 
food treated with neem preparations as insecti-
cides. This leads to the conclusion that, if applied 
with care, use of neem-derived pesticides as an 
insecticide may be encouraged. 

  Clytostoma callistegioides ,  Dolichandra 
cynanchoides ,  Dodonaea viscosa    ,  Macfadyena 
unguis-cati ,  Phytolacca dioica ,  Prosopis julifl ora , 
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 Salvia procurrens  and  Salvia guaranitica  extracts 
did not show any toxic effects on the benefi cial 
insect honey bee  Apis mellifera  (Lucia et al. 
 2009 ).  Chrysanthemum coronarium  whole plant 
extract was safe to benefi cial natural enemies, 
humans and the environment (Mourad et al .  
 2008 ). Rotenone from  Derris elliptica  was toxic 
to bumble bees (Marletto et al .   2003 ).  Pongamia 
pinnata  (seed oil 1 %) showed reduction in pol-
linator population 1 day after application 
(Harjindra Singh et al .   2010 ).  

7     Conclusions 

 From the foregoing, it is summarized that plant- 
derived insecticides show slight to moderate ill 
effects on parasitoids, predators and honeybees 
as obviously they also belong to the same class 
Insecta. But its innate biodegradability and low 
mammalian toxicity put them at height of ‘safe/
green’ insecticides. In the case of parasitoids, 
certain guiding principles are suggested in 
accordance with multi-array activities of neem 
products in insects. Parasitoids are also suscepti-
ble, when they come in direct contact with plant 
origin insecticides including neem products. 
In such circumstances, blanket application of 
neem/any botanical product without understand-
ing the behaviour of the parasitoid may adversely 
affect the benefi cial capacity of the parasitoid. 
For example, the inundative release of the egg 
parasitoid  T. chilonis  should be resorted 3–4 days 
before/after neem product application. The exter-
nal larval parasitoids are no exception to the ill 
effects, if they are in direct contact with neem 
products. To avoid this, for inundative releases, 
application of neem products may be followed by 
the release of the parasitoids and spraying may be 
avoided if the parasitoids are in larval stages in 
the fi eld. Hence, pre-sampling is suggested to 
know the stage of the parasitoid, be it internal or 
external, for timing the application of botanical- 
based insecticides. 

 In the case of predatory insects and spiders, 
certain degree of selectivity is nevertheless appar-
ent, as adult insects show no or relatively low 
sensitivity as in the case of earwigs, crickets, true 

bugs, beetles, lacewings and wasps. This can be 
explained by the fact that growth-disrupting com-
pounds affect the fi rst line juvenile instars of 
insects. The fecundity of neem-treated adult and 
predaceous parasitic insects and the fertility of 
their eggs are also not or only slightly affected by 
neem, in contrast to some phytophagous species. 
In some cases, the predation effi ciency may be 
reduced. Nymphal/larval instars    of benefi cial 
insects are sensitive to neem products when topi-
cally treated, and reduction in food ingestion, 
delayed growth, diffi culties in moulting, tereto-
logical and morphogenetic defects, reduced 
activity and increased mortality are normally 
observed in the laboratory. But far less drastic or 
even no effects are observed under semi-fi eld or 
fi eld conditions. This is partly due to the fast 
breakdown of the active principles under fi eld 
conditions. 

 Neem and entomophages are twin gifts in IPM 
without endangering the agroecosystem. In fact, 
conservation biological control most commonly 
used the activity of native organisms. Hence, 
pre- sampling the parasitoids/predators is neces-
sary in timing the application of botanical 
insecticides including neem products in order to 
avoid ill effects, if any. The ‘integrated biological 
control’ will include natural enemies vis-à-vis 
other botanical insecticides for organic produc-
tion of agricultural products and to avoid the ill 
effects of synthetic chemical pesticides.     
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    Abstract  

  Arthropods are infesting mammals, birds, and reptiles throughout the 
world and possess serious threat to economical livestock production indus-
tries. Besides causing direct effect on hosts through sucking of blood, irri-
tation, damage of skin, retarded growth, and loss of production, they 
transmit a number of viral, rickettsial, bacterial, and protozoan diseases 
affecting wild, domestic animals and humans. For the control of these seri-
ous pests, synthetic chemicals are continuously used which possess inher-
ent toxicities that endanger the health of farm operators, consumers, and 
the environment. Negative effects on human health led to resurgence in 
interest in botanical insecticides because of their minimal costs and eco-
logical side effects. Botanicals affect only target pests and closely related 
organisms, are effective in very small quantities, decompose quickly, and 
provide residue-free food and safe environment to live. As an integrated 
pest management program, botanicals can greatly reduce the use of con-
ventional insecticides or be used in rotation or in combination with other 
insecticides, thereby reducing the use of conventional insecticides and 
possibly mitigate the development of resistance in pest populations. Plant-
based insecticides induce not only acute toxicity to pests but also deter-
rence and/or repellence which may contribute to overall effi cacy against 
some pests that cause great economic losses    as well as transmit diseases to 
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animals and humans. The present review is focused on progress in the 
development of plant-based insecticides effective against ticks, fl ies, lice, 
and mite infestations on milk- and meat-producing animals.  

  Keywords  

  Chemical insecticides   •   Resistance   •   Botanicals   •   Anti-fl ies   •   Lice   •   Mites   
•   Ticks   •   Animal health and production  

1         Introduction 

 Botanical pesticides have a proven track record 
and long use as simple extractives for pest control 
and have spun off important groups of synthetic 
pesticides with phytochemical leads such as 
pyrethroids and neonicotinoids. While botanicals 
are now a small part of the overall pesticide mar-
ket due to replacement by synthetics, the new 
“green movement” has provided a favorable 
environment for the rebirth of botanical insecti-
cides. Public concern over the use of chemical 
insecticides is growing. This has led to the large 
growth in organic agriculture where the industry 
self- regulates the use of products restricting syn-
thetics but allowing some botanical pest control. 
Public resistance to adoption of genetically 
modifi ed organisms is another factor favoring 
alternative control measures such as biopesti-
cides, biocontrol, and other methodologies. 

 In reality, however, botanicals have certain 
advantages but an equal number of drawbacks in 
practical use. The advantages of botanical pesti-
cides lie in their qualities such as rapid degradation, 
lack of persistence, or bioaccumulation in the 
environment, which are the major problems of 
synthetics. For example, DDT residues, still 
present in sandy soils in some countries decades 
after its use was discontinued, contaminated 
medicinal crops grown in these soils to levels 
which disallowed their export. On the other, 
botanical pesticides such as piperamides and 
alpha-terthienyl are degraded in the environment 
in hours or days. A long history of safe use of 
many herbal/natural products provided a confi -
dence about their low risk, although this may not 
be implicit for those which will be developed in 

the future. The diversity and redundancy of 
phytochemicals in botanical extracts are also 
useful. Redundancy, which is the presence of 
numerous analogs of one compound, is known to 
increase the effi cacy of extractives through analog 
synergism, reduce the rate of metabolism of the 
compounds, and prevent the evolution of pesticide 
resistance when selection occurs over several 
generations. From a research discovery point of 
view, the number of insect deterrents derived 
from plants seems endless as coadaptation 
appears to have produced a huge diversity of 
novel compounds across the plant kingdom and a 
remarkable redundancy of plant defenses within 
each plant species. Research activities have pro-
vided many applications of herbal pesticides as 
“behavior-modifying” antifeedants, “repellent/
fumigant/insecticidal” essential oils, and/or innu-
merable novel modes of actions of large number 
of products to be developed in the future. 

 Despite many advantages, the market for 
botanical pesticides has a number of major 
challenges, and although there has been growth 
in the market, it has not grown in a comparable 
way like that of other botanical medicines in 
recent years. The Environmental Protection 
Agency (EPA) has fi xed lesser registration 
requirements to a variety of traditionally used 
insecticide products. Hence, growth is expected 
in the fi elds of research, development, production, 
and marketing of botanical pesticides in develop-
ing/developed countries. 

 Flies, lice, mites, and ticks are causing severe 
problems in livestock industry directly reducing 
the effi ciency of animals to enhance growth and 
production. Some of these arthropods are also 
transmitting many fatal diseases to animals 
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(theileriosis, babesiosis, anaplasmosis, trypano-
somiasis, ehrlichiosis, etc.) and to humans 
(CCHF, borreliosis, rickettsiosis, Rocky 
Mountain spotted fever, relapsing fever, and 
Colorado tick fever) (Ghosh et al.  2006 ; 
Azahaianambi and Ghosh  2007 ). Use of syn-
thetic chemicals with insecticidal properties 
such as organochlorines, organophosphates, 
carbamates, pyrethroids, and macrocyclic lac-
tones is the backbone to control arthropods all 
over the world. However, extensive and indis-
criminate applications fostered not only several 
environmental and health concerns but also 
widespread development of resistance to almost 
all available chemicals (Nauen  2007 ; De la 
Fuente et al.  2007 ; Ghosh et al.  2007 ) and 
unwarranted toxic or lethal effects on nontarget  
organisms (Milam et al.  2000 ). Due to several 
undesirable and unsustainable features of chem-
ical insecticides, integrated pest management 
(IPM) has been considered as the only sustain-
able option. Of the various components of IPM, 
strategic use of eco-friendly compounds of plant 
sources has been considered most potent, and 
literatures are fl ooded with information on 
insecticidal properties of plants grown in sev-
eral countries (Murugan and Jeyabalan  1999 ; 
Amer and Mehlhorn  2006 ; Ravindran et al. 
 2012 ; Kaaya  2000 ; Ghosh et al.  2013 ). 

 An old review by Roark ( 1947 ) described 
around 1,200 plant species that have been listed 
in the literature having insecticidal potential. 
These studies have exposed an array of botani-
cals with a wide bioactive spectrum such as fun-
gicides, nematicides, acaricides, insecticides, and 
carcinogenic inhibitors. Several investigators 
have resorted to explore plant resources to fi nd 
alternate and eco-friendly compounds with 
potent insecticidal activity (Murugan and 
Jeyabalan  1999 ; Amer and Mehlhorn  2006 ). 
However, reviews especially focused on natural 
products showing activity against arthropods of 
veterinary medical importance are comparatively 
very limited. In the present chapter, a compre-
hensive account on botanical insecticides/acari-
cides useful for the control of arthropods affecting 
animals is provided. 

1.1     Botanicals Against Flies 

 Plants produce numerous secondary compounds 
that serve as repellents, feeding deterrents, or 
toxicants to phytophagous insects (Levin  1976 ). 
Defensive phytochemicals are grouped into fi ve 
broad categories: growth regulators, nitrogen 
compounds, phenolics, protease inhibitors, and 
terpenoids (Moore and Debboun  2007 ; Moore et 
al.  2007 ). 

 A repellent can generally be described as a 
substance that can be used “to cause movement 
away from stimuli to be repulsed” or “an agent of 
action as in any stimulus which elicits an avoid-
ing reaction.” Insects detect odors when volatile 
odor binds to odorant    receptor (OR) proteins dis-
played on ciliated dendrites of specialized odor 
receptor neurons (ORNs) that are exposed to the 
external environment, often on the antennae and 
maxillary palps of insects. Some ORNs, such as 
OR83b that is important in olfaction, are blocked 
by synthetic repellent DEET ( N    , N -diethyl-3- 
methylbenzamide) (Ditzen et al.  2008 ). 

 An ideal repellent should provide protection for 
up to eight hours against an array of blood- feeding 
arthropods with a single treatment. All repellents 
exhibit some degree of volatility, and when 
applied, it allows for the production of a vapor 
layer, creating an unpleasant or offensive surface, 
smell, or taste to biting arthropods (   Maibach et al. 
 1974 ). All repellent compounds have a relative 
vapor pressure which is directly correlated to 
vapor repellency. When vapor repellency is corre-
lated with the boiling point of the chemical com-
pound, optimal effective range falls somewhere 
between 230 and 260 °C, and so the compounds 
with lower boiling points have enough volatility to 
exert some vapor repellency, but not so much vola-
tility that they evaporate away quickly (Brown and 
Hebert  1997 ). Therefore, naturally derived com-
pounds with high vapor pressures will dissipate 
rather rapidly, whereas those with low vapor pres-
sures will vaporize too slowly and may not supply 
enough volatile repellent compound to be effective 
(Paluch et al.  2010 ). A repellent’s effi cacy can be 
dramatically affected by sweating, abrasion of 
treated areas, heat, humidity, and getting treated 
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areas wet or washed with water. In addition, envi-
ronmental factors such as temperature, wind, and 
humidity affect repellent delivery systems, 
thereby infl uencing repellent effectiveness by 
impacting variability (Brown and Hebert  1997 ). A 
repellent’s effectiveness is a combination of the 
relative vapor pressure (volatility) and delivery 
system (formulation). 

 Essential oils are generally known to have 
fumigant insecticidal properties, effects on 
behavior modifi cation (attraction/repellency), 
and contact toxicity for different life stages (Koul 
et al.  2008 ). Natural oils are complexes of many 
biologically active constituents including terpenes, 
acyclic monoterpene alcohols, monocyclic 
alcohols, aliphatic aldehydes, aromatic phenols, 
monocyclic ketones, bicyclic monoterpene 
ketones, acids, and esters (Koul et al.  2008 ). The 
composition of oils from a particular plant spe-
cies can be affected by the plant tissues used for 
extraction, cultivar variation, climatic and growth 
conditions, and the methods used for extraction 
and analysis. For this reason, there have been 
considerable efforts to examine the effects of 
individual components that are common to those 
essential oils known to have repellent properties 
(Isman  2000 ; Koul et al.  2008 ). 

 Sharma and Saxena ( 1974 ) evaluated the 
effects of a range of individual terpenoids on 
muscid fl ies and found a wide variety of effects. 
Some acted as attractants but had inhibitory 
effects on embryonic or larval development 
(eugenol and farnesol), whereas others repelled 
gravid females and inhibited embryonic/larval 
development. Fly responses to terpenoids were 
highly dose dependent and some were attractive 
at low concentrations but repellent at high ones. 
Larvicidal effects of the tested materials were 
modest at all doses. In another study, neem 
extracts and refi ned azadirachtin were found 
moderately toxic to larvae of the horn fl y 
( Haematobia irritans ), but doses required to con-
trol housefl y larvae were deemed too high for 
practical application (Miller and Chamberlain 
 1989 ). Khan and Ahmed ( 2000 ) observed up to 
85 % mortality of adult housefl ies after exposure 
to neem extract, while Ezeonu et al. ( 2001 ) 
reported that extracts of sweet orange peels 

( Citrus sinensis ) were effective as fumigants 
against adult fl ies. 

 Para-menthane-3,8-diol (PMD) – originating 
from the hydrodistillation of the essential oil from 
the leaves of eucalyptus (Curtis  1992 ) – was tested 
extensively for repellency and found mediocre to 
N,N-diethyl-3-methylbenzamide (DEET) (Schreck 
and Leonhardt  1991 ). These early studies used 
the formulations obtained from the Chinese pro-
ducers that carried the active ingredient PMD in 
ethanol and the repellency was short lived. In 
reformulations, PMD concentration was 
increased to 50 % and ethanol was replaced with 
other carriers, and the repellency of the trans-
formed PMD was found similar to repellents con-
taining 50 % DEET (Trigg  1996 ). Further, in 
comparative study, Barnard and Xue ( 2004 ) 
ranked PMD as most effective after evaluating 
twelve commercially available repellent prod-
ucts, some of which contained up to 30 % 
DEET. In a very comprehensive study comparing 
various concentrations of PMD to DEET, 
researchers found virtually no difference in 
repellent performance during a 6-h fi eld trial 
(Carroll and Loye  2006 ). The PMD has a lower 
vapor pressure than volatile monoterpenes found 
in most plant oils (Barasa et al.  2002 ) and pro-
vides very high level of protection from a broad 
range of insect vectors over several hours (Carroll 
and Loye  2006 ). 

 Among many well-known phytochemicals, 
azadirachtin (a tetranortriterpenoid compound) is 
one of the most extensively studied biological 
insecticides extracted from the seed kernel of the 
neem tree  Azadirachta indica  (Schmutterer 
 1990 ). This    secondary metabolite is known to be 
effective against a wide range of insect pests as 
well as vectors (   Sriwattanarungsee et al.  2008 ), 
and its effi cacy against the targets has been 
proved by its ovicidal (Su and Mulla  1998 ), larvi-
cidal, pupicidal (Coria et al.  2008 ), and growth 
inhibitory (Okumu et al.  2007 ) effects. Despite 
these merits, there are, however, at least two 
notable disadvantages with azadirachtin: it 
degrades rapidly upon exposure to sunlight, 
resulting in great loss of its insecticidal activity, 
and azadirachtin (0.5 and 1 ppm) in water sus-
pension enhances the oviposition response of the 
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mosquito  Culex tarsalis  and this enhancement 
was more pronounced in 1-week- old neem formu-
lation (Su and Mulla  1999 ). 

 Palacios et al. ( 2009a ,  b ) screened effi cacy of 
essential oils of 21 medicinal and edible plants 
against muscid fl ies. Among the edible plants, 
essential oils from orange peel and eucalyptus 
leaves were the most toxic to fl ies. The limonene 
(92.5 %) and 1,8-cineole (56.9 %) were the prin-
cipal components of these oils. Of the medicinal 
plants, essential oils high in pulegone, menthone, 
limonene, and 1,8-cineole were the most toxic. In 
a comprehensive survey, Pavela ( 2008 ) reported 
that essential oils of rosemary ( Rosmarinus offi -
cinalis ) and pennyroyal mint ( Mentha pulegium ) 
showed more activity against adult fl ies in both 
fumigant and contact toxicity assays. Essential 
oils of peppermint ( Mentha piperita ) and blue 
gum ( Eucalyptus globulus ) were the most effec-
tive of six plant extracts examined by Kumar 
et al. ( 2011 ) which showed both insecticidal and 
repellent properties. Application of an emulsifi -
able concentrate formulation of peppermint oil in 
fi eld tests resulted in over 95 % control of fl ies 
(Kumar et al.  2011 ). The principal components of 
peppermint oil are menthone (20.9 %) and men-
thol (41.5 %) (Palacios et al.  2009b ). As a part of 
an assessment of plants native to Chile, Urzua 
et al. ( 2010 ) found that essential oils from 
 Haplopappus foliosus  revealed good activity 
against adult fl ies and limonene was the most 
abundant component in the extract. 

 In a comprehensive study, Mansour et al. 
( 2011 ) screened selected botanicals from agricul-
tural wastes ( Opuntia vulgaris ,  Zea mays , 
 Saccharum  spp.,  Punica granatum ,  Citrus 
aurantifolia ), three weeds ( Cichorium intybus , 
 Conyza aegyptiaca ,  Sonchus oleraceus ), three 
ornamental trees ( A. indica ,  Eucalyptus globulus , 
 Salix safsaf ), and one agricultural crop ( Piper 
nigrum ) against  Musca . The results of toxicity 
indicated the possible contact neurotoxic action 
of the active constituents of the plant species that 
is mainly related to the acetylcholinesterase and 
octopaminergic levels (Isman  2000 ) or the trans-
formation of the alcohol present into the insect 
body into the corresponding esters by the active 
constituents (Tsao and Coats  1995 ). The volatile 

extracts of  C. aurantifolia  (lime) and  E. globulus  
were found effective against muscid fl ies. It has 
long been recognized that the pesticidal activity 
of  Eucalyptus  refers to the compound 1,8-cineole 
which is abundantly present in the essential oil 
(Duke  2004 ). The ethanolic extracts of  C. aegyp-
tiaca  (LC 50  = 77.0 ppm) and  P. nigrum  
(LC 50  = 50.1 ppm) were found highly promising 
candidates as bioinsecticides. 

 Botanical extracts having characteristics of 
insect growth regulators (IGRs) can have a 
pronounced effect on the developmental period, 
growth, adult emergence, fecundity, fertility, and 
egg hatching resulting in effective control. The 
insect growth regulators are advantageous 
because they do not persist long in the environ-
ment due to their rapid biodegradation and low 
toxicity. The development of resistance to these 
substances has not yet been proved (Sheppard 
et al.  1992 ). Over 100 plant species contain 
bioactive substances related to phytoecdysones, 
phytojuvenoids, and anti-juvenile hormones, 
which act as IGRs (Varma and Dubey  1998 ). The 
use of ajugarins, isolated from  Ajuga remota  by 
Marcard et al. ( 1986 ), against mosquitoes is an 
example. Other examples include insect growth 
regulatory activity of crude petroleum ether–ace-
tone extracts of 25 angiosperm plants on fl y larvae 
(Neraliya and Srivastava  1996 ). The seed of 
 Peganum harmala  and leaves of  Acalypha indica , 
 Santalum album ,  Griffonia simplicifolia , and 
 Calotropis gigantea  were reported to have effect 
on larval–pupal and pupal–adult transformation 
stages of  Musca.  Seed extracts also induced some 
morphological abnormalities in larvae, pupae, 
and adult housefl ies. The abnormalities included 
retardation of development of larvae, failure to 
emerge from the pupal case, and incomplete 
development of wings in adults that died 12 h 
after emergence (Bisseleua et al.  2008 ). Shaalan 
et al. ( 2005 ) compiled the list of plant species 
having effects on growth, development, repro-
duction, abnormalities, hatching rates, and fertil-
ity. Despite toxic effects and reductions in adult 
emergence, some phytochemicals such as those 
from  Annona squamosa  do not alter the larval 
developmental period. Zebitz ( 1984 ) reported the 
anti-ecdysteroid activity of neem seed kernel extract 
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resulting in growth inhibition and prolonged 
developmental period. Comparable abnormalities 
have been recorded for  Musca  after treatment of 
the third larval instars with sesame, nigella, 
onion, difl ubenzuron, and pyriproxyfen (Khater 
 2003 ). The abnormalities could be attributed to 
the metamorphosis inhibiting effect of plant oils, 
as a result of the disturbance of hormonal control, 
suggesting a type of insect growth- regulating 
activity (Hussien  1995 ). 

 Identifi cation of phytochemicals with growth 
inhibition properties combined with a consider-
able capacity to reduce adult emergence is the 
desired end point of botanical insecticide 
research. Another desirable quality would be 
that a control agent induced IGR effects of less 
than the lethal dose so that recruitment could be 
reduced over time. Fortunately, adult emergence 
is commonly critically affected by phytochemi-
cals, which are often capable of causing a com-
bination of acute toxic and chronic growth 
effects. Hassan et al. ( 2012 ) reported IGR activ-
ities of  Ocimum tenuiflorum  and  Datura alba  
leaf extracts after 72 h of treatment. A wide 
range of morphogenetic deformities were 
observed and recorded in different categories 
including larval–pupal mosaic, abnormal pupae, 
and pupal–adult mosaic according to stage of 
metamorphosis when death occurred due to 
abnormal growth and molting. 

 Abdel-Aal ( 1996 ) attributed such decrease in 
weight of treated fl y to the decrease in total water 
content or decreased intensity of protein biosyn-
thesis. Also, it may be due to the lack of proper 
sclerotization of the newly formed puparium or 
evaporation of body fl uids. 

 Herbal products, NeemAzal T/S and Neemarin 
containing azadirachtin, were evaluated 
(Narladkar et al.  2006 ) for their effi cacy against 
 Culicoides  larvae. The LC 50  vales were 18.57 and 
23.44 ppm, respectively. The oviposition deterrent 
and ovicidal effects were observed at 35 and 
40 ppm. A herbal fl y repellent formulation (AV/
FRC/18) was found effective (Naraladker et al. 
 2011 ) for oviposition deterrence and ovicidal and 
larvicidal effects against  Culicoides  sp. in a farm 
in Maharashtra, India, without any adverse 
effects such as irritation, loss of production, or 

mortality of the animals. No residual effect was 
also noticed. Effi cacy of a repellent lotion con-
taining p-menthane-3,8-diol (16 %) and lemon 
grass oil (2 %) against  C. pachymerus  (Santamaría 
et al.  2012 ) was also investigated. Mean protec-
tion percentage of the repellent was 100 % up to 
4 h and 99.5 % up to 5 h. The protection time was 
up to 6 h. 

 Khater et al. ( 2009 ) reported signifi cant repel-
lent properties of essential oils of camphor 
( Cinnamomum camphora ), onion ( Allium cepa ), 
peppermint ( Mentha piperita ), chamomile 
( Matricaria chamomilla ), and rosemary 
( Rosmarinus offi cinalis ) against  Stomoxys calci-
trans ,  Haematobia irritans , and  Hippobosca 
equina  for 6 days posttreatment. 

 Besides the above extensively studied botani-
cals, there are a number of plant species having 
activities against fl ies. Some of the examples are 
listed in Table  11.1 , but further detailed studies 
are required to establish the marketable potential-
ity of the plant species for the control of fl ies.

1.2        Botanicals Against Lice 
and Mites 

 Lice infestations in animals are common espe-
cially during winter season. All the life cycle 
stages of chewing lice (order Mallophaga) and 
sucking lice (order Anoplura) are seen on the host 
and cause skin irritation and of the skin and stim-
ulate scratching, rubbing, and licking leading to 
restlessness, damage to hair coat, or fl eece and 
hides and loss of milk production. Treatment may 
be warranted to reduce the damage to the hide 
(Radostitts et al.  2007 ). 

 While compiling ethnoveterinary uses of plant 
extracts as lousicides, Muhammad Ishtiaq Ch and 
Khan ( 2006 ) reported that  Adhatoda vasica  L. 
and  Cannabinus sativus  L. have the potential to 
kill lice infestations on animals. Robles ( 2004 ) 
reported lousicidal activity of tobacco ( Nicotiana 
tabacum ), tubli ( Derris philippinensis ), makabu-
hay ( Tinospora rumphii ), and neem ( Azadirachta 
indica ) at the concentrations of 10 %, 20 %, and 
40 %, respectively, with 90 % mortality in vitro, 
whereas in vivo experimentation showed that 
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only tobacco and makabuhay induced 45.9 % and 
79.7 % reduction in infestations, respectively. 
Essential oils of pennyroyal, tea tree, and anise 
have potent insecticidal activity for killing lice 
and their eggs (Williamson  2007 ). The  Eucalyptus 
globulus  leaf oil-derived monoterpenoids were 
found to be highly toxic to eggs and to females 
(Yang et al.  2004 ). Khater et al. ( 2009 ) reported 
lousicidal properties of essential oils of camphor 
( Cinnamomum camphora ), onion ( Allium cepa ), 
peppermint ( Mentha piperita ), chamomile 
( Matricaria chamomilla ), and rosemary 
( Rosmarinus offi cinalis ). All treated lice were 
killed after 0.5–2 min, and the number of lice 
infesting buffaloes was signifi cantly reduced at 3, 
6, 4, 6, and 9 days after treatment with camphor, 
peppermint, chamomile, onion, and d-phenothrin, 
respectively. Davidović et al. ( 2012 ) reported the 
effi cacy of extracts of hellebore ( Helleborus  L., 
Ranunculaceae) and tobacco ( Nicotiana tabacum  
L., Solanaceae) against cattle lice and mange 
infestations. 

 Disease caused by mite infestations is highly 
contagious to domestic and wild animals and is 
characterized by scratching and serous exuda-
tions, and infected animals usually cease to feed 

and can become severely debilitated (Bates 
 1999 ). As in the case of other arthropod infesta-
tions in animals, there are a good number of eth-
noveterinary information available regarding 
the effi cacy of the plant extracts against mites 
(Table  11.2 ). However, very few of these extracts 
were experimentally tested in vitro and in vivo 
against infestations. For example, Kim et al. 
( 2004 ) screened 56 plant essential oils against 
poultry mite,  Dermanyssus gallinae . Hundred 
percent mortality at 0.07 mg cm −2  was observed 
with essential oils from bay, cade, cinnamon, 
clove bud, coriander, horseradish, lime dis 5 F, 
mustard, pennyroyal, pimento berry, spearmint, 
thyme red, and thyme white oils. In fumigation 
tests with adults at 0.28 mg cm −2 , essential oils 
of cade, clove bud, coriander, horseradish, and 
mustard were more effective in closed contain-
ers than open ones, indicating acaricidal action 
of vapor phase.

   Mägi et al. ( 2006 ) tested four medicinal plant 
extracts in 10 % ethanol solutions (hogweed, 
 Heracleum sosnowskyi ; Manden, mugwort, 
 Artemisia vulgaris  L.; tansy,  Tanacetum vulgare  L.; 
wormwood,  Artemisia absinthium  L . ) and seven 
essential medicinal oils used in 1 % emulsions 

   Table 11.1    Plants with their common names having fl y repellent action   

 Family  Plant species  Common name  Part used  Animal species 

 Arecaceae L.   Phoenix dactylifera   Khajoor  –  Cattle, sheep 
 Asclepiadaceae (Ait.)   Calotropis procera   Aak  Aerial part  Cattle, goat 
 Lamiaceae   Mentha arvensis  L.  Podina  Leaf  Sheep 
 Linaceae   Linum usitatissimum  L.  Alsi  Leaf  Cattle, buffalo, sheep, 

goat 
 Meliaceae   Azadirachta indica  A. Juss .   Neem  Seed, leaf  Do 
 Rutaceae   Citrus medica  L.  Nimbu  Leaf  Sheep 
 Solanaceae   Capsicum annuum  L.  Surkh mirch  Fruit  Goat 
 Solanaceae   Nicotiana tabacum  L .   Tambaku  Leaf  Cattle, buffalo, sheep, 

goat 
 Zingiberaceae   Curcuma longa  L.  Haldi  Root  Do 
 Araceae   Arisaema fl avum   Soro ganda  Root  Do 
 Berberidaceae   Berberis lyceum  L.  Sumbal  Do  Do 
 Dioscoreaceae   Dioscorea deltoid   Knis  Aerial parts  Do 
 Pinaceae   Pinus roxburghii   Cheer  Resin  Do 
 Podophyllaceae   Podophyllum emodi   Bankhakri  Aerial parts  Sheep 
 Rosaceae   Prunus persica   Arro  Leaf  Cattle, buffalo, sheep 
 Euphorbiaceae   Ricinus communis   Arind  Seed  Do 
 Polygonaceae   Rumex hastatus   Hola  Root  Do 
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nigrum  L.; juniper,  Juniperus communis  L.; citro-
nella grass,  Cymbopogon nardus  Rendle; penny-
royal,  Mentha pulegium  L.; eucalyptus,  Eucalyptus 
globulus  Labill.; tea tree,  Melaleuca alternifolia  
Cheel) to control swine sarcoptic mange mites 
( Sarcoptes scabiei  var.  suis ). All the preparations 
inhibited the development and were more or less 
lethal to mange mites, while tea tree and citro-
nella volatile oil preparations proved to be the 
most effective. Among the ethanol-guided 
extracts, the most active extract was obtained 
from hogweed seeds in which 57–93 % of para-
sites died in 2–4 weeks of treatments of pigs. The 
extracts of local plants tansy and wormwood 
diminished the number of mites up to 44 % 
within the fi rst week after treatment. The acari-
cidal activity of methanolic extracts from 40 
medicinal plant species and steam distillate of 
 Cinnamomum camphora  against  D. gallinae  was 
evaluated. The steam distillate was found most 
effective in fi lter paper contact toxicity bioassay 
followed by extracts from  Asarum sieboldii  var. 
seoulens whole plant,  Eugenia caryophyllata  
fl ower bud, and  Mentha arvensis var. piperascens  
(Kim et al.  2007 ). 

 Psoroptic acariasis in rabbits is a global dis-
ease that causes considerable losses in the United 
States, Italy, Turkey, South Korea, India, and 
China. The parasite primarily inhabits the ears of 
rabbit (Ulutas et al.  2005 ; Singh et al.  2012 ). The 
 P. cuniculi  infestation can cause intense pruritus 

and the formation of crusts and scabs, which can 
completely cover the external ear canal and the 
internal surfaces of the pinna (Bates  1999 ). The 
potential acaricidal properties of an  Ailanthus 
altissima  bark extract were assessed against two 
common species of animal mites,  Psoroptes 
cuniculi  and  Sarcoptes scabiei  var.  cuniculi , 
in vitro. The prepared extract exhibited signifi -
cant acaricidal properties for both mite species. 
The extract at the concentrations of 1.0, 0.5, and 
0.25 g/mL killed all tested  S. scabiei  within 7 h; 
however, only 1.0 and 0.5 g/mL of extract killed 
all treated  P. cuniculi ( Gu et al.  2013  ).  Nong et al. 
( 2012 ) evaluated in vivo effi cacy of crofton weed 
( Eupatorium adenophorum ) against  P. cuniculi . 
Seven days after treatment the main clinical 
scores decreased from 3.32, 3.08, and 3.17 in the 
treated groups which were similar to treatment 
with ivermectin. Yong-Hua et al. ( 2008 ) reported 
anti- Sarcoptes scabiei  var.  cuniculi  properties of 
 A. indica  with an LC 50  value of 1.3 ppm for petro-
leum extract and 4.1 ppm for chloroform extract.  

1.3     Botanicals Against Ticks 

1.3.1     Repellents 
 Defensive phytochemicals are grouped into fi ve 
broad categories: growth regulators, nitrogen 
compounds, phenolics, protease inhibitors, and 
terpenoids (Moore et al.  2007 ). The vast majority 
of phytochemicals that have been tested for 

   Table 11.2    Plants    with their local names have potential against lice and mite infestations in animals   

 Family  Plant species  Local name  Infestations/infection 

 Brassicaceae   Brassica campestris   Mustard oil  Pediculosis, mange 
 Cannabaceae   Cannabis sativa   Bhang  Pediculosis 
 Pinaceae   Cedrus deodara   Loo  Mange, pediculosis 

  Zanthoxylum mays   Corn  Mange, pediculosis 
 Lythraceae   Lawsonia inermis   Mehndi/henna  Pediculosis 
 Meliaceae   Melia azedarach  Linn.  Darenk  Do 
 Solanaceae   Nicotiana plumbaginifolia  Viv.  Desi Tambaku  Do 
 Lamiaceae   Ocimum sanctum  Linn.  Tulsi  Do 
 Pinaceae   Pinus roxburghii  Sarg.  Chir  Do 
 Rosaceae   Pyrus pashia  Buch.-Ham. ex D. Don  Kanth  Do 
 Sapindaceae   Sapindus mukorossi  Gaertn.  Reetha  Do 
 Asclepiadaceae   Tylophora hirsuta  Wight  Tripu  Lice and mites 
 Verbenaceae   Vitex negundo  Linn.  Bana  Lice 
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repellency against ticks are terpenoids. A number 
of plants and essential oils from plants exhibit 
repellent properties against tick (Table  11.3 ).

       Terpenoids 
 Terpenoids are a structurally diverse assembly of 
compounds that make up the largest group of 
secondary plant chemicals (Langenheim  1994 ). 
Terpenes are derived from units of isoprene and 
are classifi ed sequentially as chains of isoprene 
(hemi-, mono-, sesqui-, di-, etc.) (Moore et al. 
 2007 ). Plant-derived terpenoids are repellent 
against several species of ticks. For example, 
Tunón et al .  ( 2006 ) tested whole and fractioned 
compounds from the extract of southernwood, 
 Artemisia abrotanum  L., and the essential oil 
from the carnation fl ower,  Dianthus caryophyl-
lus  L., against  I. ricinus  nymphs, and the mono-
cyclic terpene eugenol isolated from both plants 
provided >90 % repellency, while the acyclic 
terpene alcohol, b-citronellol, isolated from car-
nation fl ower oil provided 84 % repellency. 
Dautel et al. ( 1999 ) reported repellent effect of 
essential oil of a number of plants including 
citronella,  Cymbopogon nardus  (L.) Rendle; 
peppermint,  Mentha piperita  L.; and lemon 
balm,  Melissa offi cinalis  L., against  I. ricinus  
nymphs. Similarly, oils of citronella and lily of 
the valley, containing citronellol, have 83 and 
67 % repellency against  I. ricinus  nymphs 
(Thorsell et al.  2006 ). They reported that 10 % 
clove oil, which contains high amounts of euge-
nol, provided 78 % repellency, while 10 % DEET 
provided 71 % repellency against  I. ricinus  
nymphs for 8 h. Pållson et al. ( 2008 ) tested con-
stituents in the essential oil from the fl owers of 
aromatic tansy,  Tanacetum vulgare  L., against 
the nymphal  I. ricinus . Extracts and oils of 
wormwood,  Artemisia absinthium  L., and marsh 
tea,  Rhododendron  tomentosum   (Stokes), were 
tested against nymphal  I. ricinus  (Pållson et al. 
 2008 ) and found 78 % repellency of the extracts. 
The primary volatile compounds identifi ed in 
 A. absinthium  and  R. tomentosum  were the ter-
penes, myrtenyl acetate (77.8 %), and 
(3Z)-hexanol (18.3 %), respectively. 

 Two terpenoids, callicarpenal and inter-
medeol, isolated from American beautyberry, 

 Callicarpa americana  L., and Japanese beautyberry, 
 C. japonica  Thunb., showed activity against 
ticks. Using a fi ngertip bioassay, Carroll et al .  
( 2007 ) reported signifi cant effi cacy of inter-
medeol against nymphal  A. americanum  and  I. 
scapularis  isolated from  Callicarpa americana  
L. and  C. japonica  Thunb., while callicarpenal 
isolated from the same plants provided 100 % 
repellency against  I. scapularis  (Carroll et al. 
 2007 ). Dietrich et al .  ( 2006 ) isolated 14 com-
pounds classifi ed as monoterpenes, eremophilane 
sesquiterpenes, and eremophilane sesquiterpene 
derivatives from the essential oil of the heart-
wood of Alaskan cedar, and the repellency was 
compared with DEET against nymphal  I. scapularis  
and was found comparative. Isolongifolenone, a 
sesquiterpene compound found in the South 
American tree,  Humiria balsamifera  St. (Aubl.), 
revealed 100 % effi cacy to repel  I. scapularis  
nymphs but 80 % against  A. americanum  (Zhang 
et al.  2009 ). 

 Several grasses have been suggested for use as 
anti-tick pastures. Thompson et al. ( 1978 ) and 
Mwangi et al. ( 1995a ,  b ) compared recapture/
climbing behavior of larvae of  R. (B.) microplus  
and  R. appendiculatus  in pasture having molasses 
grass,  Melinis minutifl ora  Beauv. and  Pennisetum 
clandestinum , and reported signifi cant reduction 
in recapture/climbing behavior of tested larvae. 
The mature gamba grass,  Andropogon gayanus  
Kunth, having glandular trichomes was found 
effective against the larvae of  R. (B.) microplus  
(Cruz-Vazquez and Fernández-Ruvalcaba  2000 ). 
Additionally, two tropical legumes,  Stylosanthes 
hamata  (L.) Taub. and  S. humilis  Kunth, with glan-
dular trichomes exhibited acaricidal and repellent 
properties (Fernandez-Ruvalcaba et al.  1999 ). A 
number of African plants also showed tick repel-
lent properties. For example, oil from wild basil, 
 Ocimum suave  Willd, was reported to have repel-
lent activity against  R. appendiculatus . Essential 
oil from the  Cleome monophylla  and  C. 
(Gynandropsis) gynandra  (L.) Brig. provided 
more than 90 % repellency of  R. appendiculatus  
larvae (Ndungu et al.  1995 ; Lwande et al.  1999 ). 
Birkett et al. ( 2008 ) tested the hexane extract of 
resin of gum haggar,  Commiphora holtziana  Engl., 
against larvae of  R. (B.) microplus  and reported 5 h 
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repellency period. Sesquiterpene hydrocarbons 
were assumed to be responsible for the repel-
lency effect. Carroll et al. ( 1989 ) tested hexane 
extracts of gum resin from the shrub  Commiphora 
erythraea  Engler against  A. americanum ,  D. 
variabilis , and  I. scapularis  and reported 100 % 
repellency against larvae and adults of  A. 
americanum.  

 Although list has been enriched with infor-
mation about repellent property of a number of 
plants and plant compounds, due to low yield 
and high cost of extraction of bioactive com-
pounds, a few have been commercialized 
(Moore et al.  2007 ). A number of active ingredi-
ents commonly found in commercially available 
tick repellents are:
    1.    IR3535 or EBAAP (ethyl butylacetylamino-

propionate): Staub et al. ( 2002 ) evaluated the 
effectiveness of EBAAP against  I. ricinus  in 
fi eld tests and reported 41 % repellency.   

   2.    PMD or para-menthane-3,8-diol: Trigg and 
Hill ( 1996 ) reported repellent activity against 
 I. ricinus  nymphs. In a fi eld test, Gardulf et al. 
( 2004 ) found signifi cantly lower tick attach-
ment on treated skin compared to untreated 
controls. Jaenson et al. ( 2006 ) tested oil of 
lemon eucalyptus and MyggA® Natural, a 
product similar to Citriodiol that contains 
30 % oil of lemon eucalyptus with a minimum 
of 50 % PMD and small amounts of geranium, 
lavender, and rose extracts, against nymphal  I. 
ricinus . Both products provided 100 % repel-
lency. Field trials using cloth drags treated 
with MyggA® Natural or oil of lemon euca-
lyptus revealed 74 % and 85 % repellency, 
respectively. In another fi eld study, it was 
observed that the blankets treated with two 
concentrations of MyggA® Natural (3.2 and 
4.2 g/m 2 ) and the repellent RB86 (70 % neem 
oil containing azadirachtin) signifi cantly 
reduced the number of  I. ricinus  nymphs col-
lected by dragging compared to untreated 
blankets (Garboui et al.  2006 ).   

   3.    Undecanone or 2-undecanone (methyl nonyl 
ketone): In tests using treated and untreated 
fi lter paper, BioUD with 7.75 % of 
2- undecanone provided signifi cantly greater 
mean percentage repellency against  A. ameri-

canum  and  I. scapularis  (Bissinger et al. 
 2009a ). The BioUD provided 8-day repel-
lency against  D. variabilis  on treated cotton 
cheesecloth (Witting-Bissinger et al.  2008 ) 
and an average of 93.2 % repellency against 
 A. americanum  over 7 weeks of testing 
(Bissinger et al.  2009b ).   

   4.    Dodecanoic acid or DDA: It occurs as the 
main compound in coconut and palm kernel 
oil. Schwantes et al. ( 2008 ) tested formula-
tions of 10 % DDA against  I. ricinus  nymphs 
and reported a mean repellency of 86.5 %.    
  Laboratory bioassays were conducted to 

determine the activity of 15 chemical constitu-
ents isolated from the essential oil of Alaskan 
yellow cedar (AYC) against  I. scapularis  ticks. 
The repellent effi cacy of nootkatone, from AYC, 
was comparable with DEET (Dietrich et al. 
 2006 ). In fi eld trials for repellency, using treated 
cover, tick drags, and white cotton sheets, noot-
katone was found more effective against deer 
ticks and lone star ticks than both Repel® 
brand Permanone® (0.05 % permethrin) and 
EcoSMART Organic Insect Repellent® (Schulze 
et al.  2011 ; Jordan et al.  2012 ). Scientists at CDC 
and Iowa State University demonstrated that 
nootkatone and the other compounds from AYC 
have a unique mode of action as compared to that 
of other known pesticides and repellents and con-
sidered them a potentially important alternative 
weapon against chemical-resistant arthropods 
(Tong et al.  2011 ). 

 Repellent activity against ticks is determined 
by a variety of factors, viz., the rate of evapora-
tion, the importance of contact versus spatial 
repellency, the delivery rate to the receptor, and 
the potency of the compound to elicit repellent 
behavior. At the level of the sensilla, potency is 
affected by the delivery of the repellent to the 
receptor, affi nity of the receptor protein for the 
repellent, degradation of the repellent in the sen-
silla, and potency (once in the receptor) of elicit-
ing an effective repellent behavior. Conditions 
such as abrasion, humidity, temperature, and 
wind also affect the longevity of repellency 
(Moore et al.  2007 ). Formulation can play an 
important role in this equation. For example, an 
early fi eld study showed that Indalone formulated 
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as an emulsion provided 83 % repellency against 
ticks for 6 weeks compared to only 22 % provided 
by an aerosol formulation (Smith et al.  1954 ). 
However, formulation chemistry relative to tick 
repellents and repellents in general has been an 
understudied area in the scientifi c literature and 
might be a critical factor in repellent discovery 
and use in the future. 

 Screening of chemical libraries, the bioassay 
of different biological products from plants and 
animals, the development of structure–activity 
relationships, and serendipity have historically 
been critical factors in the research and develop-
ment of repellents against vectors. The basic 
understanding of the mechanism of repellency 
from spatial versus contact to the molecular basis 
of odorant reception in ticks is minimal. The 
recent sequencing of the tick genome as well as 
new high-throughput DNA sequencing technolo-
gies, the ease for the de novo construction of 
transcriptomes from sample sizes as small as a 
single cell, and advances in bioinformatics are 
expected to strengthen our overall understanding 
of tick repellency at the molecular level. Although 
screening of chemical libraries and the examina-
tion of extracts from plants and animals will 
continue to be an important source for new 
compounds in the future, molecular and stereo-
chemical modeling involving odorant transport, 
binding, and degradation of proteins as well as 
the development of in vitro and single cell recep-
tor bioassays could be helpful to our basic under-
standing on the mechanism of repellency. 

1.3.2      Larvicidal, Ovicidal, 
and Adulticidal 

 From an economic point of view,  R. (B.) microplus  
(Acari, Ixodidae) is the main tick of the tropical 
and subtropical regions and one of the most impor-
tant species throughout the world (Walker et al. 
 2003 ; Martins et al.  2006 ; Ghosh et al.  2007 ) 
(Fig.  11.1 ). Research activities on the use of 
plant extracts to control ticks have become inten-
sifi ed globally over the last decade. Even though 
a large number of investigations have proven 
the acaricidal activity of many plant extracts in 
the laboratory, follow-up studies are needed 
with the aim of validating this control strategy.

   Based on available literature, the effi cacy of 
plant extracts from 55 species belonging to 26 
families has been evaluated against ticks 
(Table  11.4 ). Even though most of the studies 
were in vitro, compounds causing the acaricidal 
activity were identifi ed in a few cases (Table  11.5 ). 
For example, Carroll et al. ( 1989 ) observed 80 % 
mortality with hexane extract of gum resin from 
the shrub  Commiphora erythraea  Engler against 
 A. americanum ,  D. variabilis , and  I. scapularis . 
Chungsamarnyart and Jiwajinda ( 1992 ) tested 
volatile oils steam-distilled from fresh and dried 
leaves of  Cymbopogon citratus  and  C. nardus  
against adults and larvae of  R. (B.) microplus . The 
activity was higher in extracts prepared from fresh 
leaves than dried leaves. The peel oils from 
 Citrus reticulata ,  C. suncris ,  C. maxima ,  C. sinen-
sis , and  C. hystrix  were tested against cattle tick, 
and the extracts from  C. reticulata  and  C. maxima  
were found most effective (Chungsamarnyart and 
Jansawan  1996 ). Malonza et al. ( 1992 ) reported 
high levels of mortality of nymphs of  A. variega-
tum  and  R. appendiculatus  when treated with 
 Gynandropsis gynandra  extracts. Preliminary 
investigations on  M. azedarach  showed that the 
oily hexane and chloroform extracts obtained 
from ripe fruits affected larval mortality and 
reproduction of engorged females (Borges et al. 
 1994 ,  2003 ). Sousa et al. ( 2008 ) showed that the 
extracts from green fruits were 1.5 times more 
effi cient than extracts from ripe fruits. However, 
lower effi ciency was observed by Vivan ( 2005 ). 
Low interference with reproductive effi ciency 
(32 %) was observed by Costa et al. ( 2008 ) when 
hydroalcoholic leaf extract from  A. indica  was 
used at 20 % concentration. The essential oil of 
the genus  Cymbopogon winterianus  Jowitt was 
tested against larvae and engorged females. Total 
inhibition of eclosion was observed at a concen-
tration of 7.14 % and of egg conversion at 10 %. 
All the larvae died at concentrations between 5.5 
and 7.14 %. The principal components of the 
essential oil, i.e., citronellal, geraniol, and citro-
nellol, were tested against females, and the best 
results were observed for the fi rst two components. 
However, the activity of the individual com-
pounds remained inferior to that of the entire 
essential oil (Martins  2006 ). The essential oil of 
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 Cymbopogon nardus  caused 79 % inhibition of 
reproduction at 1 % concentration (Olivo et al. 
 2008 ). On the other hand, Costa et al. ( 2008 ) 
observed that this plant had low effi cacy (17 %) 
against females using a hydroalcoholic extract 
from leaves at a concentration of 20 %. Alcoholic 
leaf extract of  C. citratus  at a concentration of 2 % 
showed effi cacy of 18.4 % against engorged females 
(Broglio- Micheletti et al.  2009 ). The essential oil 

from the leaves of  Ageratum houstonianum  pro-
duced 100 % mortality of  R. lunulatus  on day 3 at 
0.03 μL/g (Pamo et al.  2005 ). The hydrodistilled 
extracts of  Artemisia annua ,  A. vulgaris , and  Ocimum 
kilimandscharicum  and oil seeds of  Pongamia 
glabra  were tested against  R. (B.) microplus.  
The  O. kilimandscharicum  exhibited the highest 
effi cacy of 98.34 % followed by  P. glabra  
(96.67 %),  A. annua  (95 %), and  A. vulgaris  

  Fig. 11.1    ( a  and  b ) Crossbred cattle infested with ticks       
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   Table 11.4    Showing the name of plants, family name, and parts of the plants tested positive against different tick 
species   

 Scientifi c name  Family name 
 Plant part(s) used 
(application form)  References 

  Acanthus pubescens  (Thomson 
ex Oliv.) Engl. 

 Acanthaceae  Leaf/stem  Baerts and Lehmann ( 1989 , 
 1991 ) 

  A. arboreus  Forssk.  Leaf/root  Johns et al. ( 1995 ), Neuwinger 
( 2000 ) 

  Rhinacanthus nasutus  (L.) 
Kurz 

 Kamaraj et al. ( 2010 ) 

  Aloe latifolia  Haw.  Aloeaceae  Leaf/juice  Watt and Breyer- Brandwijk 
( 1962 ), Getahun ( 1976 ) 

  Aloe elgonica  Bullock  Leaf/juice  Watt and Breyer- Brandwijk 
( 1962 ), Getahun ( 1976 ) 

  Achyranthes aspera  L.  Amaranthaceae  Zahir et al. ( 2009 ) 
  Rhus natalensis  Bernh. ex 
Krauss var.  macrocarpa  
(Schweinf.) Cufod. 

 Anacardiaceae  Aerial parts/root/seed  Janet ( 1986 ), Berger ( 1994 ), 
Hyde et al. ( 2011 ) 

  Lannea schimperi  (Hochst. ex 
A. Rich.) Engl. 

 Anacardiaceae  Bark/root/leaf  Marin ( 1999 ), Jeruto et al. ( 2008 ) 

  Mangifera indica  L.  Srivastava et al. ( 2008 ) 
  Annona senegalensis  Pers. ssp. 
 senegalensis  

 Annonaceae  Leaf/bark/root  Toyang et al. ( 1995 ) 

  Carissa edulis  Vahl  Apocynaceae  Leaf/fruit/root  Ibrahim et al. ( 1999 ), Jawaid 
et al. ( 2011 ) 

  Acorus calamus  Vach.  Acoraceae  Rhizome  Ghosh et al. ( 2011 ) 
  Microglossa pyrifolia  (Lam.) 
O. Kuntze 

 Asteraceae  Whole plant-leaf-dust  ITDG and IIRR ( 1996 ) 

  Calea serrata  Less.  Ribeiro et al. ( 2008a ) 
  Chrysanthemum 
cinerariifolium  (Trevir.) Vis. 

 Flower/leaf/stem/aerial parts  Cremlyn ( 1978 ) 

  Markhamia lutea  (Benth.)  Bignoniaceae  Leaf/stem  Kayonga and Habiyaremye 
( 1987 ), Rahmatullah et al. 
( 2010 ), Jawaid et al. ( 2011 ) 

  Stereospermum kunthianum , 
Cham, Sandrine Petit 

 Root/bark  Malerich and Trauner ( 2003 ), 
Rahmatullah et al. ( 2010 ) 

  Jacaranda mimosifolia  D. Don  Leaf/root/stem  Rojas et al. ( 2006 ), Rahmatullah 
et al. ( 2010 ), Jawaid et al. ( 2011 ) 

  Tamarindus indica  L.  Caesalpiniaceae  Root/bark/leaf  Zemede and Mesfi n (2001) 
  Senna didymobotrya  (Fresn.) 
Irwin & Barneby 

 Root/bark/leaf  Mansingh and Williams ( 1998 ), 
UWMG ( 2003 ) 

  Cassia auriculata  L.  Kamaraj et al.( 2010 ) 
 C. alata L.  Leaves  Reghu Ravindran et al. ( 2012 ) 
  Maytenus senegalensis  (Lam.) 
Exell. 

 Celastraceae  Fruit/leaf/stem/bark/root  El Tahir et al. ( 1998 ), El and Satti 
( 1999 ), Bhatt et al. ( 2001 ), 
Kumar ( 2003 ) 

  Gynandropsis gynandra  (L.) 
Briq. 

 Capparidaceae  Whole plant  Malonza et al. ( 1992 ), Dipeolu 
et al. ( 1992 ), Torto and Hassanali 
( 1997 ) 

  Hypericum polyanthemum  
Klotzsch 

 Clusiaceae  Ribeiro et al. ( 2007 ) 

  Terminalia chebula  Retz.  Combretaceae  Kamaraj et al. ( 2010 ) 

(continued)
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Table 11.4 (continued)

 Scientifi c name  Family name 
 Plant part(s) used 
(application form)  References 

  Ipomoea batatas  (L.) Lam.  Convolvulaceae  Leaf/stem/sap  Cevallos-Casals and Cisneros-
Zevallos ( 2002 ) 

  Euclea divinorum  Hiern.  Ebenaceae  Root/leaf/bar  Homer et al.( 1992 ), Dagne et al. 
( 1993 ), Hines and Eckman 
( 1993 ), Lukwa et al. ( 2001 ) 

  Diospyros anisandra  S. F. 
Blake 

 Rosado-aguilar et al. ( 2008 ) 

  Euphorbia tirucalli  L.  Euphorbiaceae  Whole plant  Duke ( 1983 a), Hines and 
Eckman ( 1993 ), Bowen and 
Hollinger ( 2002 ) 

  Bridelia scleroneura  Mull.  Stem/root and/or bark     Anon ( 2001a ), Schmidt 
( 2003a ) 

  Ricinus communis  L.  Seed/stem/root  Mitchell and Ahmad ( 2006 ), 
Zahir et al. ( 2010 ), Ghosh et al. 
( 2013 ) 

  Erythrococca bongensis  Pax.  Stem/root/leaf  Kayonga and Habiyaremye 
( 1987 ), Maundu et al. ( 2001 ), 
Schmidt ( 2003b ) 

  Neoboutonia melleri  (Mull. 
Arg.) Prain 

 Stem/root  Schmidt ( 2003b ) 

  Macaranga kilimandscharica  
Pax. 

 Stem/root  Dewees ( 1995 ), Maundu et al. 
( 2001 ) 

  Croton sylvaticus  Hoschst. ex 
Krauss 

 Seed  Mwangi et al. ( 1998 ), Schmidt 
( 2003b ) 

  Hymenocardia acida  Tul.  Bark/leaf  Irvine ( 1961 ), Marin ( 1999 ), 
Schmidt ( 2003b ) 

  Sapium ellipticum  Hochst. ex 
Krauss Pax 

 Root/bark  Samuelsson et al. ( 1992 ), 
Schmidt ( 2003b ) 

  Phyllanthus ovalifolius  Forssk.  Aerial parts  Schmidt ( 2003b ) 
  Clutia abyssinica  Jaub. & 
Spach 

 Aerial parts  Duke ( 2002 ), Schmidt ( 2003b ) 

  Euphorbia candelabrum  
Kotschy. 

 Leaf/stem/sap  ICIPE Annual Report ( 1998 /99) 

  Margaritaria discoidea  (Baill.) 
G.L.Webster 

 Whole plant  Kaaya et al. ( 1995 ) 

  Manihot esculenta  Crantz  Root/bark/stem  Schmidt ( 2003b ) 
  Jatropha curcas  Linn.  Leaf  Juliet et al. ( 2012 ) 
  Psorospermum febrifugum  
Spach 

 Guttiferae  Fruit/bark/stem/leaf  Irvine ( 1961 ), Cassady et al. 
( 1990 ), Schmidt ( 2003c ) 

  Harungana madagascariensis  
Lam. ex Poir. 

 Leaf/bark/stem  Woodland ( 1997 ), Irvine ( 1961 ), 
Schmidt ( 2003c ) 

  Anisomeles malabarica  (L.) 
R. Br 

 Lamiaceae  Zahir et al. ( 2009 ) 

  Hesperozygis ringens  Benth.  Ribeiro et al.( 2010 ) 
  Leucas aspera   Aerial part  Ravindran et al. ( 2011 ) 
  Cinnamomum zeylanicum  
Blume 

 Lauraceae  Álvarez et al. ( 2008 ) 

  Copaifera reticulata Ducke   Leguminosae  Fernandes and Freitas ( 2007 ) 
  Dahlstedtia pentaphylla 
(Taub) Burk.  

 Pereira and Famadas ( 2004 ) 

(continued)
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Table 11.4 (continued)

 Scientifi c name  Family name 
 Plant part(s) used 
(application form)  References 

  Gloriosa superba L. ()   Liliaceae  Zahir et al. ( 2009 ) 
  Azadirachta indica  A. Juss.  Meliaceae  Stem/bark/fruit/leaf/root  Williams ( 1993 ), Ndumu et al. 

( 1999 ), Wilson and Mansingh 
( 2002 ), Blair and Mansingh 
( 2002 ), Abdel-Shafy and Zayed 
( 2002 ) 

  Melia azedarach  L.  Stem/bark/fruit leaf/root  Lindsay and Kaufman ( 1988 ), 
Cabral et al. ( 1996 ), Mansingh 
and Williams ( 1998 ), Borges 
et al. ( 2003 ) 

  Turraea holstii  Gürke  Whole plant  Rajab et al. ( 1998 ) 
  Acacia sieberiana  DC.  Mimosaceae  Root  Anon ( 2001a ) 
  Acacia nilotica  (L.) Bel.  Bark/root  Anon ( 2001b ) 
  Artocarpus altilis  Park.  Moraceae  Williams ( 1993 ) 
  Psidium guajava  L.  Myrtaceae  Zahir et al. ( 2009 ) 
  Eucalyptus staigeriana  
F. Muell.,  Eucalyptus 
citriodora  Hook. 

 Chagas et al. ( 2002 ) 

  Syzygium malaccense  (L.) 
Merr. & Perry 

 Broglio-micheletti et al. ( 2009 ) 

  Lophira alata  Banks ex 
Gaertn. 

 Ochnaceae  Whole plant  Anon ( 1977 ) 

  Ximenia americana  L.  Olacaceae  Leaf/bark/root/fruit  Anon ( 2003 ) 
  Olea capensis  L.  Leaf/bark/fruit  Hines and Eckman ( 1993 ), 

Stockbauer ( 2003 ) 
  Erythrina abyssinica  Lam. ex 
DC. 

 Papilionaceae  Leaf/bark  Rulangaranga ( 1989 ), Hines and 
Eckman ( 1993 ), ITDG and IIRR 
( 1996 ) 

  Rhynchosia resinosa  (A. Rich.) 
Baker 

 Leaf/stem/root/bark  Matzigkeit ( 1990 ), William 
( 1999 ) 

  Tephrosia vogelii  Hook.f.  Leaf/stem/fruit/bud/bark/
seed/root (whole plant) 

 Matzigkeit ( 1990 ), Toyang et al. 
( 1995 ), Kambewa et al. ( 1997 ) 

  Mondia whitei  (Hook.f.) 
Skeels 

 Periplocaceae  Root/stem  Okwemba ( 2002 ) 

  Pittosporum viridifl orum  Sims.  Pittosporaceae  Stem bark/root/leaf  Coetzee et al. ( 1999 ), Berger 
et al. (2002), Seo ( 2002 ) 

  Zea mays L. kamayindi  
(Bukusu) 

 Poaceae  Leaf/stem  Lukwa et al. ( 2001 ), Ramos-
Escudero et al. ( 2011 ) 

  Prunus africana  (Hook.f.) 
Kalkman. 

 Rosaceae  Bark/leaf/root  Cunningham and Mbenkum 
( 1993 ), Schippmann ( 2001 ) 

  Harrisonia abyssinica  Oliv.  Simaroubaceae  Leaf/root/bark/stem  Johns et al. ( 1990 ), Kokwaro 
( 1993 ), Fabry et al. ( 1996 ) 

(continued)
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Table 11.4 (continued)

 Scientifi c name  Family name 
 Plant part(s) used 
(application form)  References 

  Nicotiana tabacum  L.  Solanaceae  Leaf/stem-dust  Juliette De Ba Levy ( 1991 ), 
Dipeolu and Ndungu ( 1991 ), 
Berger ( 1994 ), Mwangi ( 1996 ), 
ITDG and IIRR ( 1996 ), Adoyo 
et al. ( 1997 ), Mansingh and 
Williams ( 1998 ), Adewusi and 
Afolayan ( 2010 ) 

  Physalis peruviana  L.  Stem/root/fruit/leaf  Barbadine (2003), Wu et al. 
( 2006 ), Franco et al. ( 2007 ), 
Arun and Asha ( 2007 ), Pardo 
et al. ( 2008 ), Kolar and Malbeck 
( 2009 ), 

  Solanum incanum  L.  Root, fruit juice  Hines and Eckman ( 1993 ), 
Lukwa et al. ( 2001 ), Adewusi 
and Afolayan ( 2010 ), Jawaid 
et al. ( 2011 ), 

  Capsicum frutescens  L.  Fruit/leaf/stem  Stoll ( 1988 ), Berger ( 1994 ), 
Adoyo et al.( 1997 ), Mansingh 
and Williams ( 1998 ),Regassaa 
( 2000 ) 

  Withania somnifera  (L.) Dunal  Stem/root/leaf  Singh and Kumar ( 1998 ), 
Van Der Hooft et al. ( 2005 ), 
Mirjalili et al. ( 2009 ) 

  Harrisonia abyssinica  Oliv.  Simaroubaceae  Leaf/root/bark/stem  Watt and Breyer- Brandwijk 
( 1962 ), Johns et al. ( 1990 ), 
Kokwaro ( 1993 ), Fabry et al. 
( 1996 ) 

  Grewia bicol or A. Juss.  Tiliaceae  Root/bark  Orwa et al. ( 2009 ) 
  Grewia trichocarpa  Hochst. ex 
A. Rich. 

 Root  Brink ( 2009 ) 

  Steganotaenia araliacea  
Hochst. 

 Umbelliferae  Leaf/stem/bark  Rukangira ( 2003 ) 

  Rhoicissus revoilii  Planch.  Vitaceae  Whole plant  ITDG ( 1996 ) 
  Rhoicissus tridentata  (L.f.) 
Wild & R.B. Drumm. 

 Root or tuberous rootstock  Maundu et al. ( 2001 ), Michael 
( 2003 ), Brookes and Katsoulis 
( 2006 ), Gruber and O’Brien 
( 2010 ) 

  Cyphostemma adenocaule  
(Steud. ex A. Rich.) Desc. 

 Whole plant  Polygenis-Bigendako ( 1990 ), 
Kokwaro ( 1993 ) 

  Vitex fi scheri  Gürke  Verbenaceae  Whole plant  Thijssen ( 2008 ) 
  Vitex doniana  Sweet  Bark/root/leaf/fruit  Hines and Eckman ( 1993 ), 

Olusola et al. ( 1997 ), Rukangira 
( 2001 ), Ky ( 2008 ) 

  Lantana camara  L.  Whole plant  Adebayo et al. ( 1999 ) 
  Rotheca myricoides  (Hochst.) 
Steane & Mabb. 

 Whole plant  Getahun ( 1976 ), Kebenei et al. 
( 2004 ) 

  Clerodendrum myricoides  
(Hochst.) R. Br. ex Vatke 

 Leaf, juice, roots  Polygenis-Bigendako ( 1990 ), 
Kokwaro ( 1993 ), Tadesse ( 1994 ) 

  Clerodendrum myricoides  
(Hochst.) R. Br. ex Vatke 

 Leaf, juice, roots  Baerts and Lehmann ( 1991 ) 
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   Table 11.5    Natural products tested against ticks and active compounds with acaricidal or insecticidal activity   

 Scientifi c name  Family  Reference 
 Natural products with acaricidal or 
insecticidal activity 

  Annona squamosa  L.  Annonaceae  Magadum et al. ( 2009 ), 
Chungsamarnyart et al. ( 1990 , 
 1991a ) 

 Squamocin (Kawazu et al.  1989 ) 
 Acetogenins (Hopp et al.  1998 ) 
 Annotemoyin-1 (Parvin et al.  2003 ) 

  Annona muricata  L.  Chungsamarnyart et al.( 1991b ), 
Broglio-micheletti et al.( 2009 ) 

 Goniothalamicin (Alkofahi et al. 
 1988 ) 
 Gigantetrocin A, annomontacin, 
bullatalicin (Alali et al.  1998 ) 
 Squamocin (Guadaño et al.  2000 ) 

  Acorus calamus   Acoraceae  Ghosh et al. ( 2011 )  Alpha-asarone (Ghosh et al.  2011 ) 
  Ricinus communis   Euphorbiaceae  Zahir et al. ( 2009 )  Quercetin, gallic acid, fl avone, 

kaempferol (Ghosh et al.  2013 ) 
  Hyptis verticillata  Jacq.  Lamiaceae  Facey et al. ( 2005 )  Cadina-4,10(15)-dien-3-one (Porter 

et al.  1995 ) 
  Cunila angustifolia  Benth.  Apel et al.( 2009 )  α-Pinene, β-pinene, sabinene, 

menthofuran and 1,8-cineole (Apel 
et al.  2009 ) 

  C. spicata  Benth. 
  C. microcephala  Benth. 
  Tamarindus indicus  L.  Leguminosae  Chungsamarnyart and Jansawan, 

(2001), Magadum et al. ( 2009 ) 
 Oxalic, malic, succinic, citric, and 
tartaric acids (Chungsamarnyart and 
Jansawan  2001 ) 

  Allium sativum  L.  Liliaceae  Magadum et al.( 2009 )  Lectins (Bandyopadhyay et al. 
 2001 ) 

  Azadirachta indica  
A. Juss. 

 Meliaceae  Williams ( 1993 ), Valente et al.
( 2007 ), Srivastava et al. ( 2008 ), 
Costa et al. ( 2008 ), Magadum 
et al. ( 2009 ), Broglio-Micheletti 
et al. ( 2009 ,  2010 ) 

 Azadirachtin (Butterworth and 
Morgan  1971 ) 
 Salanin (Meisner et al.  1981 ) 
 Nimbin, nimbinin (Siddiqui et al. 
 1988 ) 
 Meliatetraolenone, odoratone 
(Siddiqui et al.  2003 ) 

  Melia azedarach  L.  Borges et al. ( 1994 ,  2003 ), Vivan 
( 2005 ), Sousa et al. ( 2008 ) 

 Azedarachol (Nakatani et al.  1985 ) 
 Trichilins, azedarachins (Nakatani 
et al.  1995 ) 
 Meliacarpins (Bohnenstengel et al. 
 1999 ) 
 Azadirachtin (Morgan and Thorton 
 1973 ) 

  Pimenta dioica  (L.) Merr.  Myrtaceae  Brown et al.( 1998 )  Eugenol, methyleugenol (Brown 
et al.  1998 ) 

  Eucalyptus globules  
Labill. 

 Chagas et al.( 2002 ), Magadum 
et al. ( 2009 ) 

 Terpenoids, δ-phenothrin, 
pyrethrum (Yang et al.  2004 ) 

  Piper aduncum  L.  Piperaceae  Silva et al.( 2009 )  Dill apiol (Bernard et al.  1995 ; 
Silva et al.  2009 ) 

  P. mikanianum  (Kunth) 
Steud.,  P. xylosteoides  
(Kunth) Steud.,  P. 
amalago  L. 

 Ferraz et al. ( 2010 )  Phenylpropanoids, monoterpene, 
and sesquiterpene hydrocarbons 
(Ferraz et al.  2010 ) 

  P. nigrum  L.  Álvarez et al. ( 2008 )  Piperine, pellitorine, pipercide 
(Miyakado et al. 1979) 
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(93.34 %). The egg masses and hatchability percent-
ages were also affected (Stuti Vatsya et al.  2006 ).

    In a comprehensive study, Karim ( 2006 ) 
reported comparative effi cacy of aqueous and 
ethanolic extracts of  A. indica ,  Polygonum hydro-
piper ,  Annona reticulata ,  A. squamosa , and 
 Cynodon dactylon  against  R. (B.) microplus  and 
80–100 % effi cacy was reported. The acaricidal 
activity of oleoresinous extract (oleoresin) from 
 Copaifera reticulata  was investigated against 
 R. (B.) microplus , and LC 50  and LC 99  values were 
determined as 1,579 and 3,491 ppm, respectively 
(Fernandes et al.  2007 ). The essential oils of 
 Eucalyptus citriodora  and  E. staigeriana  killed 
100 % of the treated larvae at a concentration of 
10 %, while  E. globulus  had the same effi cacy at 
20 % concentration. Against engorged females, 
the maximum effi cacy was observed at a con-
centration of 25 % for  E. citriodora , 10 % for 
 E. globulus , and 15 % for  E. staigeriana . When 
the essential oils were formulated as concentrate 
emulsions, the effect was strengthened (Chagas 
et al.  2002 ). The hydroalcoholic extract of leaves 
of  Eucalyptus  sp. had an effi cacy of 96 % against 
engorged females at a concentration of 10 % 
(Costa et al.  2008 ). From the same family, 
Broglio-Micheletti et al. ( 2009 ) tested the alco-
holic extract of fl owers of  Syzygium malaccense  
at a concentration of 2 % and observed that the 
rate of interference with the engorged female 
reproduction was 59 %. Silva et al. ( 2009 ) tested 
different concentrations of hexane, ethyl acetate, 
and ethanolic extracts of  Piper aduncum  against 
larvae and adults of  R. (B.) microplus  and reported 
that LC 50  of hexane extract was 9.3 mg/mL for 
larvae, while reproduction was reduced to 12.5–
54.2 %. In the year 2007, Kheiradabi    and 
Abyaneh ( 2007 ) reported up to 26.7 % mortality 
of adults of  R. (B.) annulatus  treated with fl ower 
extracts of  Matricaria chamomile.  The essential 
oil from leaves of  Hesperozygis ringens  was 
tested at 0.625–50 μL.mL –1  concentration 
(≈0.0625–5 %) inhibiting oviposition by 11.5–
76.4 % with 95 % inhibition of larval hatchability 
at the highest concentration. Those concentrations 
were all lethal for 100 % of larvae. Pulegone was 
the main compound isolated from the essential 
oil (Ribeiro et al.  2010 ). In addition, essential oil 

from leaves of fi ve  Cunila  species at concentra-
tions of 2.5, 5, and 10 μL.mL –1  (≈0.25, 0.5, and 
1 %) was tested, and  C. angustifolia  and  C. incana  
caused 100 % mortality of larvae at the lowest 
concentration and  C. spicata  at a concentration of 
5 μL.mL –1 . The active compounds identifi ed in 
these plants were α-pinene, β-pinene, sabinene, 
menthofuran, and 1,8-cineole (Apel et al.  2009 ). 
Pereira and Famadas ( 2004 ) evaluated the action 
of the ethanolic root extract of  Dahlstedtia pen-
taphylla  (Leguminosae) against two strains of 
tick: one acaricide-sensitive Mozo strain and one 
from the fi eld. The plant was less effi cient against 
the fi eld strain. The effi ciency was close to 100 % 
at a concentration of 20 %: LC 50  values are 
1:34.94 mL (≈2.86 %) against engorged females 
and 1:231.337 mL (≈0.43 %) against larvae. The 
LC 50  and LC 99  of the oleoresinous extract of 
 Copaifera reticulata  (Leguminosae) against lar-
vae were 1.579 ppm (≈0.16 %) and 3.491 ppm 
(≈0.35 %), respectively (Fernandes and Freitas 
 2007 ). Hexane, ethyl acetate, and ethanolic 
extracts from leaves of  Piper aduncum  
(Piperaceae) were tested against engorged 
females in increasing, double concentrations 
from 5 to 100 mg.mL –1  (≈0.5–10 %). For all 
extracts, even at the highest concentration, the 
reproductive control was no higher than 62 %. 
Larval mortality was evaluated at concentrations 
of 1–20 mg.mL –1  (≈0.1–2 %) and was found to 
be 70.42, 40.5, and 17.2 % in the hexane, ethanol, 
and ethyl acetate extracts, respectively, at the 
highest concentration. Hydrodistillation of the 
hexane extract produced 6.8 % essential oil and 
94.84 % sesquiterpene dill apiol, which caused 
100 % larval mortality at 0.1 mg.mL –1  (≈0.01 %) 
(Silva et al.  2009 ). The essential oil of  Piper 
mikanianum  (LC 50  2.33 μL.mL –1 ; ≈ 0.233 %) 
was more active against larvae than that of  Piper 
xylosteoides  (LC 50  6.15 μL.mL –1 ; ≈ 0.615 %), 
while the oil of  Piper amalago  was inactive. The 
main compounds were phenylpropanoids, mono-
terpenes, and sesquiterpene hydrocarbons (Ferraz 
et al.  2010 ). The hexane and methanolic 
extracts from stems and leaves of  Hypericum 
polyanthemum  (Clusiaceae) were tested at con-
centrations of 6.25-50 mg.mL –1  (≈0.625–5 %). 
The effect against engorged females was low 
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(19.2 %) at the highest concentration of the hex-
ane extract, but on other hand, it killed all larvae 
in all concentrations (Ribeiro et al.  2007 ). Similar 
effects were observed with the hexane extracts of 
stems and leaves of  Calea serrata  (Asteraceae) at 
the same concentrations (Ribeiro et al.  2008a ). 
The LC 50  and LC 99  of the ethanolic extracts of 
stems of  Magonia pubescens  (Sapindaceae) were 
365 ppm (≈0.036 %) and 4,000 ppm (≈0.4 %) 
against larvae (Fernandes et al.  2008 ). Over 95 % 
mortality of larvae was observed (Ribeiro et al. 
 2008b ) with the essential oil of  Drimys brasilien-
sis  (Winteraceae) at concentrations ranging from 
3.125 to 25 μL/mL (≈0.3125 to 2.5 %). The pres-
ence of sesquiterpenoids, cyclocolorenone, bicy-
clogermacrene, and alpha-gurjunene was 
confi rmed in this oil. The ethanolic extract of 
seeds of  Annona muricata  L. (Annonaceae) at a 
concentration of 2 % had 100 % effi cacy against 
engorged females (Broglio-Micheletti et al. 
 2009 ). Zahir et al. ( 2009 ) reported acaricidal 
activity of leaf ethyl acetate extract of  Achyranthes 
aspera  L., leaf methanolic extract of  A. malabar-
ica , fl ower methanolic extract of  Gloriosa 
superba , and leaf methanolic extract of  R. com-
munis  against  R. (B.) microplus . Zahir et al. 
( 2010 ) reported acaricidal activity of acetone and 
methanolic extracts of leaf of  Anisomeles mala-
barica , methanolic extract of seed of  Gloriosa 
superba , and methanolic extract of leaf of  Ricinus 
communis  against  Haemaphysalis bispinosa . 

 Ghosh et al. ( 2011 ) screened 34 solvent- 
guided extracts prepared from 13 plants. Among 
the 34 extracts, 26 extracts showed no mortality 
within 72 h of application, while 12.0 ± 4.9 % to 
35.0 ± 9.6 % mortality of treated ticks was 
recorded in other extracts. Of the effective 
extracts, the one prepared from rhizome of 
 Acorus calamus  proved highly effi cacious and 
100 % fi nal mortality within 14 DPT. The LC 85  
value of the extract was determined as 11.26 %. 
Ravindran et al. ( 2011 ) reported acaricidal activity 
of crude ethanolic extract of aerial parts of  Leucas 
aspera  against  R. (B.) annulatus.  The percent 
adult mortality, inhibition of fecundity, and 
hatching of laid ova were studied at concentra-
tions of 1.56, 3.13, 6.25, 12.5, 25, 50, and 
100 mg/mL. Adult tick mortality was signifi cant 

at the highest concentration tested. Inhibition of 
fecundity of treated groups differed signifi cantly 
from control and was concentration dependent. 
The extract completely inhibited the eclosion of 
eggs from the treated ticks. Juliet et al. ( 2012 ) 
evaluated the effect of ethanolic extract of leaves 
of  Jatropha curcas  against  R. (B.) annulatus.  The 
extract at all concentrations tested (50–100 mg/
mL) considerably blocked the hatchability of 
eggs when compared to control. However, the 
extract did not produce mortality of treated 
adults. The extract also did not signifi cantly 
reduce the mass of eggs laid by the treated ticks. 
Ravindran et al .  ( 2012 ) reported the acaricidal 
activity of ethanolic extracts of leaves of  Cassia 
alata  L. against  R. (B.) annulatus . The highest 
mortality (45.8 %) and inhibition of fecundity 
(10.9 %) were observed at the highest concentra-
tion tested (100 mg/mL). The plant extract did 
not affect egg hatchability. A 95 % ethanolic 
extract of leaves of  Ricinus communis  was used 
to test the effi cacy against reference acaricide- 
resistant lines by in vitro assay. The extract sig-
nifi cantly affects the mortality rate of ticks in 
dose-dependent manner ranging from 35.0 ± 5.0 
to 95.0 ± 5.0 % with an additional effect on repro-
ductive physiology of ticks by inhibiting 36.4–
63.1 % of oviposition. The leaf extract was found 
effective in killing 48.0, 56.7, and 60.0 % diazi-
non, deltamethrin, and multi-acaricide-resistant 
ticks, respectively. However, the cidal and ovipo-
sition limiting properties of the extract were sep-
arated when the extract was fractionated with 
hexane, chloroform, n-butanol, and water (Ghosh 
et al.  2013 ). Sunil et al. ( 2013 ) evaluated the acar-
icidal properties of crude ethanolic extract of 
 Cassia fi stula  leaves against  R. (B.) annulatus.  
The percentage of adult mortality, inhibition of 
fecundity, and hatching of ova laid were studied 
at different concentrations of the extract ranging 
from 50 to 100 mg/mL. The extract completely 
inhibited hatching of eggs at concentrations 
above 80 mg/mL of the extract. Mortality of adult 
engorged female ticks and inhibition of fecundity 
were concentration dependent. The LC 50  value of 
extract against  R. (B.) annulatus  was 97.1 mg/ mL. 

 Although a large number of plant extracts 
were reported to have acaricidal properties 
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in vitro, very few of them were evaluated in vivo 
on tick-infested animals. Monthly sprays of etha-
nolic extracts of neem or weekly bathing in 
azadirachtin- rich aqueous 1:20 “Green Gold” 
controlled the bush tick and the cattle tick in 
Australia, but were less effective against the 
brown dog tick. Kalakumar et al. ( 2000 ) reported 
60–75 % effi cacy of custard seed oil extract on 
buffaloes and cattle infested naturally with  R. 
(B.) microplus ,  Hyalomma a. anatolicum , and  R. 
haemaphysaloides . In Jamaica, neem kernel 
extract controlled ticks on cattle and dogs. In 
Kenya, period for engorgement by larvae and 
nymphs of  Amblyomma variegatum  and larvae of 
 Rhipicephalus appendiculatus  was signifi cantly 
prolonged due to the slow feeding on rabbit host 
sprayed with neem oil (Kaaya  2003 ). Neem 
treatment also led to a reduction in engorgement 
weight of larvae, nymphs, and adults of  A. varie-
gatum ,  R. appendiculatus , and  B. decoloratus  
feeding on neem-treated rabbits, and fewer larvae 
and nymphs molted to the next developmental 
stage. Egg masses produced by neem-treated 
ticks weighed signifi cantly less and their hatch-
ability was adversely affected. Regardless of tick 
species, attachment by larvae was also signifi -
cantly reduced on neem oil-treated rabbit. In tri-
als conducted in pastures in Kenya, application of 
neem oil on cattle repelled all stages of  R. appen-
diculatus ,  B. decoloratus , and  A. variegatum  
(Kaaya  2003 ). The essential oil extracted from 
the leaves of  Ageratum houstonianum  was 
applied on animals infested with  R. annulatus , 
and 95.1 % mortality on day 8 postapplication 
was recorded (Tedonkeng et al. 2005). 
Sivaramakrishnan et al. ( 1996 ) tested effi cacy of 
a mixture of oils ( A. indica ,  Eucalyptus , and 
 Pongamia ) on cattle and goats heavily infested 
with ticks. The neem and eucalyptus oil were 
found 92.2 % and 97.6 % effective, respectively. 

 The essential oil of  C. winterianus  was evalu-
ated in two treatments: one through application 
of the crude oil on the animal’s back and the 
other through aspersion of a solution oil: alcohol 
(1:10). A signifi cant difference in the number of 
females was observed between the treated 
groups, 22–28 days after treatment (5.3–14.4 
and 2.8–11.3 in the crude oil and aspersion 

groups, respectively) (Martins and Gonzalez 
 2007 ). Borges et al. ( 2005 ) reported effi cacy of 
the hexane extract of ripe fruits of  M. azedarach  
up to 63.6 %. Sousa et al. ( 2011 ) produced a con-
centrate emulsion of the hexane extract of  M. 
azedarach  and reported 89.0 % effi cacy when 
treated at 0.5 %. There was greater action against 
larvae and adults than against nymphs. These 
in vivo results differed from in vitro observations 
(Borges et al.  1994 ,  2003 ; Sousa et al.  2008 ) in 
that the fruit extracts of the plant affected repro-
ductive effi ciency of females. 

 The effi cacy of aqueous extracts from  A. indica  
was compared with abamectin among artifi cially 
infested animals. One kilogram of leaves was 
mixed with 5 L of water and sprayed on the ani-
mals every week, for 4 weeks. Another group was 
treated once with abamectin. Similar tick counts 
were observed 15 and 30 days after treatment of 
both groups: 62.5 and 7.71 in the neem group and 
50.5 and 16.0 in the abamectin group, respec-
tively (Valente et al.  2007 ). Srivastava et al. 
( 2008 ) compared the effi cacy of ethanolic extract 
of neem seeds at a concentration of 8 % with 
cypermethrin, on experimentally infested ani-
mals. The mortality after fi ve days of treatment in 
the neem group was 70.5 % while three days after 
the treatment with cypermethrin resulted in 
92.4 % mortality. Considering the reproductive 
effi ciency of surviving ticks, the effi cacy was 
68.32 and 80.48 % for the neem and cyperme-
thrin groups, respectively. Similar results were 
observed by Magadum et al. ( 2009 ), using neem 
seeds at the same concentration as Srivastava 
et al. ( 2008 ). Pereira and Famadas ( 2006 ) tested 
the root extract of  D. pentaphylla  at concentra-
tions of 1:10 and 1:20 on artifi cially infested 
bovines. The highest effi cacies of 76 % were 
observed on the third and seventh days after treat-
ment at 1:10 mL. The reproductive parameters of 
treated females were not affected by this extract. 
Olivo et al. ( 2008 ) evaluated the action of four 
increasing concentrations (1.25–5 %) of an aqueous 
extract of  Nicotiana tabacum  on naturally 
infested animals. The effi cacies ranged from 
62 % at a concentration of 5 % in the fi rst week 
up to 77.5 %, 14 days after treatment, at the 
lowest concentration. By an in vivo experiment 
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Ghosh et al. ( 2011 ) confi rmed 42 % effi cacy for 
the  A. calamus  extract. The extract was safe for 
topical application, and no adverse reaction was 
observed when animals were treated even at 50 % 
concentration, which was fi ve times the concen-
tration that was used in vivo. The α-asarone 
was identifi ed as one of the active principles in 
 A. calamus  (Fig.  11.2 ). Ghosh et al. ( 2013 ) 
reported 59.9 % in vivo effi cacy of leaf extract of 
 R. communis  after the fi rst challenge; however, 
following the second challenge the effi cacy was 
reduced to 48.5 %. The HPTLC fi ngerprinting 
profi le of  R. communis  leaf extract showed pres-
ence of quercetin, gallic acid, fl avone, and 
kaempferol which seemed to have synergistic 
acaricidal action (Fig.  11.3 ).

    Taken together, these results do not point to 
any single component of plant extracts that 
standout as the critical element that accounts for 
activity against arthropods. Complex interac-
tions may occur among major and minor con-
stituents in an unforeseen manner that results in 

insecticidal/acaricidal activity. Similarly, mix-
tures of essential oils from different plants may 
have higher activity than individual extracts in 
ways that are diffi cult to predict. Judicious use 
of synergists could improve effi cacy further. 
Further research on blends of essential oils and 
improved formulations and delivery system 
management of these botanicals could lead to 
substantial improvements in their performance 
for arthropod control.   

 

2     Conclusion 

 A large number of different plant species repre-
senting different geographical areas around the 
world have been shown to possess phytochemicals 
that are capable of causing a range of acute and 
chronic toxic effects on different stages of 
arthropods. Any one of these effects taken alone 
is usually not impressive, but the combined ovi-

  Fig. 11.2    HPTLC densitometric scan (at 600 nm) of  A. calamus  extracts ( 1 ) and reference compound α-asarone ( 2 )       
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cidal, larvicidal, and IGR effects possessed by 
many phytochemicals can produce impressive 
results. The benefi cial medicinal effects of plant 
materials typically result from active compounds 
present in the plant. These compounds are mostly 

secondary metabolites such as alkaloids, steroids, 
tannins, phenolic compounds, etc. The in vitro 
results of many of the herbal extracts are exem-
plary. However, the loss of effi ciency of these 
extracts when tested on the animals is undoubtedly 

  Fig. 11.3    ( a ) HPTLC fi ngerprint profi le of  Ricinus com-
munis  leaf extract under 254 nm ( 1 R. communis  (leaf 
extract),  2  quercetin,  3  gallic acid,  4  fl avone,  5  kaemp-

ferol) ( b ) HPTLC densitometric scan (at 254 nm) of sam-
ple (1) with reference compounds (2–5)       
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an important diffi culty faced by most of the 
researchers. The large number of chemical com-
pounds present in a single plant extract (Evans 
 1996 ) adds to this problem. The observed activity 
could be due to the effect of a single compound 
or combination of one or more. Several issues 
remain to be researched and improved upon 
including residual effi cacy (degradation and per-
sistence), preservation of nontarget organisms, 
development of resistance, and standardization of 
testing protocols (Mulla and Su  1999 ). The low 
persistence in the host body necessitates larger 
quantity of the plant extract or natural products 
for in vivo effi cacy. For mass production of 
extracts, large quantities of plant materials are 
essential. Differences relating to edaphoclimatic 
conditions and the cultivation and conservation 
of plant materials for extract production may 
imply oscillation of the results (Heimerdinger 
et al.  2006 ). Storage of  M. azedarach  fruits for 
5 months at room temperature caused a decrease 
in their acaricide effect (Sousa et al.  2008 ). 
Yakkundi et al. ( 1995 ) observed a 5 % reduction 
in azadirachtin after one month of storage of  A. 
indica  seeds and 35 % after 4 months. Likewise, 
Johnson et al. ( 1996 ) observed a decrease in 
azadirachtin and salanin after storage for 
6 months. Even though the synthesis of chemical 
compounds is determined by the genetic charac-
teristics of the plant, edaphoclimatic factors also 
interfere with this factor (Lapa et al.  1999 ). 

 It is also commonly stated that plant-based 
pesticides/repellents are better for the environ-
ment than synthetic molecules. While plant vola-
tiles are naturally derived, distillation requires 
biomass energy, extraction commonly uses 
organic solvents that must be disposed of care-
fully, and growing the plants uses agrichemicals, 
such as fertilizers and pesticides (unless sourced 
from a sustainable and organic source). However, 
if carefully practiced, cash cropping of plants 
used for repellents provides a vital source of 
income for small-scale farmers in developing 
countries (Duke and DuCellier  1993 ) and can 
have benefi cial environmental impact when 
planted in intercropping systems to prevent soil 
erosions (Zheng and He  1993 ). Therefore, it is 

important to carefully source of medicinal plants 
to avoid pitfalls associated with unsustainable 
cropping practices. 

 Very little has been researched and published 
on phytochemicals and their effects on nontarget 
organisms. From the conclusions of neem and 
tannin researches, it can be summarized that 
botanical derivatives are not free of risk and fur-
ther fi eld investigations are necessary. In India, 
Rao et al. ( 1995 ) applied  A. indica  to rice fi elds 
and found a marked reduction in the abundance 
of late instar culicine and anopheline larvae and 
pupae. No signifi cant reduction of most nontar-
get organisms, including different aquatic 
insects, frog tadpoles, and plant spiders, was 
observed. Kreutzweiser et al. ( 2000 ) treated out-
door stream channels with different doses of a 
commercial azadirachtin formulation called 
Neemix 4.5, and no signifi cant difference in 
abundance and species richness of aquatic 
insects was found between control and Neemix-
treated stream channels at the low dose, but 
medium and high doses reduced the abundance 
and richness of aquatic insect communities com-
pared with controls. These results suggest that 
neem is a risk to nontarget organisms at higher 
doses. Similarly, vegetable tannins have also 
been shown to exhibit biocidal properties among 
crustacean taxa representative of the nontarget 
fauna associated with Alpine mosquito breeding 
sites (Pautou et al.  2000 ). 

 Although there are a lot of encouraging 
in vitro laboratory results for the plant-based 
insecticides, in fi eld trials most of them fail and 
do not fulfi ll the initial screening requirements of 
commercial houses. The onus is thus placed upon 
the researcher to carry out fi eld trials for promis-
ing phytochemicals that are not picked up ini-
tially by insecticide manufacturers. It should be 
mentioned, however, that the high degree of bio-
degradation exhibited by most phytochemicals is 
what makes them eco-friendly and attractive as 
replacements of synthetic chemicals in the fi rst 
place. Although the evaluation of phytochemi-
cals is yet in its infancy and much research 
remains to further characterize promising agents 
and discover new agents, results described in this 
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review suggest that botanical phytochemicals 
should be counted as future alternative to syn-
thetic insecticides.     
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    Abstract  

  Some insects and arthropods frequently pose a serious risk to human 
health. They can cause painful bites and transmit some pathogens causing 
serious diseases such as malaria, dengue hemorrhagic fever, lymphatic 
fi lariasis, Lyme disease, river blindness, etc. Since the protective vaccines 
have not yet been available for most of these vector- borne diseases, vector 
controls are therefore the main strategies to prevent the diseases. Such 
plant-based products have been used in the control of insects of public 
health importance for centuries. However, the development and use of 
phytochemicals attracted considerable attention from researchers and 
industrial concerns in the last quarter of the century. Examples of major 
plant-based products used in pest control are pyrethrins, neem constitu-
ents, as well as many plant volatile essential oils for repelling hema-
tophagous insects affording personal protection of humans from biting 
arthropods and noxious insects. The public has the perception that plant-
based and other natural products are environmentally friendly and safer to 
use for vector control or apply to human skin as personal protectants than 
synthetic chemicals. Considerable advances have then been made in for-
mulating phytochemicals to increase their effi cacy, providing protection 
and acceptability in public health. In this chapter, we will dwell upon the 
research and development efforts leading to the development and use of 
plant essential oils for personal protection from anthropophilic insects and 
arthropods as well as the development and application of phytochemicals 
for the control of adult and preimaginal stages of disease vectors.  
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1         Vector-Borne Diseases 

 Some insects and arthropods frequently pose a 
serious risk to human    health. Mosquitoes, for 
example, not only cause painful bites and nui-
sance but also transmit some pathogens causing 
serious human diseases such as malaria, yellow 
fever, dengue hemorrhagic fever (DHF), chikun-
gunya fever, lymphatic fi lariasis, Japanese 
encephalitis, and West Nile encephalitis to 
humans (Bannister et al.  1996 ). Insects and other 
arthropods, such as blackfl ies, sand fl ies, tsetse 
fl ies, biting midges, ticks, chiggers, housefl ies, 
and cockroaches, have been reported to transmit 
several pathogens to humans by biological or 
mechanical transmission. It has been estimated 
that more than half of the world’s population, 
especially in tropical countries, is at risk from 
insect-borne diseases and at least 500 million 
people suffer from infections annually (WHO 
 1996 ). The diseases caused by various pathogens, 
such as bacteria, protozoans, nematodes, and 
viruses, are transmitted to human through the bite 
of the insect and arthropod vectors (Service 
 1993 ). The diseases, pathogens, and their vectors 
are summarized in Table  12.1 . The search for 
effective vaccines against these diseases is still in 
progress. Vector control and personal protection 
from insect and arthropod bites are currently 
the most important measures to control vector-
borne diseases.

2        Use of Plant Biopesticides 
to Manage Insect 
and Arthropod Vectors 

 Phytochemicals derived from extractions of 
various plant species have provided numerous 
acti vities against insects, including killing 
effects. Insecticides derived from plants have 
been deve loped as commercial products to control 

insects and arthropods that are human pests. The 
experimental plant extracts that were evaluated 
for their bioactivity against various insects and 
arthropods, such as mosquitoes, blackfl ies, biting 
midges, housefl ies, cockroaches, ticks, chiggers, 
and land leeches, are briefl y summarized in 
Table  12.2 . A synopsis of results from some of 
these studies is presented below.

2.1       Mosquitoes 

 Mosquitoes are the most important insects 
among the vectors that transmit communicable 
diseases to humans. Malaria, for example, is one of 
the most serious diseases that threaten millions 
of human life annually, and it is transmitted 
by the bites of several species of  Anopheles  
mosquitoes, such as  Anopheles gambiae ,  An. ara-
biensis ,  An. dirus  (Fig.  12.1 ),  An. minimus , etc. 
Dengue hemorrhagic fever and chikungunya are 
transmitted by  Aedes aegypti  (Fig.  12.2 ) and  Ae. 
albopictus . On the other hand, West Nile fever 
is transmitted by several species of  Culex  and 
 Aedes  mosquitoes. To minimize human-mosquito 
contact, efforts are directed toward prevention 
of mosquito bites. The current common protec-
tive measures include avoidance of high-risk 
exposure, such as outdoor activities during peak 
mosquito feeding periods, the application of 
mosquito repellents, the wearing of protective 
clothing, the use of anti-mosquito coils, the 
use of screens to discourage entrance of mos-
quitoes into houses, and the use of bed nets to 
prevent mosquito bites during sleep (Service 
 1993 ; WHO  1996 ). There are other strategies 
that could be applied to control mosquitoes, 
including immature and adult stages. To date, 
attempts have been made to investigate plant 
extracts having high-potential activities, such as 
repellent, oviposition deterrent, larvicide, and 
adulticide   .

  Keywords  

  Biopesticides   •   Repellents   •   Insects   •   Vectors   •   Human diseases  
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2.1.1        Repellents 
 The use of repellents is a potentially practical and 
economical means of preventing of mosquito 
bites. It is important not only for the local people 
in the risk areas, especially the tropical countries, 
but also for the travelers who are vulnerable to 
the diseases from mosquito vectors when relax-
ing away from home. Although the most 
common mosquito repellents currently avai-
lable in market containing deet ( N,N -diethyl-3- 
methylbenzamide) have shown the excellent 
repellent effi cacy against mosquitoes and other 
biting insects (Yap  1986 ; Coleman et al.  1993 ; 
   Walker et al.  1996 ), toxicity problems after appli-
cations of deet varying from mild to severe reac-
tions have been reported (Zadikoff  1979 ; Robbins 
and Cherniack  1986 ; Edwards and Johnson  1987 ; 
Qiu et al.  1998 ). To avoid these adverse effects, 
the attempts to investigate repellents derived 
from plant extracts in order to replace deet have 

been then conducted by many researchers. The 
development and use of locally available plant 
products showing repellent activity thus avails an 
alternative strategy for prevention of vector- 
borne diseases. 

 There are numerous publications containing 
information on plant-based repellents and protec-
tants, and it will not be possible to list and review 
them all here. Three publications offer an enor-
mous amount of information on research and 
development of personal protectants and repel-
lents (Sukumar et al.  1991 ; Debboun et al.  2007 ; 
Moore et al.  2007 ). These publications have an 
impressive list of published works on this sub-
ject. A considerable amount of research has been 
carried out on the neem tree ( Azadirachta indica ) 
and its various products for the control of medi-
cally important insects, including reports on 
the usefulness of neem products as repellents, 
protectants, and deterrents (Mulla and Su  1999 ). 
The recent volume published on neem tree by the 

   Table 12.1    Communicable diseases transmitted by various insects and arthropods   

 Diseases  Pathogens  Vectors 

 Malaria   Plasmodium  protozoan ( P. vivax ,  
P. falciparum ,  P. malariae ,  P. ovale ) 

 Several species of  Anopheles  
mosquitoes 

 Dengue/dengue hemorrhagic fever  Dengue viruses (DEN-1, DEN-2, 
DEN-3, DEN-4) 

  Ae. aegypti, Ae. albopictus  

 Chikungunya  Chikungunya virus (CHIK-V)   Ae. aegypti, Ae. albopictus  
 Japanese encephalitis  JE virus (JEV)   Cx. tritaeniorhynchus, Cx. gelidus, 

Cx. fuscocephala  
 West Nile fever  West Nile virus (WNV)  Several species of  Culex  and  Aedes  

mosquitoes 
 Lymphatic fi lariasis  Filarial worms ( Brugia malayi , 

 Wuchereria bancrofti ) 
 Several species of  Mansonia  
mosquitoes,  Ae. niveus ,  Cx. 
quinquefasciatus  

 Leishmaniasis, sandfl y fever  Several species of  Leishmania  
parasites 

 Several species of  Phlebotomus  and 
 Lutzomyia  sand fl ies 

 River blindness   Onchocerca volvulus   Several species of  Simulium  blackfl ies 
 African trypanosomiasis 
(sleeping sickness) 

  Trypanosoma  parasites 
( T. brucei gambiense ,  T. brucei 
rhodesiense ) 

 Several species of  Glossina  tsetse fl ies 

 Chagas disease   Trypanosoma cruzi   Triatomine bugs 
 Diarrhea  Several species of diarrheal bacteria  Cockroaches, housefl ies 
 Scrub typhus   Orientia tsutsugamushi   Several species of chiggers (larvae of 

mites) 
 Murine typhus (endemic typhus)   Rickettsia typhi   Several species of fl eas 
 Epidemic typhus   Rickettsia prowazekii    Amblyomma  ticks, body lice 
 Spotted fever  Several species of rickettsia bacteria  Several species of ticks and fl eas 
 Lyme disease   Borrelia  bacteria ( B. burgdorferi 

sensu stricto ,  B. afzelii ,  B. garinii ) 
 Deer ticks 
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   Table 12.2    Reported bioactivity of plant extracts against various insects and arthropods transmitted diseases (alpha-
betically arranged by plant species)   

 Plant species (family)  Extracts used  Test insects/arthropods/organisms  Bioactivity  References 

  Achillea millefolium  
(Asteraceae) 

 Ethyl acetate 
extract 

  Aedes  species  Repellent  Jaenson et al. ( 2006 ) 

  Ageratum conyzoides  
(Asteraceae) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 

  Aglaia odorata  
(Meliaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Allium sativum  
(Amaryllidaceae) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 
 Essential oil   R. microplus   Acaricide  Martinez-Velazquez 

et al. ( 2011 ) 
  Alpinia galanga  
(Zingiberaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Ambrosia confertifl ora  
(Asteraceae) 

 Ether extract   Ae. aegypti   Larvicide  Rodriguez et al. ( 2013 ) 

  Anethum graveolens  
(Apiaceae) 

 Essential oil   Ae. aegypti   Repellent  Choochote et al. ( 2007 ) 

  Apium graveolens  
(Apiaceae) 

 Ethanol 
extract 

  Ae. aegypti   Larvicide, 
adulticide, 
repellent 

 Choochote et al. ( 2004 ) 

 Hexane 
extract 

  Ae. aegypti   Repellent  Tuetun et al. ( 2004 ) 

 Hexane 
extract 

  Aedes  species,  Anopheles  
species,  Armigeres  species, 
 Culex  species,  Mansonia  species 

 Repellent  Tuetun et al. ( 2005 ) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 
 Essential oil   Ae. aegypti   Adulticide  Chaiyasit et al. ( 2006 ) 
 Essential oil   Ae. aegypti ,  An. dirus   Larvicide  Pitasawat et al. ( 2007 ) 
 Hexane 
extract 

  Aedes  species,  Anopheles  
species,  Armigeres  species, 
 Culex  species,  Mansonia  species 

 Repellent  Tuetun et al. ( 2008 , 
 2009 ) 

  Artemisia absinthium  
(Asteraceae) 

 Ethyl acetate 
extract, 
hexane 

  I. ricinus   Repellent  Jaenson et al. ( 2005 ) 

  Asarum heterotropoides  
(Aristolochiaceae) 

 Essential oil   Ae. aegypti, Cx. pipiens, 
Oc. togoi  

 Larvicide  Perumalsamy et al. 
( 2009 ) 

  Azadirachta indica  
(Meliaceae) 

 Essential oil   Anopheles  species,  Culex  species  Repellent  Das et al. ( 1999 ) 
 Essential oil   An. darlingi   Repellent  Moore et al. ( 2002 ) 
 Essential oil   C. impunctatus   Repellent  Blackwell et al. ( 2004 ) 
 Essential oil   I. ricinus   Repellent  Garboui et al. ( 2006 ) 
 Essential oil   P. orientalis, P. bergeroti   Repellent  Kebede et al. ( 2010 ) 
 Essential oil   Cx. quinquefasciatus   Larvicide  Anjali et al. ( 2012 ) 
 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Carapa guianensis  
(Meliaceae) 

 Essential oil   Ae. aegypti   Larvicide  Silva et al. ( 2006 ) 

  Carum carvi  
(Apiaceae) 

 Essential oil   Ae. aegypti   Adulticide  Chaiyasit et al. ( 2006 ) 
 Essential oil   Ae. aegypti ,  An. dirus   Larvicide  Pitasawat et al. ( 2007 ) 

  Catunaregam 
spathulifolia  
(Rubiaceae) 

 Water extract   Haemadipsa  species  Repellent  Vongsombath et al. 
( 2011 ) 

(continued)
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Table 12.2 (continued)

 Plant species (family)  Extracts used  Test insects/arthropods/organisms  Bioactivity  References 

  Cedrus deodara  
(Pinaceae) 

 Essential oil   An. stephensi   Adulticide  Singh et al. ( 1984 ) 
  M. domestica   Adulticide  Singh and Agrawal 

( 1988 ) 
  Chamaecyparis 
nootkatensis  
(Cupressaceae) 

 Essential oil   I. scapularis   Repellent  Dietrich et al. ( 2006 ) 

  Chamaecyparis obtusa  
(Cupressaceae) 

 Methanol 
extract 

  Ae. aegypti, Ochlerotatus togoi, 
Cx. pipiens pallens  

 Larvicide  Jang et al. ( 2005 ) 

  Cichorium intybus  
(Asteraceae) 

 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Cinnamomum 
camphora  (Lauraceae) 

 Essential oil   Ae. aegypti   Repellent  Yang et al. ( 2004 ) 

  Cinnamomum cassia  
(Lauraceae) 

 Methanol 
extract 

  Ae. aegypti   Repellent  Yang et al. ( 2004 ) 

 Essential oil   Ae. aegypti   Repellent  Chang et al. ( 2006 ) 
 Essential oil   Ae. albopictus ,  Ae. aegypti , 

 Cx. pipiens  
 Larvicide  Zhu et al. ( 2008 ) 

  Cinnamomum 
zeylanicum  (Lauraceae) 

 Essential oil   P. americana   Repellent  Ahmad et al. ( 1995 ) 

  Citrullus colocynthis  
(Cucurbitaceae) 

 Petroleum 
ether extract 

  Ae. aegypti ,  Cx. quinquefasciatus   Larvicide  Rahuman and 
Venkatesan ( 2008 ) 

  Citrus aurantifolia  
(Rutaceae) 

 Essential oil   Ae. albopictus   Repellent  Das et al. ( 2003 ) 
 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Citrus bergamia  
(Rutaceae) 

 Essential oil   Ae. aegypti ,  Cx. pipiens pallens   Larvicide  Lee ( 2006 ) 

  Citrus hystrix  
(Rutaceae) 

 Essential oil   Ae. aegypti ,  An. dirus , 
 Cx. quinquefasciatus  

 Repellent  Tawatsin et al. ( 2001 ) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 
 Essential oil   P. americana, B. germanica, 

N. rhombifolia  
 Repellent      

 Essential oil   Ae. aegypti   Larvicide  Sutthanont et al. ( 2010 ) 
  Citrus reticulata  
(Rutaceae) 

 Essential oil   Ae. aegypti   Larvicide  Sutthanont et al. ( 2010 ) 

  Clausena excavata  
(Rutaceae) 

 Essential oil   Ae. aegypti, Ae. albopictus   Repellent  Cheng et al. ( 2009 ) 

  Commiphora myrrha  
(Burseraceae) 

 Essential oil   Ae. aegypti , 
 Cx. pipiens pallens  

 Larvicide  Lee ( 2006 ) 

  Conyza aegyptiaca  
(Compositae) 

 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Cordia curassavica  
(Boraginaceae) 

 Water extract   Ae. aegypti   Larvicide  Mohammed and 
Chadee ( 2007 ) 

  Croton pseudopulchellus  
(Euphorbiaceae) 

 Essential oil   An. gambiae   Repellent  Odalo et al. ( 2005 ) 

  Croton roxburghii  
(Euphorbiaceae) 

 Essential oil   Aedes  species,  Armigeres  
species,  Culex  species 

 Repellent  Vongsombath et al. 
( 2012 ) 

  Curcuma aeruginosa  
(Zingiberaceae) 

 Ethanol 
extract 

  Ae. togoi, Ar. subalbatus, 
Cx. quinquefasciatus, 
Cx. tritaeniorhynchus  

 Repellent  Pitasawat et al. ( 2003 ) 
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Table 12.2 (continued)

 Plant species (family)  Extracts used  Test insects/arthropods/organisms  Bioactivity  References 

  Curcuma aromatica  
(Zingiberaceae) 

 Essential oil   Anopheles  species,  Culex  species  Repellent  Das et al. ( 1999 ) 
 Ethanol 
extract 

  Ae. togoi, Ar. subalbatus,   Repellent  Pitasawat et al. ( 2003 ) 

 Essential oil, 
hexane extract 

  Cx. quinquefasciatus, 
Cx. tritaeniorhynchus, 
Ae. aegypti  

 Repellent, 
larvicide, 
adulticide 

 Choochote et al. ( 2005 ) 

  Curcuma longa  
(Zingiberaceae) 

 Essential oil   P. americana   Repellent  Ahmad et al. ( 1995 ) 
 Essential oil   Ae. aegypti ,  Ae. albopictus , 

 An. dirus , 
 Repellent  Tawatsin et al. ( 2001 ) 

  Cx. quinquefasciatus ,  Simulium  
species,  Haemadipsa  species 

 Oviposition 
deterrent 

 Tawatsin et al. 
( 2006a ,  b ) 

 Essential oil   Ae. albopictus ,  Ae. aegypti , 
 Cx. pipiens  

 Larvicide  Zhu et al. ( 2008 ) 

  Curcuma xanthorrhiza  
(Zingiberaceae) 

 Ethanol 
extract 

  Ae. togoi, Ar. subalbatus, 
Cx. quinquefasciatus, 
Cx. tritaeniorhynchus  

 Repellent  Pitasawat et al. ( 2003 ) 

  Curcuma zedoaria  
(Zingiberaceae) 

 Essential oil   Ae. aegypti   Adulticide  Chaiyasit et al. ( 2006 ) 
 Essential oil   Ae. aegypti ,  An. dirus   Larvicide  Pitasawat et al. ( 2007 ) 

and Champakaew et al. 
( 2007 ) 

  Cymbopogon citratus  
(Poaceae) 

 Essential oil   P. americana   Repellent  Ahmad et al. ( 1995 ) 
 Essential oil   Ae. aegypti   Larvicide  Cavalcanti et al. ( 2004 ) 

  Cymbopogon nardus  
(Poaceae) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 

  Cymbopogon 
winterianus  (Poaceae) 

 Essential oil   Ae. aegypti ,  An. dirus , 
 Cx. quinquefasciatus  

 Repellent  Tawatsin et al. ( 2001 ) 

  Cyperus rotundus  
(Cyperaceae) 

 Essential oil   B. germanica   Adulticide  Chang et al. ( 2012 ) 

  Daucus carota  
(Apiaceae) 

 Ethanol, 
hexane extract 

  Cx. annulirostris   Larvicide  Shaalan et al. ( 2006 ) 

  Eleutherococcus 
trifoliatus  (Araliaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Endostemon tereticaulis  
(Lamiaceae) 

 Essential oil   An. gambiae   Repellent  Odalo et al. ( 2005 ) 

  Eucalyptus citriodora  
or  Corymbia citriodora  
(Myrtaceae) 

 PMD   An. darlingi   Repellent  Moore et al. ( 2002 ) 
 PMD   Haemadipsa  species  Repellent  Kirton ( 2005 ) 
 PMD   I. ricinus   Repellent  Garboui et al. ( 2006 ) 
 PMD   L. carteri   Repellent  Carroll and Loye 

( 2006a ) 
 PMD   Ae. aegypti, Ae. vexans, 

Oc. melanimon, Oc. increpitus  
 Repellent  Carroll and Loye 

( 2006b ) 
 Essential oil   Ae. albopictus ,  Ae. aegypti , 

 Cx. pipiens  
 Larvicide  Zhu et al. ( 2008 ) 

 Leave (direct 
burning and 
thermal 
expulsion) 

  An. arabiensis ,  An. pharoensis   Repellent  Dugassa et al. ( 2009 ) 

  Eucalyptus grandis  
(Myrtaceae) 

 Essential oil   Ae. aegypti   Larvicide  Lucia et al. ( 2007 ) 
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Table 12.2 (continued)

 Plant species (family)  Extracts used  Test insects/arthropods/organisms  Bioactivity  References 

  Eucalyptus globulus  
(Myrtaceae) 

 Essential oil   L. imphalum   Repellent  Eamsobhana et al. 
( 2009 ) 

 Essential oil   M. domestica   Repellent, 
larvicide, 
pupicide 

 Kumar et al. ( 2011 ) 

 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Eugenia caryophyllata  
(Myrtaceae) 

 Essential oil   S. calcitrans   Repellent  Hieu et al. ( 2010 ) 

  Foeniculum vulgare  
(Apiaceae) 

 Essential oil   Ae. aegypti ,  An. dirus   Larvicide  Pitasawat et al. ( 2007 ) 

  Hedychium coronarium  
(Zingiberaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Houttuynia cordata  
(Saururaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Hyptis suaveolens  
(Lamiaceae) 

 Ethyl acetate 
extract 

  Ae. aegypti, Aedes  species  Repellent  Jaenson et al. ( 2006 ) 

 Essential oil   Aedes  species,  Armigeres  
species,  Culex  species 

 Repellent  Vongsombath et al. 
( 2012 ) 

  Illicium verum  
(Schisandraceae) 

 Ethanol 
extract 

  Cx. quinquefasciatus   Larvicide  Pitasawat et al. ( 1998 ) 

 Essential oil   Ae. aegypti   Adulticide  Chaiyasit et al. ( 2006 ) 
  Kaempferia galanga  
(Zingiberaceae) 

 Ethanol 
extract 

  Cx. quinquefasciatus   Larvicide  Pitasawat et al. ( 1998 ) 

 Hexane 
extract 

  Ae. aegypti, Ar. subalbatus, 
Ma. uniformis , 

 Larvicide, 
adulticide 

 Choochote et al. ( 1999 ) 

  Anopheles  species,  Culex  species  Repellent 
 Essential oil   Ae. aegypti   Repellent  Choochote et al. ( 2007 ) 
 Essential oil   Ae. aegypti   Larvicidal  Sutthanont et al. ( 2010 ) 

  Khaya senegalensis  
(Meliaceae) 

 Acetone, 
ethanol, 
hexane, 
methanol 
extract 

  Cx. annulirostris   Larvicide  Shaalan et al. ( 2006 ) 

  Levisticum offi cinale  
(Apiaceae) 

 Essential oil   S. calcitrans   Repellent  Hieu et al. ( 2010 ) 

  Lippia graveolens  
(Verbenaceae) 

 Essential oil   R. microplus   Repellent  Martinez-Velazquez 
et al. ( 2011 ) 

  Litsea cubeba  
(Lauraceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

 Essential oil   Aedes  species,  Armigeres  species, 
 Culex  species 

  Luetzelburgia 
auriculata  (Fabaceae) 

 Ethanol 
extract 

  Ae. aegypti   Ovicide, 
larvicide, 
pupicide 

 Souza et al. ( 2011 ) 

  Manglietia garrettii  
(Magnoliaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Melaleuca alternifolia  
(Myrtaceae) 

 Essential oil   L. imphalum   Repellent  Eamsobhana et al. 
( 2009 ) 
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Table 12.2 (continued)

 Plant species (family)  Extracts used  Test insects/arthropods/organisms  Bioactivity  References 

  Melaleuca cajuputi  
(Myrtaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Melaleuca ericifolia  
(Myrtaceae) 

 Essential oil   Ae. vigilax, V. carmenti, 
M. vetustissima, C. ornatus, 
C. immaculatus  

 Repellent  Greive et al. ( 2010 ) 

  Melia azedarach  
(Meliaceae) 

 Essential oil   P. orientalis ,  P. bergeroti   Repellent  Kebede et al. ( 2010 ) 

  Mentha piperita  
(Lamiaceae) 

 Essential oil   M. domestica   Repellent, 
larvicide, 
pupicide 

 Kumar et al. ( 2011 ) 

  Mentha spicata  
(Lamiaceae) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 

  Momordica charantia  
(Cucurbitaceae) 

 Methanol 
extract 

  Ae. aegypti ,  Cx. quinquefasciatus   Larvicide  Rahuman and 
Venkatesan ( 2008 ) 

  Murraya paniculata  
(Rutaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Myracrodruon 
urundeuva  
(Anacardiaceae) 

 Ethanol 
extract 

  Ae. aegypti   Ovicide, 
larvicide, 
pupicide 

 Souza et al. ( 2011 ) 

  Myrica gale  
(Myricaceae) 

 Essential oil,   I. ricinus   Repellent  Jaenson et al. ( 2005 ) 
 Ethyl acetate 
extract 

  Ae. aegypti, Aedes  species  Repellent  Jaenson et al. ( 2006 ) 

  Myristica fragrans  
(Myristicaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus ,  
An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Nardostachys chinensis  
(Valerianaceae) 

 Methanol 
extract 

  Ae. aegypti   Repellent  Yang et al. ( 2004 ) 

  Nepeta cataria  
(Lamiaceae) 

 Essential oil   Ae. albopictus, Ae. aegypti, 
Cx. pipiens pallens  

 Repellent  Zhu et al. ( 2006 ) 

 Essential oil   Ae. intrudens, S. decorum   Repellent  Spero et al. ( 2008 ) 
  Ocimum americanum  
(Labiatae) 

 Essential oil   Ae. aegypti ,  An. dirus ,  
Cx. quinquefasciatus  

 Repellent  Tawatsin et al. ( 2001 ) 

 Essential oil   Ae. aegypti   Larvicide  Cavalcanti et al. ( 2004 ) 
  Ocimum basilicum  
(Labiatae) 

 Essential oil   Ae. aegypti, An. minimus, 
Cx. quinquefasciatus  

 Repellent  Phasomkusolsil and 
Soonwera ( 2010 ) 

  Ocimum fi scheri  
(Labiatae) 

 Essential oil   An. gambiae   Repellent  Odalo et al. ( 2005 ) 

  Ocimum forskolei  
(Labiatae) 

 Essential oil   An. gambiae   Repellent  Odalo et al. ( 2005 ) 

  Ocimum gratissimum  
(Labiatae) 

 Essential oil   Ae. aegypti   Larvicide  Cavalcanti et al. ( 2004 ) 
 Essential oil   S. damnosum   Repellent  Usip et al. ( 2006 ) 

  Ocimum sanctum  
(Labiatae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Paeonia suffruticosa  
(Paeoniaceae) 

 Methanol 
extract 

  Ae. aegypti   Repellent  Yang et al. ( 2004 ) 

  Pandanus odorus  
(Pandanaceae) 

 Essential oil   P. americana   Repellent  Ahmad et al. ( 1995 ) 

  Pelargonium graveolens  
(Geraniaceae) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 
 Essential oil   L. imphalum   Repellent  Eamsobhana et al. 

( 2009 ) 
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Table 12.2 (continued)

 Plant species (family)  Extracts used  Test insects/arthropods/organisms  Bioactivity  References 

  Pemphis acidula  
(Lythraceae) 

 Methanol, 
benzene, 
acetone 
extract 

  Cx. quinquefasciatus, Ae. aegypti   Larvicide, 
ovicide, 
repellent 

  

  Pimenta racemosa  
(Myrtaceae) 

 Essential oil   Ae. aegypti, Cx. pipiens pallens   Larvicide  Lee ( 2006 ) 

  Pinus longifolia  
(Pinaceae) 

 Essential oil   An. culicifacies   Repellent  Ansari et al. ( 2005 ) 
  Cx. quinquefasciatus  

  Piper aduncum  
(Piperaceae) 

 Essential oil   Ae. albopictus   Repellent  Misni et al. ( 2009 ) 

  Piper betle  
(Piperaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Piper longum  
(Piperaceae) 

 Essential oil   Ae. aegypti   Adulticide  Chaiyasit et al. ( 2006 ) 
 Ethanol 
extract 

  Ae. aegypti   Larvicide  Chaithong et al. ( 2006 ) 

 Ethanol 
extract 

  St. aegypti   Adulticide  Choochote et al. ( 2006 ) 

  Piper nigrum  
(Piperaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Piper retrofractum  
(Piperaceae) 

 Water extract   Ae. aegypti ,  Cx. quinquefasciatus   Larvicide  Chansang et al. ( 2005 ) 

  Piptadenia moniliformis  
(Fabaceae) 

 Ethanol 
extract 

  Ae. aegypti   Ovicide, 
larvicide, 
pupicide 

 Souza et al. ( 2011 ) 

  Piper ribesoides  
(Piperaceae) 

 Ethanol 
extract 

  Ae. aegypti   Larvicide  Chaithong et al. ( 2006 ) 

 Ethanol 
extract 

  St. aegypti   Adulticide  Choochote et al. ( 2006 ) 

  Piper sarmentosum  
(Piperaceae) 

 Ethanol 
extract 

  Ae. aegypti   Larvicide  Chaithong et al. ( 2006 ) 

 Ethanol 
extract 

  St. aegypti   Adulticide  Choochote et al. ( 2006 ) 

  Plectranthus longipes  
(Lamiaceae) 

 Essential oil   An. gambiae   Repellent  Odalo et al. ( 2005 ) 

  Pogostemon cablin  
(Lamiaceae) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 
  S. calcitrans   Repellent  Hieu et al. ( 2010 ) 

  Psidium guajava  
(Myrtaceae )  

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus , 
 Simulium  species,  Haemadipsa  
species 

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a , 
 b ) 

  Punica granatum  
(Lythraceae) 

 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Rosmarinus offi cinalis  
(Lamiaceae) 

 Essential oil   R. microplus   Repellent  Martinez-Velazquez 
et al. ( 2011 ) 

  Rhododendron 
tomentosum  
(Ericaceae) 

 Essential oil   I. ricinus   Repellent  Jaenson et al ( 2005 ) 
 Ethyl acetate 
extract 

  Ae. aegypti, Aedes  species  Repellent  Jaenson et al. ( 2006 ) 
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Table 12.2 (continued)

 Plant species (family)  Extracts used  Test insects/arthropods/organisms  Bioactivity  References 

  Ruta chalepensis  
(Rutaceae) 

 Ether extract, 
methanol 
extract 

  Ae. aegypti   Larvicide  Rodriguez et al. ( 2013 ) 

  Salix safsaf  
(Salicaceae) 

 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Santalum album  
(Santalaceae) 

 Essential oil   Ae. albopictus ,  Ae. aegypti , 
 Cx. pipiens  

 Larvicide  Zhu et al. ( 2008 ) 

  Santalum  (Santalaceae)  Essential oil   Cx. molestus, Ae. camptorhynchus   Larvicide  Spafford et al. ( 2007 ) 
  Sapindus rarak  
(Sapindaceae) 

 Water extract   Haemadipsa  species  Repellent  Vongsombath et al. 
( 2011 ) 

  Scheffl era leucantha  
(Araliaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Sonchus oleraceus  
(Asteraceae) 

 Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. ( 2012 ) 

  Spilanthes acmella  
(Compositae) 

 Ethanol 
extract 

  Cx. quinquefasciatus   Larvicide  Pitasawat et al. ( 1998 ) 

 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 
  Syzygium aromaticum  
(Myrtaceae) 

 Essential oil   P. americana   Repellent  Ahmad et al. ( 1995 ) 
 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 
 Essential oil   L. imphalum   Repellent  Eamsobhana et al. 

( 2009 ) 
 Essential oil   Ae. aegypti   Larvicide  Sutthanont et al. ( 2010 ) 

  Thymus vulgaris  
(Lamiaceae) 

 Essential oil   Ae. albopictus, Ae. aegypti, 
Cx. pipiens pallens  

 Repellent  Zhu et al. ( 2006 ) 

 Essential oil   S. calcitrans   Repellent  Hieu et al. ( 2010 ) 
 Ether extract   Ae. aegypti   Larvicide  Rodriguez et al. ( 2013 ) 

  Vernonia elaeagnifolia  
(Compositae) 

 Water extract   Haemadipsa  species  Repellent  Vongsombath et al. 
( 2011 ) 

  Vitex trifolia  
(Verbenaceae) 

 Essential oil   Ae. aegypti ,  Ae. albopictus , 
 An. dirus ,  Cx. quinquefasciatus  

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. ( 2006a ) 

  Zanthoxylum armatum  
(Rutaceae) 

 Essential oil   Anopheles  species,  Culex  species  Repellent  Das et al. ( 1999 ) 
 Seed oil   Ae. aegypti   Repellent  Kwon et al. ( 2011 ) 

  Zanthoxylum fagara  
(Rutaceae) 

 Ether extract   Ae. aegypti   Larvicide  Rodriguez et al. ( 2013 ) 

  Zanthoxylum limonella  
(Rutaceae) 

 Essential oil   Ae. albopictus   Repellent  Das et al. ( 2003 ) 
 Essential oil   Ae. aegypti   Repellent  Trongtokit et al. ( 2005 ) 
 Essential oil   Ae. aegypti ,  An. dirus   Larvicide  Pitasawat et al. ( 2007 ) 

  Zanthoxylum piperitum  
(Rutaceae) 

 Essential oil   Ae. aegypti   Repellent  Choochote et al. ( 2007 ) 
and Kamsuk et al. 
( 2007 ) 

  Zea mays  (Poaceae)  Ethanol 
extract 

  M. domestica   Adulticide  Mansour et al. (2012) 

  Zingiber cassumunar  
(Zingiberaceae) 

 Essential oil   L. imphalum   Repellent  Eamsobhana et al. 
( 2009 ) 

 Essential oil   Ae. aegypti, An. minimus, 
Cx. quinquefasciatus  

 Repellent  Phasomkusolsil and 
Soonwera ( 2010 ) 
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  Zingiber offi cinale  
(Zingiberaceae) 

 Essential oil   P. americana   Repellent  Ahmad et al. ( 1995 ) 
 Essential oil   Ae. aegypti ,  Ae. albopictus ,  An. 

dirus ,  Cx. quinquefasciatus , 
 Simulium  species  Haemadipsa  
species 

 Repellent, 
oviposition 
deterrent 

 Tawatsin et al. 
( 2006a ,  b ) 

  Zingiber zerumbet  
(Zingiberaceae) 

 Essential oil   Ae. aegypti   Larvicide  Sutthanont et al. ( 2010 ) 

  Fig. 12.1     Anopheles dirus        

  Fig. 12.2     Aedes aegypti        
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Neem Foundation (Schmuterer  2002 ) contains 
valuable information on the neem tree and the 
unique products derived from this tree, which are 
used in pest control and many industrial, medi-
cinal, and agricultural enterprises. The neem tree 
( A. indica ) has attracted a great deal of attention 
as a source of agricultural biopesticides. In India, 
neem tree parts have been used for thousands of 
years as insect repellents and protectants. In 
recent years, materials from this plant have been 
developed for the control of medical insects. The 
neem tree has about 35 bioactive compounds 
which show toxicity, causing sterility, decreased 
fecundity, as well as repellency and deterrence. 
Proper formulations can increase toxicity and 
repellency of neem and other plant products. 
Bioactivity is related to concentration of bio-
active principles and the extent of release and 
absorption (Isman  1999 ; Mulla and Su  1999 ; 
Schmuterer  2002 ). Bioactive materials from 
neem tree have multiple modes of action, such as 
repellency, deterrence, sterility, growth regula-
tion, and toxicity (Isman  1999 ; Mulla and Su 
 1999 ; Schmuterer  2002 ). 

 Essential oils are extracted from particular 
parts of plants by steam distillation, and mos-
quito repellents derived from plant extracts are 
mostly essential oils. Evidently, essential oils are 
known to evaporate at room temperature over 
other oils. As per reviews of literature on this 
aspects is concerned, several essential oil-bearing 
plants have been identifi ed as source of potential 
mosquito repellents. These plants include 
pyrethrum ( Chrysanthemum cinerariaefolium ), 
sweet almond ( Prunus amygdalus ), geranium 
( Pelargonium graveolens ), hemlock ( Conium 
maculatum ) (Macnay  1939 ; Rutledge and Gupta 
 1996 ), neem ( A. indica ) (Ansari and Razdan 
 1995 ; Sharma et al.  1995 ), turmeric ( Curcuma 
longa ) (Tawatsin et al.  2001 ), aromatic turmeric 
( C. aromatica ) (Pitasawat et al.  2003 ), kaffi r lime 
( Citrus hystrix ) (Tawatsin et al.  2001 ), citronella 
grass ( Cymbopogon nardus ) (Dethier  1948 ; 
Tyaki et al.  1998 ), hairy basil ( Ocimum america-
num ) (Chokechaijaroenporn et al.  1994 ; Palsson 
and Jaenson  1999 ; Tawatsin et al.  2001 ), eucalyp-
tus ( Eucalyptus globulus ) (Trigg  1996a ), clove 
( Syzygium aromaticum ), makaen ( Zanthoxylum 

limonella ) (Trongtokit et al.  2004 ), thyme ( Thymus 
vulgaris ) (Choi et al.  2002 ; Park et al.  2005 ), and 
 Melaleuca ericifolia  (Greive et al.  2010 ). 

  Ocimum  species ( Basilicum  in particular) con-
tains a number of repellent compounds which 
also act as mosquito larvicides. Species of  Hyptis, 
Mentha,  and  Thymus  also contain insect- repellent 
principles, and they are used in various ways by 
the local communities.  Tagetes  species have 
exhibited larvicidal and insecticidal properties, 
and their essential oils act as repellents in some 
species and not others.  Artemisia  species have 
both essential oils which act as repellent and 
other principles acting as larvicides. Lemon 
eucalyptus extracts from  Eucalyptus citriodora  
or  Corymbia citriodora  (from China) have been 
the subject of many tests. The essential oil extract 
was noted to have repellency to mosquitoes, 
slightly better than most  Eucalyptus  species. 
The compound  p -menthane-3,8-diol (PMD) was 
identifi ed as a by-product. This material was 
proven to be highly repellent, equaling the 
repellency of deet (commercial repellent). The 
Chinese name of this repellent is Quwenling, 
“effective repellent of mosquitoes.” 

 Moore et al. ( 2007 ) tabulate the protection 
time for essential oils in extracts of 37 plants. The 
protection time has been found increased corre-
sponding to concentration of essential oils. Most 
of the protection times for 50 % concentration 
were from 0 to 80 min. The longest protection 
time were 88 min for  Z. limonella  and 60 min 
for each of  Apium graveolens ,  C. nardus , and 
 Pogostemon cablin . The rest of the plant essential 
oils showed low levels of repellency. The same 
authors provide a comparison in protection time 
among 8 commercial plant-based products with 
Skinsensation (7 % deet). Six commercial pro-
ducts were inferior to Skinsensation, while 2 com-
mercial plant products (Bite Blocker and Repel) 
proved superior to deet. Bite Blocker contains oil 
of coconut, geranium, and soybean (Consep Inc., 
Bend Oregon), and Repel contains oil of lemon 
eucalyptus and PMD (Wisconsin Pharmacal 
Co, Jackson WI). As mentioned earlier, 
 appropriate formulations will greatly enhance the 
 effectiveness of plant essential oils as insect 
repellents. Gerberg and Novak ( 2007 ) list 50 
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plants and the names of repellent products 
derived from them. Apparently, there are other 
plants and products used locally that have not 
been commercialized. 

 The repellent chemicals found in different 
parts of plants have been identifi ed in some plant 
extracts. These constituents not only act as repel-
lents but also as feeding deterrents, toxicants, 
growth regulators, etc. The major groups of 
chemical substances identifi ed are categorized 
as alkaloids, phenols, terpenoids, and others. 
Different plant species and their parts yield 
different groups of chemicals and in varying 
quantities. Some plants may have one or a few 
phytochemicals possessing repellent properties, 
while others may have quite a few principles. The 
citronella group of grasses originating in India 
has widespread distribution. These plants have 
varying amounts of repellent chemicals (mostly 
terpenoids), but the most abundant repellent 
chemicals contained are citronella, citronellol, 
and geraniol. The grass  C. nardus  or citronella is 
the most common species used in commercial 
blending of repellent products. Several other spe-
cies of  Cymbopogon  are used in commercially 
available plant products. 

 Citronella oil has long been known and widely 
used in India, Sri Lanka, and Java; unfortunately, 
its early history is unrecorded (Weiss  1997 ). 
However, citronella oil extracted from  C. nardus  
(formerly  Andropogon nardus ) has been broadly 
recognized as a mosquito repellent since 1882 
(Dethier  1948 ). Citronella oil, which is available 
commercially, usually comes from  C. nardus  and 
 C. winterianus ; they are usually defi ned as 
Ceylon and Java types, respectively (Weiss 
 1997 ).  C. nardus  seems to have been studied as a 
mosquito repellent more than  C. winterianus . In 
India, Osmani et al. ( 1972 ) demonstrated that 
citronella oil extracted from  C. nardus  was as 
effective as dimethyl phthalate against the mos-
quito  Culex quinquefasciatus  (formerly  Cx. pipi-
ens fatigans ) in the fi eld. The oil provided almost 
complete protection against  Anopheles culicifa-
cies  and  Cx. quinquefasciatus  under fi eld condi-
tions (Ansari and Razdan  1995 ), and it provided 
complete protection against  Ae. aegypti ,  An. ste-
phensi , and  Cx. quinquefasciatus  for as long as 

8–10 h under laboratory and fi eld conditions 
(Tyaki et al.  1998 ). 

 In Thailand, all citronella oils formulated as 
topical mosquito repellents have been extracted 
from  C. nardus . Jaruwichitratana et al. ( 1988 ) 
showed that 14 % citronella cream repelled  Culex  
mosquitoes for 1 h under fi eld conditions, 
whereas Wasuwat et al. ( 1990 ) found that 14 % 
citronella cream provided repellency against  Ae. 
aegypti  for two hours under laboratory condi-
tions. Sree-iam ( 1991 ) showed that 15–30 % 
citronella oil was likely to be the effective con-
centration range to be formulated as a topical 
repellent in various forms (i.e., solution, gel, and 
emulsion) with protection times of 2.0–3.7 h 
against  Ae. aegypti  under laboratory conditions. 
On the other hand, Suwonkerd and Tantrarongroj 
( 1994 ) revealed that repellencies of 1.25, 2.5, and 
5 % citronella cream against  An. minimus  under 
laboratory conditions were 2 h, whereas that of 
10 % formulation provided at least 4 h. It is 
important to note that these studies were con-
ducted on human skin-based methods (Fig.  12.3 ).

   The plant essential oil possesses enormous 
potential for its bioactivities against various 
arthropods including storage pests (Singh et al. 
 1989 ). The essential oils of turmeric, especially 
obtained from  C. longa , were widely studied for 
repellent/insecticidal effi cacies against many 
arthropods, such as stored-grain pests (Su et al. 
 1982 ; Jilani and Su  1983 ; Jilani et al.  1988 ; Jilani 
and Saxena  1990 ), mites (Gulati and Mathur 
 1995 ), and cockroaches (Ahmad et al.  1995 ). 
However, very few evaluations of this plant have 
been conducted against mosquitoes (Tawatsin 
et al.  2001 ). Ross ( 1999 ) reported that root essen-
tial oil of turmeric extracted by petroleum ether 
was active against  Ae. aegypti , but the effective 
concentration and protection time were not 
reported. Tawatsin et al. ( 2001 ) demonstrated 
that the repellent containing turmeric volatile oil 
with addition of 5 % vanillin provided repellency 
against  Ae. aegypti  for about 4 h and against 
 An. dirus  and  Cx. quinquefasciatus  for 8 h under 
laboratory conditions. 

 For basil, a study in Tanzania showed that 
juices squeezed from the green leaves and infl o-
rescences of  O. americanum  and  O. suave  rubbed 
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on a leg of a volunteer could reduce biting of  An. 
gambiae  by about 50 % (White  1973 ).     Ocimum  
volatile oils obtained from  O. gratissimum ,  O. 
tenuifl orum ,  O. basilicum , and  O. americanum  
had repellency of 2.25, 1.75, 1.25, and 0.25 h, 
respectively, against  Ae. aegypti , using laboratory 
mouse skin (Chokechaijaroenporn et al.  1994 ). 
On the other hand, in a study in Guinea Bissau, 
West Africa, fresh  O. canum  (syn.  O. america-
num ) could reduce biting by anopheline mosqui-
toes (mostly  An. gambiae  and  An. pharoensis ) by 
about 63.6 % under fi eld conditions between 
2,000 and 2,200 h (Palsson and Jaenson  1999 ). 

 Trongtokit et al .  ( 2005 ) carried out an inten-
sive investigation on mosquito repellent in 38 
essential oils obtained by steam distillation under 
laboratory conditions using human arm inserted 
into a cage and found that the oils of  S. aromati-
cum  (clove) and  Z. limonella  (makaen) provided 
the longest period of complete repellency for 
2–4 h. Subsequently, the gel products containing 
20 % clove oil or 10 % clove plus 10 % makaen 
oil were formulated, and they exhibited a high 
degree of repellencies for 5 h under both labora-
tory and fi eld conditions (Trongtokit et al.  2004 ). 

 Attempts to increase the effi cacy of mosquito 
repellents by formulation with various materials 

(e.g., perfume fi xatives, vanillin, polymers) have 
been carried out by many researchers. Khan et al. 
( 1975a ) combined seven aromatic nitrogen com-
pounds (commercial perfume fi xatives) with four 
mosquito repellents (deet, ethyl hexanediol, 
dimethyl phthalate, and Indalone®) to investigate 
the effects on prolonged repellency; four com-
pounds (Tibetene®, Ambrette, Givambrol, and 
musk xylol) could signifi cantly increase repel-
lency of deet against  Ae. aegypti , whereas all 
compounds showed no effect with ethyl hexane-
diol, dimethyl phthalate, and Indalone®. Khan 
et al. ( 1975b ) also studied the effect of the addi-
tion of vanillin (4-hydroxy-3- methoxybenzal-
dehyde) to seven mosquito repellents (deet, ethyl 
hexanediol, dimethyl phthalate, Indalone®, tri-
ethylene glycol monohexyl ether, triethylene gly-
col monoheptyl ether, and triethylene glycol 
ethylhexyl ether) and found that vanillin could 
signifi cantly prolong repellency against  Ae. 
aegypti  of all test repellents. It was suggested that 
vanillin was more potent than were the previ-
ously studied perfume fi xatives, as they were 
more specifi c than vanillin and were effective 
only when used with deet (Khan et al.  1975b ). 
Vanillin prolonged repellency of repellent by 
reducing its evaporation rate (Khan et al.  1975b ). 

  Fig. 12.3    Repellent testing against mosquitoes in laboratory       
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 Tawatsin et al. ( 2001 ) tested volatile oils from 
plants against three mosquito species determin-
ing medium protection time. Essential oils from 
turmeric ( C. longa ), citronella ( C. winterianus ), 
and hairy basil ( O. americanum ) formulated with 
vanillin as additive gave essentially the same pro-
tection time (6–8 h) as deet for  Ae. aegypti ,  An. 
dirus , and  Cx. quinquefasciatus . In another fi eld 
study, the extracts of citronella oil (10–13 %), 
eucalyptus oil (15 %), and tea tree oil (5 %) pro-
vided protection (93–100 %) for 4 h from night- 
biting mosquitoes ( Culex  species and  Mansonia  
species) (Thavara et al.  2002 ). Again, the extent 
of protection and duration were similar to the 
standard chemical repellent deet. 

 In a comprehensive study, Tawatsin et al. 
( 2006a ) extracted and formulated essential oils 
from 18 plant species and compared them for 
protection time with deet and IR3535 (ethyl 
butylacetylaminopropionate) against 4 species of 
mosquitoes ( Ae. aegypti ,  Ae. albopictus ,  An. 
dirus , and  Cx. quinquefasciatus ). Chemical com-
position of the oils for each plant species was 
also determined. The oil yield from the 18 plants 
ranged from 0.04 to 0.80 %. The oils were 
extracted from leaves, fl owers, or rhizomes, 
depending on the plant. The plant-based products 
afforded low to medium protection time 
(0.3–2.8 h) against  Ae. aegypti  as compared to 
deet (7.5 h) and IR 3535 (6.7 h). It seems that  Ae. 
aegypti  was not sensitive to these plant extracts. 
On the other hand, all plant extracts with the 
exception of  Litsea cubeba ,  Aglaia odorata , 
 Myristica fragrans ,  Psidium guajava ,  Murraya 
paniculata , and Z ingiber offi cinale  provided at 
least 7 h protection against  Ae. albopictus , equal-
ing that of deet or IR3535. All 18 plant extracts 
gave high levels of protection time (7–8 h) against 
 An. dirus , equaling that of deet or IR3535. Only 
four plant species yielded around 6 h protection 
time against  Cx. quinquefasciatus , and the 
remaining four species yielded protection time of 
7–8 h, comparable to the time afforded by the 
two synthetic chemicals. The plants giving 
7.8–8 h protection against this mosquito were 
 Piper nigrum  and  C. longa . It is possible that for-
mulation manipulation might increase activity 
and duration of plants giving less protection 

using unformulated material. But this would not 
be necessary, as the number of active plants 
 currently known is adequate. A fi eld study with 
four plant-based repellents was carried out 
against night-biting ( Culex  and  Mansonia ) and 
day- biting ( Ae. aegypti  and  Ae. albopictus ) mos-
quitoes (Tawatsin et al.  2006b ). The four plant 
oils, fi ngerroot,  Boesenbergia rotunda  (10 %); 
guava,  P. guajava  (10 %); turmeric,  C. longa  
(10 %); and a commercial product Repel Care 
9.5 % (turmeric oil 5 % and  E. citriodora  oil 
4.5 %), were compared with deet. All repellents 
provided 100 % protection for 9 h. The same 
products tested on human volunteers against day-
biting mosquitoes gave almost 100 % protection 
for 5 h and provided 76–93 % protection for 8 h. 
In these tests, the effi cacies of the plant extracts 
were equal to that of deet against both day- and 
night- biting mosquitoes. 

 Celery ( A. graveolens ) is an outstanding plant 
which possesses various kinds of bioactivities 
against mosquitoes, including repellent, larvici-
dal, and adulticidal effects (Choochote et al. 
 2004 ; Tuetun et al.  2004 ,  2005 ,  2008 ,  2009 ; 
Trongtokit et al.  2005 ; Chaiyasit et al.  2006 ; 
Pitasawat et al.  2007 ). However, the repellent 
activity of celery seed extract seems to be an 
extraordinary effect over other activities. The 
hexane extract of  A. graveolens  seed exhibited 
strong repellent activity against  Ae. aegypti  in 
laboratory and a broad range of mosquito 
species belonging to various genera, such as 
 Ae. gardnerii ,  Ae. lineatopennis ,  Armigeres 
subalbatus ,  Cx. tritaeniorhynchus ,  Cx. vishnui , 
 Cx. quinquefasciatus , and  Mansonia uniformis  
(Tuetun et al.  2004 ,  2005 ). Subsequently, the 
best formulation of the hexane extract of  A. gra-
veolens  seed called G10 was developed and 
evaluated for repellent activity under laboratory 
and fi eld conditions. It is noteworthy that G10 
showed excellent repellency against  Ae. aegypti  
in laboratory (Tuetun et al.  2008 ) and against a 
wide range of mosquito species belonging to 
various genera, including  Aedes ,  Anopheles , 
 Armigeres ,  Culex , and  Mansonia  in the fi eld 
(Tuetun et al.  2009 ). It is expected that G10 
will be commercial available in Thailand in the 
near future. 
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 In Australia, the essential oil extracted from 
 M. ericifolia  was found to be an effective repel-
lent against various bloodsucking insects, includ-
ing mosquitoes and biting midges (Greive et al. 
 2010 ). It was revealed that the three formulations 
(alcohol-based spray, emulsion, and gel) of repel-
lents containing essential oil of  M. ericifolia  
(5 %) as active ingredient were highly effective 
against  Ae. vigilax  and  Verrallina carmenti  mos-
quitoes in the fi eld and they also were of compa-
rable repellency and not signifi cantly different to 
a commercial repellent containing 69.75 g/L deet 
(Greive et al.  2010 ).  

2.1.2     Mosquito Coils 
 The most common devices sold for personal pro-
tection are mosquito coils and they are used in 
large quantities on a worldwide basis. It has been 
estimated that the number of mosquito coils sold 
worldwide reaches to 29 billion, where 95 % are 
used in Asia. Mosquito coils are used primarily by 
low-income communities, while vaporizing mats 
and aerosols are used by the middle- and high-
income sectors. Mulla et al. ( 2001 ) noted that in 
mosquito-infested areas of Thailand, the residents 
spent about US$12.50–25 per residence 
per annum for protection from biting mosquitoes. 
Similar levels of expenditures were reported for 
some communities in India (Snehalatha et al. 
 2003 ). In most of the coils, the active ingredients 
consist of synthetic pyrethroids. The use of plant 
materials in mosquito coils is then attracting 
greater attention. In actual practice, many people 
in low-income communities burn plant parts to 
achieve protection from biting insects. This prac-
tice serves the same purpose as a manufactured 
mosquito coil sold on the market. There have been 
numerous studies on the effi cacy of mosquito 
coils based on the active ingredients consisting of 
synthetic pyrethroids. In contrast, there are very 
few studies published on the effi cacy of mosquito 
coils containing plant materials. In one study, 
Tawatsin et al. ( 2002 ) incorporated plant materi-
als into the coil and tested them in the fi eld against 
night-biting mosquitoes. In total nine plant spe-
cies were evaluated and each plant part was 
galanga ( Alpinia galanga ) rhizomes, fi ngerroot 
( B. rotunda  or  B. pandurata ) rhizomes,  turmeric 

( C. longa ) rhizomes, cardamom ( Elettaria 
 cardamomum ) rhizomes, neem ( A. indica ) leaves, 
Siamese cassia ( Cassia siamea ) leaves, citronella 
grass ( C. nardus ) leaves, eucalyptus ( E. citrio-
dora ) leaves, and Siam weed ( Eupatorium odora-
tum ) leaves. The plant material constituted 25 % 
of the coil and a blank coil was also run along 
with the test coils. The mosquitoes caught in this 
study included 12 species belonging to 5 genera: 
 Aedes ,  Anopheles ,  Armigeres ,  Culex , and 
 Mansonia . All nine plant materials tested individ-
ually provided protection of 50–71 % in 3 h of 
testing. Citronella grass and eucalyptus leaves are 
highly potential active ingredients to be used in 
mosquito coil formulations, while Siamese cassia 
leaves, galanga rhizomes, and neem leaves also 
express fairly potentiality. According to the results 
obtained from this study, it is not recommended to 
use fi ngerroot, turmeric, cardamom, and Siam 
weed for mosquito coil formulations since their 
repellency was less than 60 %. By comparison, 
coils containing synthetic pyrethroids (0.3 % 
 D -allethrin) showed repellency of 84–86 %. It 
seems that further studies are needed to increase 
the effi cacy of plant-based mosquito coils through 
formulation technology.  

2.1.3     Oviposition Deterrent 
 The studies on oviposition deterrent activity of 
chemical compounds and insect repellents have 
been carried out against mosquito vectors, 
whereas those of plant extracts are scarce. Xue 
et al. ( 2001 ,  2003 ) reported oviposition deterrent 
effects of deet and several repellent compounds, 
such as AI3-37220, AI3-35765, AI3-54995, AI3- 
55051, etc., against  Ae. albopictus  under labora-
tory as well as fi eld conditions. Xue et al. ( 2006 ) 
also pointed out the oviposition deterrent effec-
tiveness (76–100 % repellency) against  Ae. 
albopictus  of 21 commercial insect-repellent 
products (at 0.1 % concentration), including 12 
botanical, 6 deet based, and 3 synthetic organics. 
As for the plant extracts, Mehra and Hiradhar 
( 2002 ) revealed that the crude acetone extract of 
 Cuscuta hyalina  was effective oviposition deter-
rent against  Cx. quinquefasciatus  at the concen-
tration of 80 ppm. The oviposition deterrent 
effects of 18 essential oils and the two chemical 
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repellents deet and IR3535 (at 0.01 % concentra-
tion) against  Ae. aegypti  were carried out by 
Tawatsin et al. ( 2006a ) in Thailand. All essential 
oils exhibited oviposition deterrent activity 
against the mosquitoes with various degrees of 
repellency, ranging from 16.6 to 94.7 %, whereas 
deet and IR3535 provided no repellency. 
Relatively high oviposition deterrencies were 
obtained from  C. longa  (94.7 %),  S. leucantha  
(91.6 %),  Z. offi cinale  (90.1 %),  V. trifolia  
(89.1 %),  M. cajuputi  (87.9 %),  H. coronarium  
(87.5 %),  P. guajava  (87.1 %),  M. garrettii  
(86.1 %), and  H. cordata  (85 %). Further studies 
are needed to formulate the active essential oils 
intended for treatment of water-storage contain-
ers, the most common breeding sites of  Ae. 
aegypti  in Thailand. As a matter of fact the ovipo-
sition avoidance of insecticide-treated water- 
storage containers by gravid female mosquitoes 
would reduce levels of larval populations (Moore 
 1977 ). The active essential oils that possess 
oviposition deterrent activity and probably 
include larvicidal effects against  Ae. aegypti  
would be the most interesting plant-based 
products for control of mosquitoes.  

2.1.4     Larvicides 
 There are numerous studies on larvicidal activity 
of various plant species from many countries 
around the globe against several mosquito vec-
tors, such as  Ae. aegypti ,  Ae. albopictus ,  Aedes 
togoi ,  An. arabiensis ,  An. dirus ,  Cx. pipiens pal-
lens , and  Cx. quinquefasciatus . Although it will 
not be able to list and review them all, some 
selected studies are revealed here. Batra et al. 
( 1998 ) reported that 5 % oil-water emulsion of 
neem ( A. indica ) completely inhibited emergence 
of the immature stages of  Ae. aegypti ,  An. ste-
phensi , and  Cx. quinquefasciatus  under labora-
tory conditions, when applied at the dosages 
from 0.1 to 0.4 ml/L. This study reveals the effect 
of neem oil as the interference of the hormones 
controlling metamorphosis and molting of larvae. 
The neem oil emulsion also showed up to 100 % 
reduction of larvae and pupae of  Ae. aegypti  lar-
vae in small stagnant water habitats; however, 
neem oil also exhibited adverse killing effect on 
some benefi cial predators, such as  Gambusia 

 affi nis  and  Anisops  (Batra et al.  1998 ). Moreover, 
neem products possessed not only larvicidal 
activity against mosquito larvae but also could 
have marked effects on blood feeding, fecundity, 
and survivorship of the adult mosquitoes when 
applied at the sublethal dosages (Su and Mulla 
 1999 ). Recently, Anjali et al. ( 2012 ) disclosed the 
effect of droplet size on the larvicidal activity of 
neem oil nanoemulsion. It was found that the 
neem oil nanoemulsion with the smallest droplet 
size of about 31.03 nm was more effective in con-
trolling  Cx. quinquefasciatus  larvae as compared 
with the larger droplet sizes (Anjali et al.  2012 ). 
This obviously implies that the larvicidal activity 
of essential oils against mosquito larvae could be 
increased by the reduced size and uniform 
spreading of the fi ne droplet emulsion. The nano-
emulsion technology then should be applied to 
other essential oils to improve larvicidal activity. 

 The ethanolic extracts of ten plant species 
were tested for larvicidal activity against  Cx. 
quinquefasciatus  larvae under laboratory condi-
tions in Thailand. Among these, the ethanolic 
extracts from three plants,  Kaempferia galanga , 
 Illicium verum , and  Spilanthes acmella , showed 
a high degree of larvicidal effect against the lar-
vae of  Cx. quinquefasciatus  with LC 50  of about 
50.54, 54.11, and 61.43 ppm, respectively 
(Pitasawat et al.  1998 ). In addition, the hexane 
fraction of  K. galanga  also demonstrated a high 
larvicidal activity against  Cx. quinquefasciatus  
larvae with LC 50  of 42.33 ppm (Choochote et al. 
 1999 ). Essential oils extracted from fi ve plant 
species,  A. graveolens ,  Carum carvi ,  C. zedo-
aria ,  Foeniculum vulgare , and  Z. limonella , were 
investigated for larvicidal activity against larvae 
of  Ae. aegypti  and  An. dirus  in laboratory. It was 
found that all essential oils were effective against 
 Ae. aegypti  larvae with LC 50  ranging from 24.61 
to 54.62 ppm and  An. dirus  larvae with LC 50  
ranging between 29.69 and 40.23 ppm (Pitasawat 
et al.  2007 ). In particular, the essential oil of 
 Z. limonella  was the most effective against 
 Ae. aegypti  larvae, while  C. zedoaria  oil was the 
most effective against  An. dirus  larvae. On the 
other hand, water extracts (lyophilized and crude 
extracts) of  Piper retrofractum  also showed rela-
tively high larvicidal activity against larvae of  Ae. 
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aegypti  and  Cx. quinquefasciatus  with LC 50  of 
about 6.3–79 ppm and 4.33–135 ppm, respec-
tively (Chansang et al.  2005 ). It was found that 
the extracts derived from the ripe fruits were 
more effective against the test larvae than those 
obtained from the unripe ones. However, the lar-
vicidal activities of these extracts were lost upon 
aging and temperature of the storage of the 
extracts (Chansang et al.  2005 ). This study, 
hence, reveals some weak points of biopesticides 
when applied for controlling of mosquito larvae. 

 In Brazil, essential oils distilled from nine 
species of local plants were evaluated for larvici-
dal effect against  Ae. aegypti  larvae in laboratory. 
It was revealed that two essential oils derived 
from  Ocimum gratissimum  and  O. americanum  
demonstrated high level of larvicidal activity 
with LC 50  of about 60 and 67 ppm, respectively 
(Cavalcanti et al.  2004 ). A study carried out in 
the USA revealed that some botanical-based 
mosquito repellents also have larvicidal activity 
(Zhu et al.  2008 ). In this study, four essential oils 
extracted from  C. longa ,  E. citriodora ,  Santalum 
album , and  Cinnamomum cassia  were evaluated 
for larvicidal activity against  Ae. aegypti ,  Ae. 
albopictus , and  Cx. pipiens  larvae under labora-
tory conditions, and the results showed that 
 S. album  oil (at the dosage 0.2 mg/ml) was the 
most effective oil against three species with LT 50  
of about 1.06, 1.82, and 1.55 h, respectively. 
Perumalsamy et al. ( 2009 ) disclosed that the 
essential oil extracted from  Asarum heterotropoi-
des  possessed larvicidal activity against larvae of 
 Cx. pipiens pallens ,  Ae. aegypti , and  Oc. togoi  
with LC 50  of about 21.07, 23.82, and 27.64 ppm, 
respectively. In addition, the  A. heterotropoides  
was identifi ed for chemical constituents, and it 
was found that safrole was the most toxic con-
stituent to the larvae of  Cx. p. pallens  (LC 50  
8.22 ppm) and  Ae. aegypti  (LC 50  2.6 ppm), while 
terpinolene was most effective to  Oc. togoi  larvae 
(LC 50  1.6 ppm) (Perumalsamy et al.  2009 ). 
Recently, leaves and seeds of  Tribulus terrestris  
was extracted with methanol and examined for 
larvicidal activity against  An. arabiensis  larvae in 
laboratory (El-Sheikh et al.  2012 ). The results 
showed that the methanolic seed extract provided 
over three times better larvicidal effect against 

the larvae than did the leaf extract, with LC50 of 
about 36.5 and 123.1 ppm, respectively. 

 Very recently, Rodriguez et al. ( 2013 ) revealed 
the larvicidal and cytotoxicity activities of 11 
native plants from Mexico against  Ae. aegypti  
larvae under laboratory conditions. Among those 
plants extracted, it was found that the ether 
extracts of  Ruta chalepensis  (LC 50  1.8 μg/ml),  T. 
vulgaris  (LC 50  4.45 μg/ml), and  Z. fagara  (LC 50  
75.1 μg/ml) were signifi cantly effective against 
 Ae. aegypti  larvae with low toxicity to Vero cells 
and these extracts could be developed as excel-
lent biopesticides for controlling mosquito larvae 
in the fi eld.  

2.1.5     Adulticides 
 There are a few studies of adulticidal activity of 
plant extracts against insect vectors. Singh et al. 
( 1984 ) demonstrated that essential oil extracted 
from  Cedrus deodara  provided knocking down 
50 % of adult  An. stephensi  at the concentration 
of 0.4452 %. Later on himachalol and 
ß- himachalene were identifi ed as insecticidal 
principles from  C. deodara  oil which is one of 
the cheapest plant essential oils (Singh and 
Agrawal  1988 ). In a study conducted in Thailand, 
two extracts of  Curcuma aromatica , hexane- 
extracted fraction and essential oil, were investi-
gated for adulticidal activity against female  Ae. 
aegypti  by topical application under laboratory 
conditions (Choochote et al.  2005 ). The results 
revealed that both extracts showed a promising 
adulticidal effect against the mosquitoes while 
the hexane extract of  C. aromatica  (LC 50  1.60 μg/
mg female) was slightly more effective than the 
essential oil (LC 50  2.86 μg/mg female). Later, 
Choochote et al. ( 2006 ) found that the ethanolic 
extracts of three  Piper  species,  P. longum ,  P. ribe-
soides , and  P. sarmentosum , provided better 
adulticidal effect against  Stegomyia aegypti  than 
did the extracts of  C. aromatica . The adulticidal 
activity (LD 50  values) obtained from  P. sarmen-
tosum ,  P. ribesoides , and  P. longum  were 
0.14, 0.15, and 0.26 μg/female, respectively 
(Choochote et al.  2006 ). Essential oils extracted 
from fi ve plant species,  A. graveolens ,  Carum 
carvi ,  C. zedoaria ,  P. longum , and  I. verum , were 
also evaluated for adulticidal effi cacy against 
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 Ae. aegypti  by topical application in laboratory 
(Chaiyasit et al.  2006 ). It was found that all fi ve 
essential oils exhibited adulticidal activity against 
both laboratory and natural fi eld strains of  Ae. 
aegypti  with an LC 50  ranging between 5.44 and 
8.83 μg/mg female. These promising plant 
extracts mentioned above are alternatives in 
developing mosquito adulticides as an effective 
measure used in controlling mosquito vectors. 
However, they are required formulation techno-
logy for using with ultralow volume (ULV) 
application.   

2.2     Blackfl ies 

 Blackfl ies, most species belong to the genus 
 Simulium , are medically important insects that 
transmit several diseases, including river blind-
ness in many areas, such as Africa and Central 
and South America. They are also common nui-
sance pests for humans around the world, espe-
cially in the USA where many US states have to 
have programs to suppress populations of black-
fl ies in particular places. The common strategy to 
prevent biting of blackfl ies relies mainly upon 
application of synthetic repellents on skin, mostly 
containing deet as active ingredient. However, 
some researches and use of plant-based repel-
lents against blackfl ies have been reported from 
various parts of the world. One study carried out 
in the Cote d’Ivoire (Africa) revealed that cocoa 
oil, which is usually used in some rural areas to 
prevent biting insects provided excellent repel-
lency against  Simulium damnosum  (Pitroipa et al. 
 2002 ). Later, repellents formulated from coconut 
( Cocos nucifera ), palm nut ( Elaeis guineensis ), 
and gobi ( Carapa procera ) also showed high 
repellency against  Simulium  bites in the fi eld 
tests conducted in the Cote d’Ivoire (Sylla et al. 
 2003 ). In Nigeria, Usip et al. ( 2006 ) demon-
strated that the volatile oil (essential oil) derived 
from  O. gratissimum  could reduce the biting rate 
of  S. damnosum , ranging from 79 to 90 % for at 
least 3 h after application. The repellent effi cacy 
of extracts from  O. gratissimum  against black-
fl ies was confi rmed by later study in Nigeria by 
Sam-Wobo et al. ( 2011 ). It was disclosed that the 

repellents formulated from ethanolic extracts of 
 O. gratissimum  roots and  Pistia hyptis  leaves 
were effective against  S. damnosum  with approx-
imately 78 % repellency. In Thailand, essential 
oils extracted from  B. rotunda ,  P. guajava , and 
 C. longa  and one commercial plant-based repel-
lent (containing turmeric oil 5 % and eucalyptus 
oil 4.5 %) were tested on human volunteers 
against blackfl ies ( S. nigrogilvum  99 % of the 
fl ies collected). All four plant-based repellents 
gave 100 % protection from the bites of blackfl ies 
for 9 h, protection decreasing to 93 and 90 % 
after 10 and 11 h of application of the repellents 
(Tawatsin et al.  2006b ). The extent and duration 
of  protection was the same for deet and the plant 
products. Essential oil derived from catmint, 
 Nepeta cataria , was also evaluated for repellency 
against blackfl ies. It was found that the repellents 
containing the dehydrogenated catmint oil (15 %) 
were extremely effective against blackfl ies, pri-
marily  S. decorum  with complete protection for 
7.5 h in fi eld tests in the USA (Spero et al.  2008 ). 
Very recently, a study on plant-based repellents 
was carried out against blackfl ies in India 
(Hazarika et al.  2013 ). The results showed that 
the repellents containing essential oils extracted 
from  Homalomena aromatica ,  Vitex negundo , 
and  Ageratum conizoides  provided a high degree 
of repellency against various blackfl y species 
( S. himalayense ,  S. barraudi ,  S. kupari ,  S. indi-
cum , and  S. rufi basis ) for at least 5 h. The studies 
of plant-based repellents against blackfl ies 
mentioned above point out the high-potential 
use as effective repellents to prevent biting of 
blackfl ies.  

2.3     Biting Midges 

 Biting midges are bloodsucking insects belong-
ing into many genera, such as  Culicoides , 
 Leptoconops , and  Forcipomyia . Although most 
of the biting midges cannot transmit any diseases 
to humans, they are accepted as serious nuisance 
pests deterring human life in many parts of the 
world, for example, the UK, Australia, and the 
USA. Avoiding the infested areas, wearing pro-
tective clothing and applying insect repellent on 
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skin seem to be the best strategies to protect 
humans from these biting insects (Fradin and 
Day  2002 ). A plant-based insect repellent, con-
taining  p -menthane-3,8-diol (PMD: derived from 
essential oil of lemon eucalyptus,  E. citriodora  or 
 C. citriodora ) as active ingredient, showed com-
plete repellency at least 5 h against  Culicoides 
variipennis  in laboratory testing (Trigg and Hill 
 1996 ) and for up to 7 h against  Culicoides 
impunctatus  in the fi eld trials in Scotland (UK), 
and it also demonstrated a high degree of protec-
tion of about 99.5 % between 8 and 10 h after an 
application as compared with 97 % protection 
obtained from deet (Trigg  1996b ). In another 
study conducted in California (USA), two PMD 
formulations (spray and lotion) also exhibited 
extremely high protective level against 
 Leptoconops carteri  biting midges in the fi eld 
and half of the PMD-treated volunteers received 
no bites during 6 h of continuous exposure per 
treatment (Carroll and Loye  2006a ). On the other 
hand, essential oil of neem derived from  A. indica  
was evaluated for repellent and antifeedant activ-
ity against  C. impunctatus  under laboratory con-
ditions. It was revealed that  C. impunctatus  
females were repelled by neem oil ( > 1 %) in a 
Y-tube olfactometer testing, and the proportion of 
blood feeding of the wild-caught parous females 
of  C. impunctatus  was signifi cantly reduced by 
topical application of neem oil ( > 1 %) employing 
a membrane feeder technique (Blackwell et al. 
 2004 ). Essential oils extracted from various 
Australian plants, such as  Backhousia anisata ,  B. 
citriodora ,  Callitris columellaris ,  C. glauco-
phylla ,  Eremophila mitchellii ,  Leptospermum liv-
ersidgei ,  L. petersonii ,  M. ericifolia ,  M. 
linariifolia , and  M. uncinata , were prepared in a 
simple cream base and evaluated for repellency 
under laboratory conditions, using  Ae. aegypti  as 
the screened insects (Greive et al.  2010 ). Based 
on laboratory results, essential oil from  M. erici-
folia  was then selected to be further studied for 
repellency against  Culicoides  biting midges in 
the fi eld. Interestingly, the three formulations 
(alcohol-based spray, emulsion, and gel) of repel-
lents containing essential oil of  M. ericifolia  
(5 %) as active ingredient were highly effective 
against  C. ornatus  and  C. immaculatus , and they 

also were of comparable repellency and not sig-
nifi cantly different to deet in repelling the biting 
midges (Greive et al.  2010 ).  

2.4     Housefl y and Bush Fly 

 Housefl y   ,  Musca domestica , is one of the most 
potential fl ying insects that mechanically trans-
mit various diarrheal pathogens to human foods; 
it is also an important nuisance pest of human 
leisure both outdoor and indoor, especially in the 
summer time. Most of the control strategies for 
housefl y rely mainly on synthetic chemicals 
applied as adulticides and larvicides. There have 
been very few researches on plant-based insecti-
cides or repellents against housefl y until recently. 
Singh    and Singh ( 1991 ) studied the repellent and 
insecticidal properties of 31 plant essential oils, 
and they revealed that essential oils of  O. gratis-
simum ,  T. serpyllum ,  I. verum ,  M. fragrans , and 
 C. amada  showed 100 % repellency (knock-
down) and essential oils of  A. calamus  and  T. ser-
pyllum  showed about 40 % of mortality at 2 % 
concentration in acetone as compared to mala-
thion, deet, DMP, thymol, and pyrethrum oleo-
resin containing 2 % of pyrethrin. This study 
explored the possibility of utilization of essential 
oils at sweet shops, meat shops, and in areas 
prone to housefl y menace in Asia and other 
parts of world. Maganga et al. ( 1996 ) revealed 
that pine oil containing myrcene,  p -cymene, 
γ-terpinene, and linalool as major constituents 
possessed repellent and feeding deterrent activi-
ties against  M. domestica  under laboratory condi-
tions. It was found that pine oil could repel 95 % 
of the housefl ies away from the stimulus at dis-
tance of about 6 mm and the oil at low volume of 
treatment (10 μL) could also inhibit any feeding 
by the fl ies even after 24 h after treatment. 
Recently, attempts were made to investigate 
repellent and adulticidal activities of 13 plant 
species against  M. domestica  under laboratory 
conditions (Mansour et al.  2012 ). The ethanolic 
extracts of  A. indica ,  Cichorium intybus ,  Conyza 
aegyptiaca , and  Sonchus oleraceus  showed at 
least 90 % of repellent and antifeedant activities 
against the housefl ies. It was also found that the 
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ethanolic extracts of  C. intybus ,  C. aegyptiaca , 
and  S. oleraceus  when applied in sugar bait 
exhibited equal or better insecticidal activity 
(based on LD 50  value) against  M. domestica  as 
compared with the synthetic chemical insecti-
cides, such as deltamethrin, chlorpyrifos, metho-
myl, and fl ufenoxuron (Mansour et al.  2012 ). On 
the other hand, another study was carried out to 
investigate fi eld repellency of essential oil against 
bush fl y,  Musca vetustissima , in Australia (Greive 
et al.  2010 ). Actually, bush fl y is a nonbiting 
insect but it is recognized as mechanical vector 
that transmits enteric diseases and eye infection 
(Hughes  1970 ). It was found that three formula-
tions (alcohol-based spray, emulsion, and gel) 
of repellents containing essential oil of  M. erici-
folia  (5 %) as active ingredient showed equal 
repellency against the bush fl y as the commercial 
repellent containing deet (Greive et al.  2010 ). 
These studies clearly demonstrate the potential 
use of plant extracts to be formulated as effec-
tive repellents or insecticides against housefl y 
and bush fl y.  

2.5     Cockroaches 

 Cockroaches are important urban pests around 
the globe. They are also recognized as insects 
that potentially carry and transmit many patho-
gens, such as bacteria, virus, fungi, protozoa, and 
helminths (Cochran  1982 ). Attempts have been 
made to investigate some repellents derived from 
plants that could repel cockroaches. In Malaysia, 
essential oils extracted from six plant species, 
 C. longa ,  Z. offi cinale ,  C. zeylanicum ,  S. aromati-
cum ,  C. citratus , and  Pandanus odorus , were 
evaluated for repellency against  Periplaneta 
americana  under laboratory conditions (Ahmad 
et al.  1995 ). It was found that the essential oils of 
the fi rst four species exhibited complete repel-
lency (100 %) against the cockroach at the con-
centration of about 12 ppm, while the essential 
oils of  C. citratus  and  P. odorus  provided 93 % 
and 57 % repellency, respectively. Generally,  
C. longa ,  Z. offi cinale ,  C. zeylanicum , and  S. 
aromaticum  are local plants and abundant in 
Southeast Asia; the development of cockroach 

repellent from essential oils of these plants is 
likely possible. The essential oil of catnip ( N. 
cataria ), two purifi ed isomers of nepetalactone, 
and deet were tested for repellency against adult 
male German cockroaches by Peterson et al. 
( 2002 ), and it was found that the E,Z- 
nepetalactone was signifi cantly more active than 
equivalent doses of deet, the essential oils, or 
Z,E-nepetalactone. Recently, seven plant-based 
repellents derived from essential oils of  B. 
rotunda ,  C. hystrix ,  C. longa ,  L. cubeba ,  P. 
nigrum ,  P. guajava , and  Z. offi cinale  were tested 
against the cockroaches  P. americana ,  Blatella 
germanica , and  Neostylopyga rhombifolia  in the 
laboratory in Thailand (Thavara et al.  2007 ). All 
seven products reduced cockroach populations 
drastically, and  N. rhombifolia  was less suscepti-
ble than the other two species. Among the seven 
plants, kaffi r lime ( C. hystrix ) was the most effec-
tive giving the highest repellency (87–100 %), 
higher than that of naphthalene used as a stan-
dard.  C. hystrix  essential oil was formulated as 
repellent (20 %) for fi eld tests. In three village 
tests in Phitsanulok Province (Thailand), treat-
ments reduced cockroaches by 50–70 % in 9–12 
days posttreatment. Similarly, in two areas in 
Bangkok, kaffi r lime formulation (20 %) treat-
ment caused 60–80 % reduction in cockroaches. 
This level of reduction is equivalent to that of 
some insecticidal treatments. This shows a high 
potential of  C. hystrix  essential oil to be commer-
cially formulated as effective repellent to repel 
cockroaches. The insecticidal and repellent prop-
erties of volatile constituents of essential oils 
were evaluated against the American cockroach 
( P. americana ) in laboratory (Ngoh et al.  1998 ). 
It is interesting to note that the benzene deriva-
tives (eugenol, methyl eugenol, isoeugenol, 
safrole, and isosafrole) were better toxicants and 
repellents to the cockroaches than the monoter-
penes (limonene, cineole, and  p -cymene).  

2.6     Ticks 

 Ticks are medically important arthropods that 
transmit various pathogens and cause many dis-
eases to humans and animals, such as  Borrelia 
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burgdorferi  (Lyme disease),  Francisella tularen-
sis  (tularemia), and  Coxiella burnetii  (Q fever). 
These diseases can be protected by applications 
of repellents or acaricides to prevent and control 
tick vectors. Both repellents and acaricides 
against ticks usually contain synthetic chemical 
as active ingredients, whereas those derived from 
plants are really scarce. Trigg and Hill ( 1996 ) 
demonstrated that PMD when applied at the dos-
age 0.3 μL/cm 2  could reduce signifi cantly attach-
ment and feeding of the deer tick ( Ixodes ricinus ) 
on rabbit ears in laboratory. In addition, an aver-
age of 77.5 % mortality in nymphs on the treated 
ears was also occurred as compared with 11.6 % 
on the untreated ears. This study reveals the 
repellent and acaricidal effects of PMD and the 
possibility to be used as a personal protection 
against ticks. Evaluations of plant extracts were 
carried out in Sweden to investigate repellency 
against host-seeking deer tick ( I. ricinus ). In this 
study, the essential oil extracted from  Rhodo-
dendron tomentosum  (10 % in acetone) provided 
95 % repellency against  I. ricinus , whereas the 
ethyl acetate extracts of  R. tomentosum  and 
 Artemisia absinthium  exhibited more than 70 % 
repellency against the ticks (Jaenson et al.  2005 ). 
This reveals the potential use of essential oils or 
extracts from  R. tomentosum  and  A. absinthium  
as plant-based tick repellents. As for the botani-
cal acaricide, it is interesting to note that one 
commercial product, Eco-Exempt IC2 (IC2), 
containing essential oils from rosemary (10 %) 
and peppermint (2 %) as active ingredients dem-
onstrated excellent acaricidal activities against 
 I. scapularis  in fi eld trials carried out in oak-pine 
forest in southern Maine, USA (Elias et al.  2013 ). 
It was found that IC2 was effective as bifenthrin 
(a synthetic pyrethroid served as positive refer-
ence) in controlling nymphs through the rest of 
nymphal season and reducing larvae through 14 
months post-spray. In addition, IC2 could control 
adult ticks for 6 months post-spray during the 
fall adult season as compared with 12 months 
for bifenthrin. No long-term impacts on some 
nontarget arthropods, such as Coleoptera, 
Hymenoptera, and Collembola, were observed in 
the areas treated with IC2 as all numbers 
rebounded by 20 days post-spray. However, IC2 

was phytotoxic to the leafy portions of some 
plants but they could recover by the next growing 
season. This is an effective plant-based acaricide, 
which is commercially available in the market now.  

2.7     Chiggers 

 Chiggers are larval stage of trombiculid mites 
which is the only parasitic stage of the mite’s life 
cycle. They feed on various hosts, such as 
mammals, birds, reptiles, amphibians, and 
humans (accidental hosts). Several species of 
 Leptotrombidium  chiggers are vectors of scrub 
typhus, an important disease caused by rickettsia, 
in many areas of Asia. In Thailand, essential oils 
derived from 13 plant species were evaluated for 
repellency against chiggers of  Leptotrombidium 
imphalum  under laboratory conditions 
(Eamsobhana et al.  2009 ). Among these, only 
four essential oils from  S. aromaticum  (5 % in 
ethanol),  M. alternifolia  (40 % in ethanol),  E. 
globulus  (undiluted oil), and  Z. cassumunar  
(undiluted oil) demonstrated an excellent result 
(100 % repellency) against  L. imphalum  chig-
gers. Therefore, the essential oil from  S. aromati-
cum  could be commercially formulated as an 
effective repellent against chiggers at the low 
concentration, and it could be an alternative 
repellent to prevent scrub typhus elsewhere.  

2.8     Land Leeches 

 Land leeches are severe pests of man and animals 
in national parks, wilderness, and wetlands. They 
could be quite a deterrent to outdoor activity and 
enjoyment of wilderness and open spaces. In 
Malaysia, Kirton ( 2005 ) revealed that a commer-
cial spray containing 40 % (w/w) Citriodiol, an 
extract of the leaves of  C. citriodora  (or  E. citrio-
dora ) and primarily consists of PMD, showed 
excellent repellency against land leeches, mostly 
 Haemadipsa sylvestris , when applied on the 
footwear and trouser legs (tucked into socks). 
Later, three plant-based repellents derived from 
essential oil of  B. rotunda  (10 %),  P. guajava  
(10 %), and  C. longa  (10 %) and one commercial 
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repellent (containing turmeric oil 5 % and euca-
lyptus oil 4.5 %) as mentioned previously by 
Tawatsin et al. ( 2006b ) and deet (10 %) were 
tested on human volunteers against land leeches 
in national park in Thailand. The volunteers 
walked for 10 min along the trail in each hour 
interval through the walking trail and collected 
attached land leeches on both legs (one treated 
with repellent and the other untreated as control). 
The leeches were in the genus  Haemadipsa . All 
four plant-based repellents and deet provided 
100 % protection from leeches for 8 h. It was also 
found that the leeches in contact with repellent-
treated surfaces shrined and died within minutes. 
Not only were the products repellent to leeches 
but also highly toxic to them. The leeches were 
highly sensitive to plant-based repellents, and 
these can be used as sprays for clearing leech 
infestations in trails and wilderness areas. 
Recently, water extracts obtained from three 
plant species ( Sapindus rarak ,  Vernonia elaeag-
nifolia , and  Catunaregam spathulifolia ) were 
applied on cotton stockings and tested for repel-
lency against terrestrial bloodsucking leeches in 
Lao PDR (Vongsombath et al.  2011 ). It was 
found that  S. rarak  demonstrated a high level of 
repellency (82.6 %), while  V. elaeagnifolia  
(63 %) and  C. spathulifolia  (62.6 %) provided 
moderate repellency.  Haemadipsa trimaculosa 
and H. sylvestris  were the predominant species of 
leeches found in this study. More studies are 
needed on prevention and control of land leeches.   

3     Conclusion 

 It can be concluded that plant biopesticides have 
a multiple mode of actions against bloodsucking 
insects and arthropods. They can be used for 
repelling and control of larval and adult vectors, 
mostly mosquitoes. The essential oils extracted 
from plants offer a rich source of products that 
can be used in preparations to repel and protect 
humans form biting insects and arthropods. They 
can be employed in lotions and aerosols properly 
formulated for personal protection. The repel-
lents derived from essential oils and other extracts 

of various plant species have demonstrated excel-
lent repellency against mosquitoes, blackfl ies, 
biting midges, ticks, chiggers, land leeches, 
housefl ies, and cockroaches. This is one of the 
best eco-friendly strategies to prevent diseases 
transmitted by insects and other arthropods when 
the protective vaccines have not yet been avail-
able for particular diseases. Evidently, PMD 
derived from the lemon eucalyptus ( E. citrio-
dora ) seems to be the most promising active 
ingredient to be formulated and used as effective 
repellents against various hematophagous insects 
and arthropods, and it has been already commer-
cialized in the market. On the other hand, celery 
( A. graveolens ) and neem ( A. indica ) extracts 
also provide various kinds of bioactivities, such 
as repellent, larvicide, and adulticide, against 
many species of vector mosquitoes. The extracts 
obtained from these two plants could be devel-
oped and formulated as commercial repellents or 
other forms of biopesticides against mosquito 
vectors. However, further research is needed to 
identify and develop more potential active prin-
ciples and formulations.     
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Abstract

Honeybee mite species have been recorded to hamper the honey produc-

tion in colonies and adversely affect the normal foraging potential of hon-

eybees that helps in cross-pollination of most of the arable flowering plant 

species the world over. Among various honeybee mite species, the most 

common are parasitic and tracheal mites whose outbreak has been found 

to destroy honeybee colony even to the extent of 100 % in different conti-

nents. Due to  residue problem, development of resistance, and adverse 

effects on non-target organism of synthetic acaricides, efforts have been 

made after the 1980s to investigate various botanicals and phytochemicals 

as natural products for managing mostly Varroa jacobsoni Oud., Varroa 
destructor, and Acarapis woodi (Rennie) in both laboratory and field 

 conditions in colonies of Apis mellifera L. The most studied phytochemi-

cals, thymol and menthol, have been screened extensively for their 

 bioactivity in managing honeybee mites, which are synthesized by various 

plant floras especially from genera Thymus and Mentha, respectively. 

However, other botanicals and phytochemicals have also shown promising 

results in managing the mite pests in honeybee colonies, and various com-

mercial products have also been developed based on thymol alone or 

blended with other natural products. Apart from evaluation of edible plant 

products, the biologically active plant species, namely, medicinal and 

 aromatic plants which synthesize high content of biologically active phy-

tochemicals, may be evaluated to develop novel and safe acaricides in the 

future to manage different species of mite pests in honeybee colonies.
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1  Introduction

The mite pests adversely influence the honey pro-

ductivity in beekeeping colonies globally. So far, 

258 species of arthropods have been recorded asso-

ciated with beehives of which 160 species of mites 

have been recorded in honeybee nests. Among sev-

eral species of mites, Acarapis woodi (Rennie), A. 
externus Morgenthaler, A. dorsalis Morgenthaler, 

Pyemotes ventricosus (Newp.), Varroa jacobsoni 
Oud., and Tropilaelaps clareae Delfinado and 

mites are found to hamper the production of honey, 

namely, parasitic and nonparasitic mites that attack 

honeybees (Grobov 1979; Mladan et al. 1986; 

Qamar 2000).

The Varroa mite, V. jacobsoni, is the most seri-

ous ectoparasitic pest affecting honeybees, Apis 
mellifera L., worldwide (Elzen et al. 2001a, b). The 

hive of the honeybee is a suitable habitat for diverse 

mites (Acari), including nonparasitic, omnivorous, 

pollen-feeding species and parasites. The biology 

and damage of the three main pest species A. 
woodi, V. jacobsoni, and T. clareae have been 

reviewed along with detection and control meth-

ods in past literature (Sammataro et al. 2000

utilization of botanicals and their phytochemicals 

to control mite pests in honeybee colonies causing 

reduction in honey production review is limited.

The parasitic mites V. jacobsoni, V. destructor 

and the tracheal mite A. woodi are widely  

distributed, and they attack the most industrious 

honeybee colonies of Apis mellifera worldwide. 

The Varroa mite alone is reported to destroy 100 % 

A. mellifera
1990). However, Calderone and his co-workers 

(1997) have estimated about 30–90 % of colony 

losses. Several synthetic acaricides developed on 

the basis of petrochemical derivatives – namely, 

amitraz, cymiazole, fluvalinate, flumethrin,  

clofentezine, chlorobenzilate, and coumaphos – 

have been evaluated but only few of them have been 

found effective to control the honeybee mite species 

(Ferrer-Dufol et al. 1991). Milani (1995) reported 

that Varroa mite has developed resistance to fluval-

-

asitic mite through acaricide, the synthetic acaricides 

may contaminate the honey and wax products with 

1995; Wallner 1995). 

Synthetic acaricides may also leave residue in hon-

eybee products, quickly develop resistance in mite 

pests, and destroy other life-forms in honeybee 

colonies.

Natural products derived from various plant spe-

cies to manage the mite pests could be a better bio-

resource tool because they are eco-friendly, have 

little chances of developing resistance in mite pests, 

have the least residue problem as compared to syn-

thetic acaricides, and are least hazardous to other 

life-forms of honeybees in colonies. Under the sur-

vey of scientific literature in the area of botanicals 

and phytochemicals to manage honeybee mite spe-

cies, it has been observed that plant products con-

taining  secondary metabolites might be a potential 

tool to develop novel and safe acaricide for manag-

2000).

2  Parasitic Mite Management

2.1  Varroa jacobsoni

Among other parasitic mites, V. jacobsoni is 

found to damage A. mellifera colonies, some-

times to the tune of 100 %. Vegetable oils and 

plant products containing secondary metabolites 

have been reported to manage the parasitic mite 

pests during beekeeping. Since A. mellifera is 

one of the most industrious species of bees for 

honey production, bioactive materials from 

botanicals have been evaluated to manage the 

parasitic mite in honeybee colonies.

Thymol is found in various plant products and 

vegetative oils which have been found to be one of 

D. Singh



273

the potential plant molecules to control the para-

sitic mite as compared to amitraz – a  synthetic 

1984). Thymol 

tested as mite fumigant against V. jacobsoni in the 

 colony of A. mellifera showed 81 % mortality 

(Lodesani et al. 1990). However, thymol powder 

used at the rate of 0.5 g/ hive killed 97 % of Varroa 

mite (Chiesa 1991). The application of  thymol on 

top of the hive showed significant reduction in 

controlling the incidence of Varroa mites 

(Calderone and Spivak 1995). Mladan and co-

workers (1986) have also suggested the use of  

thymol for higher activity against Varroa mite. 

Aerosol prepared based on thymol (5–15 g/l air), 

camphor (50–150 ug/l of air), and menthol (20–

60 g/l of air) gave complete mortality of the para-

sitic mite (Imdorf et al. 1995). Thymol blended 

with the oils of Chenopodium and fir showed the 

highest bioactivity against Varroa mite. When thy-

mol powder (1–6 g/hive) was applied in honeybee 

colonies, 92.6 % mortality was recorded (Higes 

and Llorente 1997). Among thymol with cineol, 

citronellal, or linalool mixed in ratio of 1:1 (w/w), 

thymol and cineol showed 56.4 % of mite mortal-

ity in the honeybee colonies (Calderone et al. 

1997). The spray prepared from menthol 3.7–4 % 

showed miticidal effect against Varroa mite in 

colonies of A. mellifera (Steen 1992). A formu-

lated product “APILIFE” containing 74 % thy-

mol, 16 % eucalyptus oil, and 3 % each of 

camphor and menthol controlled 75 % of Varroa 

mite when hive plates were impregnated (Gregorc 

and Jeleng 1996). Treatment with  thymol (n = 24) 

resulted in an average mite  mortality of 

75.4 ± 5.79 %, significantly less than that attained 

with Apistan (tau-fluvalinate) or  formic acid. The 

addition of essential oils did not affect treatment 

efficacy of either formic acid or thymol (Calderone 

2000).

The essential oil obtained from Heterotheca 
latifolia showed potential acaricidal activity 

against V. jacobsoni in the laboratory. Even high 

concentration (5 % H. latifolia) in  distilled water 

and emulsifier did not show bee toxicity 

(Ruffinengo et al. 2002). Celery extracts and 

 

concentrations, and the mixtures were applied to 

parasitized bees with V. jacobsoni; the fresh 

 

V. jacobsoni
was found effective and safe to honeybees in  

laboratory studies (Yan et al. 2006).

2.2  Varroa destructor

Essential oils obtained from plant species have 

mite pests in honeybee colony (Ellis 2001; 

Umpierrez et al. 2011). Plant essential oils of the 

family Labiatae have shown promising results in 

controlling the parasitic mite in honeybee colo-

nies (Colin 1990). Linalool is found in several 

aromatic plant species. Linalool (1 %) mixed with 

sugar syrup demonstrated total control of the 

Varroa mite (Prigli et al. 1991). The powder of 

Tussilago farfara at 2–4 g/hive caused a knock-

down effect on the parasitic varroa mite (Palmeri 

1995). The menthol obtained from essential oil of 

plant species of the family Labiatae and applied to 

control the parasitic mite was found to be effec-

tive against Varroa mite at 30–32 °C than control-

ling the tracheal mite at 25 °C. However, the 

application of menthol at 20 °C temperature was 

not effective (Hoopingarner and Zabik 1992).

Thymol and thymol blended with other essen-

tial oils or essential oil components offer a prom-

ising exception. During controlling V. destructor 

in honeybee colonies, residues of thymol found 

in honey collected from the beehives ranged from 

0.021 to 0.288 for thymol in dust, from 0.119 to 

0.311 for thymol solution in sugar syrup, and 

from 0.041 to 0.277 mg Kg−1 for thymol solution 

in alcohol (Emsen and Dodologlu 2009). These 

formulations controlled V. destructor mites to the 

tune of 90 %, and their residues in honey were 

found low even after long-term  treatments (Hu 

et al. 2005). Studies have shown that relying solely 

on a single treatment with essential oil compo-

nents is not sufficient generally to maintain mite 

(Imdorf et al. 1999). A thymol-based miticide – 

Apiguard – was found effective in controlling the 

Varroa and tracheal mites in field  studies. Honey 

collected from control colonies had no detectable 

levels of thymol (Mattila and Otis 1999). Similarly, 

other thymol- based biomiticides, namely, 

Thymovar® ®, controlled  significantly 
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the V. destructor to 96.91 and 88.66 %, respec-

tively, and these biopesticides did not pose mortal-

ity of the queen, brood, and adult honeybee A. 
mellifera (Akyol and Yeninar 2008). Commercial 

formulations, namely, APIGUARD containing 

thymol and Api Life containing thymol, eucalyp-

tol, menthol, and camphor based on natural prod-

ucts, have been utilized to control the varroa (V. 
destructor) in Friuli-Venezia Giulia in Italy in the 

year 2005 (Greatti 2005).

The attractive-repellent test against the V. 
destructor mite and honeybee revealed that ethano-

lic botanical extract of Baccharis flabellate stimu-

lated the olfactory stimulus of mites and was found 

to be a repellent (Damiani et al. 2011). Among 

leaves and stem extract of Swietenia mahogany and 

S. macrophylla tested against Varroa mite in hon-

eybee colony, S. mahogany bark and S. macro-
phylla leaves gave 100 and 95 % reduction after 

48 h of treatment in mite when applied at 500 ppm 

concentration (EI Zalabani et al. 2012).

The topical application of formic acid and mar-

Varroa  species. 

Honeybee mites were found to be controlled by 

the application of a  formulation blended with sul-

1996). Natural oil extracted from Eucalyptus 
camaldulensis killed 83 % of the total fallen mites 

in honeybee colonies (Rezk and Gadelhak 1997). 

The smoke extracts prepared based on a volatile 

compound of 2,6-dimethoxyphenol showed sig-

nificant contact activity in causing Varroa to dis-

lodge from adult honeybees (Elzen et al. 2001a, b).

Among botanical oils neem, thymol, and 

canola examined for control of parasitic mites in 

oil spray (5 % solution) killed 90 ± 6 % of varroa 

mites. Colonies treated with the thymol oil spray 

had a significantly lower tracheal mite infestation 

(1.3 ± 7.5 %) at the end of the treatment period 

than the untreated group (23.3 ± 6.0 %). However, 

neem and thymol oil spray treatments were found 

detrimental to bees too (Whittington et al. 2000). 

Peng and co-workers (2000) found that feeding 

host larvae of honeybees with azadirachtin 

derived from Azadirachta indica significantly 

reduced the fecundity of mother varroa mites 

(P < 0.001). However, azadirachtin is an already 

known plant-based insecticide on which detailed 

studies are needed to further evaluate its effica-

cies against mites and its safety to honeybee’s 

adult workers, queens, and drones. Plant 

extracts – neem oil, mixture (neem oil, garlic oil, 

and tobacco oil), and tobacco oil – have shown 

encouraging results in managing V. destructor 

(Qayyoum et al. 2013). Melathopoulos and co-

workers (2000a, b) have reported that neem oil 

applied topically to infested bees in the labora-

tory proved highly effective against both Varroa 

and Acarapis species. However, honeybees were 

also found deterred from feeding on sucrose 

syrup containing >0.01 mg/ml of neem-aza, and 

bee mortality was found less than 10 % in 48 h 

after treatment in the laboratory.

Plant essential oils are attractive chemicals for 

the control of Varroa mites on honeybees because 

they are perceived as “natural” compounds that 

will not contaminate hive products. Laboratory 

experiments revealed that mites were killed by 

origanum, a thymol mixture, clove, bay, and tea 

tree (Melaleuca). Origanum, the thymol mixture, 

cineole (eucalyptol), and the commercial product 

1998). As another potential ecological tool, super-

fine-ground, plain white sugar dusting on infested 

honeybee was found effective to control varroasis 

(Fakhimzadeh 2000, 2001). The grapefruit leaf-

burning residue containing phenolic 3-methyl-

phenol was most active in causing Varroa to 

detach from bees in the laboratory indirect and 

direct exposure bioassays (Elzen et al. 2001a, b).

With a view to replace the synthetic chemicals 

in controlling the Varroa mite in A. mellifera, a 

mixture containing dosages of thymol (15 g), 

menthol (1 g), eucalyptus oil (3 ml), and citro-

nella oil (1 ml) gave efficacy of 89.71–90.20 % in 

2004). The 

experimental data showed superiority of the 

mixture of thymol obtained from Thymus vulgaris, 

and the extract of Artemisia cina caused an obvi-

ous reduction in the rate of mite infestation either 

in sealed brood cells or on adult bees (Elbassiouny 

et al. 2006). A 10 ml pyrethrum extract contain-

ing 4 % pyrethrin and 16 % piperonyl butoxide 

as a synergist sprayed in the hive resulted in a 

95 % kill of Varroa mites. However, it is  suggested 
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that residual analysis of pyrethrin should be a pre-

requisite before its recommendation for commer-

1987).

3  Tracheal Mite Management

The tracheal mite, A. woodi
honeybee mite pests, which also cause serious 

threat to honeybee colony. Different isomers of 

natural and synthetic menthol have been used to 

control the tracheal mite (Wilson et al. 1989). 

Menthol obtained from plant species of the family 

Labiatae has been found to control the  tracheal 

mite A. woodi. Application of menthol as a solid 

cake reduced the population of A. woodi from 

25.3 to 1.6 % during a 12-month period. Another 

experimental result revealed that the use of 50 g 

pack of solid menthol placed on the  bottom board 

of the hive resulted in 82 %  reduction in A. woodi 
population (Cox et al. 1988; Morrison 1988; 

Moffett et al. 1989). Menthol with vegetable oil 

also decreased the population of A. woodi 
(Delaplane 1992). When 30–60 g menthol was 

placed on foam strips, mite population was found 

reduced but brood mortality and high concentra-

tion of residues in honey were recorded (Morrison 

1988; Nelson et al. 1993).

Oils of clove, eucalyptus, peppermint, and mar-

the population of A. woodi in 15 days (Abu-Zaid 

et al. 1990). Tracheal mites were found to be 

deterred after application of 60 g/hive of Artemisia 

powder (Abu-Zaid and Salem 1991). One parts of 

the groundnut, sunflower, soybean and canola 

(rapeseed) oil with two parts of sugar (w/w) 

reduced the mite prevalence (Calderone and 

Shimanuki 1995). The population of tracheal mites 

was found reduced by application of oil patties and 

sugar with or without antibiotic (Terramycin) in 

honeybee hives (Sammataro et al. 1994). Liu 

(1995) have reported that neem-based pesticide – 

MORGOSAN 03 ml/l containing 3,000 ppm aza-

dirachtin – controlled the adult tracheal mites and 

also acted as ovicidal to mite eggs. The treated 

colony with neem-based pesticide was also found 

to have collected more pollen grains as well as 

higher production of honey. Citronellal and clove 

oil were recorded to decrease the population of A. 
woodi 78.2 and 63.4 %, respectively. The bee 

 mortality was also found to be lower after applica-

tion of these plant products (Calderone et al. 1991).

Most of the earlier researchers have given 

focus to manage the parasitic mite Varroa jacob-
soni and the tracheal mite Acarapis woodi and 

recently against Varroa destructor through the 

use of secondary metabolites obtained from 

plant  species with special reference to thymol 

and  menthol. Most efforts were taken to manage 

the Varroa mites during the 1980s–1990s. No 

attention was made to discover plant products/

secondary metabolites as tools of honeybees 

before 1980. It is also concluded that only few 

plant  species and plant oil/molecules have been 

investigated to manage the honeybee mite. 

Evidently, the use of synthetic acaricides may 

pose a great threat to the brood and other hive 

products because of the development of resis-

tance in mites and contamination of honey and 

bee waxes. Therefore, the use of essential oils 

investigate more potential bioresource as plant 

acaricide to use against the honeybee mites. 

Since most of the secondary metabolites from 

plant species have shown potential activity 

against honeybee mite management, the medici-

nal and aromatic plant species which are known 

for synthesizing high amount of biologically 

active secondary metabolites might be screened in 

the future to investigate more potential and safe 

botanical acaricides. However, the edible plant 

materials such as wheat flour may also be useful 

for mite management (Logilo and Pinessi 1991). 

management with special reference to utilization 

of plant secondary metabolites and focus on api-

culture strategies have already been available 

elsewhere (Singh et al. 2001; Singh 2007). The 

methods of application of botanicals and their 

natural products against mites in honeybee colony; 

their adverse effects on the brood, collection of 

pollen quality/quantity, and honey  productivity; 

and residue and resistance problem in honeybee 

mite management are intriguing factors in dis-

covering new tools for the management of hon-

eybee mite pests in honeybee colonies.
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    Abstract  

  The increasing worldwide population and demand for higher food stocks 
require application of modern techniques for manifold agricultural 
 production as well as minimizing losses during cultivation of crops, trans-
portation, and storage. Various methods have been involved and used to 
combat insect pests since ancient period. During the nineteenth century, 
inorganic, botanical, and natural pesticides have been mostly exploited 
resulting in reduced losses in agricultural yield. Synthesis of new chemicals 
based on discovery of new structure elucidation and biological activities of 
various compounds have been invented globally. Further, the severe 
adverse effects of the chemical pesticides on the environment mainly due 
to development of resistance, residue problem, and harmful effect on 
benefi cial arthropods have been recorded in the past that led to unrest 
among public which resulted quick actions for stricter regulations and 
legislation for reducing their wider use. Since the resistance problem in 
pests have been rapidly found in mostly all the classes of arthropods, the 
advance approach to increase the effi ciency of pesticides is now known to 
be the application of nanotechnologies in modern formulation technolo-
gies. In this chapter we have discussed in detail about the possibility of 
application of nanotechnology in improving the bioactivities of plant 
biopesticides against pests of agriculture and storage.  
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1         Introduction 

 Insect pests, diseases, and weeds cause consider-
able damage to potential agricultural production 
worldwide. Insects fed on crop plants, forest 
trees, medicinal plants, weeds, etc. They also 
feed food and other stored products causing 
huge amount of loss and also deterioration of 
food quality. In the context of crop protection, 
conventionally synthetic pesticides of different 
class have been used widely beyond geogra-
phical boundaries globally. The World Health 
Organization (WHO) has already estimated the 
human death to be about 20,000 people by pesti-
cide poisoning in the Third World annually. 
Synthetic pesticides developed on the basis of 
petrochemical derivatives are reported to be 
accumulating in soil and groundwater where they 
have been threatening the health of the entire eco-
systems. Pest outbreak, insect resistance against 
pesticides, pest resurgence, health hazards to 
human beings, as well as domestic and wild 
animals are considered as important adverse 
impacts of pesticides (Casida and Quistad  2000 ). 

 Nanotechnology is a new emerging area that 
deals with materials having the size of 10 −9  or one 
million part of meter. Both button-up and top-up 
approaches have been followed using physical 
and chemical methods. There are     enormous 
side effects put forth by many scientists. Many 
industrial people have been utilizing these parti-
cles in a useful manner. Similarly, agriculturists 
have been utilizing this technology for  excellent 
plant-growth stimulation (Misra et al.  2013 ), 
genetic improvement of crops, plant  disease 
diagnosis, postharvest management and food 
biotechnology (Prasann  2007 ; Mousavi and 
Rezaei  2011 ), disease and stress resistance 
(   Brecht et al.  2003 ), plant disease control 
(   Hae- Jun et al.  2006 ), and delivery of DNA and 
chemicals into the plant (Wang et al.  2002 ). The 
tomato seedlings growing in  carbon nanotubes 
(CNT) showed enhanced growth due to enhanced 
water uptake which caused by penetration of 
CNT as vehicle to deliver desired molecules 
either nutrient or biocides into the seeds during 
germination. The role of  nanotechnology in 

general (Rai and Ingle  2012 ; Margulis-Goshen 
and Magdassi  2013 ) – solid and liquid formula-
tions of nanoparticles (Goswami et al.  2010 ), 
novaluron nanoparticles (Elek et al.  2010 ), pesti-
cide delivery by nanosuspensions (Chin et al. 
 2011 ), and fungi-based nanomaterials (Kashyap 
et al.  2013 ) in particular – was proposed by 
many scientists for agriculture pest management. 
Further, scientifi c publication and patent right 
related to the perspectives of nanotechnology 
in plant production and protection have been 
highlighted (Goodsell  2004 ; Sinha et al.  2009 ; 
Gogos et al.  2012 ). 

 As an alternative, botanicals have been rec-
ommended for crop production and protection. 
Further, botanicals have certain advantages and 
certainly having demerits. However, botanical 
insecticides are not widely used in conventional 
crop production but organic crop producers 
in industrialized countries recognize them. 
Botanical pesticides are extracted from stems, 
seeds, roots, leaves, and fl ower heads of differ-
ent plant species. Flowers of pyrethrum are used 
to extract pyrethrin ( Tanacetum cinerariifolium  
Trev. Schultz Bip.), a botanical insecticide with 
a long history of safe and effective use in pest 
management. The bioactive substance of pyre-
thrin is a mixture of six active components 
(pyrethrins I and II, cinerins I and II, and jasmo-
lins I and II) (Grdiša et al.  2013 ). The insecti-
cidal potential of pyrethrin was recognized 
decades ago, and dried and ground fl owers have 
traditionally been used worldwide for agricul-
tural pests (Casida.  1980 ; Dubey et al.  2010 ; 
Prota et al.  2013 ), storage (Campos and Phillips 
 2013 ), and household pest management (Lu 
et al.  2013 ). 

 Indian lilac or neem tree or margosa tree 
( Azadirachta indica  A. Juss,  Melia azadirachta  
L., or  Antelaea azadirachta  L.) (Meliaceae) or 
neem ( Azadirachta indica  A. Juss. =  Melia 
azadirachta  L.) a most common tree in India. 
Partially or complete inhibition of fecundity 
(Sahayaraj  1998 ; Ghazawi et al.  2007 ; Silva et al. 
 2013 ) by neem and/or sometimes egg hatchability 
(Khan et al.  2007 ), reduction of the life span 
(Dutta et al.  2013 ), oviposition repellence against 
females (Barati et al.  2013 ), direct ovicidal 
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effects, antifeedant effects against young ones 
and adults (Ikeura et al.  2014 ), formation of 
permanent larvae (Andrade-Coelho et al.  2009 ), 
insect growth regulator effects at molting between 
one stage to another (Viñuela et al.  2001 ) and 
especially in the prepupal stage and analogous 
lesions during the emergence of adults 
(Schmutterer et al.  1988 ) and act as pesticide. 

 Rotenone ( Lonchocarpus utilis  A. C. Sm.) 
has been shown to be an effective control agent 
of many pest species, including orthopterans 
(Sandoval-Mojica et al.  2011 ), coleopterans 
(Sandoval-Mojica et al.  2011 ), aphids (Fei Yi 
et al.  2012 ), mites (Satta et al.  2008 ), and 
moths (Wang et al.  2007 ). Quassia ( Quassia 
amara  L.) (Psota et al.  2010 ), sabadilla 
( Schoenocaulon offi cinale  Schltdl. & Cham.), 
and ryania (R yania speciosa  Vahl.) (Regnault-
Roger  2012 ) have been utilized worldwide as 
botanicals for pest management. Recently 
development of technical research capabilities, 
particularly relating to the botanical-based 
nanoparticles have not been used so far 
in the pest management program. Hence, 
this review is focused on plant biopesticide 
strategies available for the management of 
insect pests and role of nanomaterials and 
nanotechnology as modern approaches for 
the management of insect pests in agriculture.  

2     Nanotechnology 

 Nanotechnology employs nanoparticles (NPs) 
having a dimension of 100 nm or less or 10 and 
1,000 nm. Metallic nanoparticles are mostly 
prepared from noble metals such as gold, 
silver, and platinum. Metal oxidase mate rials 
(TiO2, ZnO, AgO, and MgO), ceramics, sili-
cates, magnetic materials, semiconductor 
quantum dots (QDs), lipids, polymers, dendrites, 
and emulsions have been used to make NPs. 
Nanomaterials are of both organic and inorganic 
origin.    They are synthesized by physical, chem-
ical, and biological methods. Nanopesticides, 
nanomicrobicides, and nanobiopesticides are 
being used effi ciency in agriculture (Owolade 
et al.  2008 ). 

 The fi eld of nanotechnology is one of the most 
active areas of research in modern material sci-
ences. Nanotechnology is a fi eld that is develop-
ing day by day, making an impact in all spheres 
of human life and creating a growing sense of 
excitement in the life sciences especially bio-
medical devices and biotechnology (De Villiers 
and Hoisington  2011 ). The use of nanoparticles is 
gaining impetus in the present century as they 
posses defi ned chemical, optical, and mechanical 
properties. 

2.1     Application 
of Nanotechnology 

 Nanotechnology is exploited for many appli-
cations in the chemical, agricultural, medical, 
biological, and cosmetics industries and many 
more. However, the use of (nanoparticles) nano-
technology in agriculture is still in its infancy 
stage. In the beginning, mesoporous silica 
nanoparticles (MSNs) for biocide (imidacloprid) 
(Popat et al.  2012 ), porous hollow silica 
nanoparticles (PHSNs) for water-soluble pesti-
cide validamycin (Liu et al.  2006 ). Insecticidal 
effect of nanostructured alumina was evacuated 
against two major insect pests in stored food such 
as  Sitophilus oryzae  L. and  Rhyzopertha dominica  
(F.). Results reveal that nanostructured alumina 
caused signifi cant mortality after 3 days of con-
tinuous exposure to treated wheat. Further, 9 days 
after treatment, the LD 50  ranged from 127 to 
235 mg kg −1  (Stadler et al  2010 ). At 15–30 nm size 
range, the diatomaceous earth (DE) was used to 
design amorphous nanosized hydrophilic, hydro-
phobic, and lipophilic silica (silica nanoparticle – 
SNP), and its entomotoxicity was tested against 
rice weevil  Sitophilus oryzae.  Results showed SNP 
was found to be highly effective against  Sitophilus 
oryzae  causing >90 % mortality, indicating the 
effectiveness of SNP to control stored-product 
insect pests (Debnath et al.  2011 ). Nanosilica 
which prepared from silica has been used as 
nano- pesticide. The exoskeleton of insects is com-
posed of lipid which is used as a water barrier to 
protect the insects and thereby prevent death 
from desiccation. But nanosilica of 3–5 nm gets 
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absorbed into the exoskeleton (cuticle) lipids by 
physisorption and thereby causes death of insects 
Barik et al. ( 2008 ). 

 Synthetic pesticides released    using nanoparti-
cles effi ciently in order to increase their effi ciency, 
better uniformity of coverage for highly active 
compounds and less exposure to workers, relative 
to compounds solubilized in organic solvents. 
For instance, polymeric stabilizers bifenthrin 
nanoparticles have been proposed for the slow 
release of bifenthrin nanoparticles (Liu et al. 
 2008 ) and increase pesticide loading from 50 to 
91 %. Previously, Liu et al. ( 2006 ) also released 
validamycin, another pesticide using porous 
hollow silica nanoparticles (PHSNs). 

 Other materials have also been proposed in 
insect pest management (Joseph and Morrison 
 2006 ; Scott  2007 ; Scrinis and Lyons  2007 ; 
Bhattacharyya  2009 ; Bhattacharyya et al 
 2010 ; Harper  2010 ) as well as plant protection 
(Ghormade et al.  2011 ). Nanosilica may be 
useful against stored grain, household pests, ani-
mal parasites, fungal organisms, worms, etc. 
(Ghormade et al.  2011 ). Further, many studies 
confi rmed that metal nanoparticles are effective 
against plants pathogens, insects, and pests. 
Ghormade et al. ( 2011 ) proposed the following 
potential applications of nanotechnology in 
 agriculture: delivery of nanocides–pesticides 
encapsulated in nanomaterials for controlled 
release; stabilization of biopesticides with nano-
materials; slow release of nanomaterial-assisted 
fertilizers, biofertilizers, and micronutrients for 
effi cient use; and fi eld applications of agrochemi-
cals and nanomaterial-assisted delivery of genetic 
material for crop improvement.  

2.2     Nanoencapsulation 
and Feasible Method 
of Nanotechnology 

 Encapsulation is a prime technique that has been 
followed by people for pesticide release. 
Nanoencapsulation is a process through which a 
chemical such as an insecticide is slowly but 
effi ciently released to a particular host plant 
for insect pest control. Nanoencapsulation with 
nanoparticles in the form of pesticides allows for 

proper absorption of the chemical into the plants 
unlike the case of larger particles (Scrinis and 
Lyons  2007 ). Initially Allan et al. ( 1971 ) tried to 
release an insecticide through a polymeric 
encapsulation, but they have not succeeded in 
their efforts. Later, oil-in-water nanoemulsions 
for pesticide formulations and release (Wang 
et al.  2007 ) has been proposed. But, botanicals or 
their bioactive principles or plant oil has been uti-
lized in nanoencapsulation techniques for pest 
management program. For example, to release 
 Moringa oleifera  (synonym:  Moringa pterygo-
sperma ) Lamm. (Moringaceae) extract has 
released utilized cashew gum as surfactant (Paula 
et al.  2012 ). Previously, Mugisha-Kamatenesi 
et al. ( 2008 ) recorded insecticidal activity of 
 M. oleifera  leaf against many pests including 
banana weevil, bean fl y, cereal stem borers, pod 
feeders, grain moth, rodents, moths, termites, 
birds, aphids, and cutworms at Uganda. But not 
much work has been undertaken. The proposed 
study has opened an avenue for the utilization of 
 M. oleifera  leaf in pest management. In another 
study, Lai et al. ( 2006 ) encapsulated  Artemisia 
arborescens  L. essential oil into solid lipid nano-
particles (SLN) and formulated two different 
SLN using high-pressure homogenization tech-
nique. These SLN was tested against adult 
 Bemisia tabaci . Results reveal that both  Artemisia 
arborescens  (LC100 = 0.1 mg/cm 2 ) and its SLN 
(0.5–1.5 %) showed similar impacts. 

 Essential oils are particularly abundant in 
some families of plants – conifers, Rutaceae, 
Umbelliferae, Myrtaceae, and Labiatae – and are 
often utilized (Ho et al.  1996 ; Hori  1996 ; Yang 
et al.  2010 ; Zhao et al.  2013 ) in many economi-
cally important pest and disease management 
(Isman  2006 ). As a recent advancement, garlic 
essential oil (Yang et al.  2009 ) against  Tribolium 
castaneum , neem seed oil (Kulkarni et al.  1999 ), 
and  Lippia sidoides  essential oil (Paula et al. 
 2011 ) were released utilizing polyethylene gly-
col, alginate–glutaraldehyde, and chitosan–
angico gum as encapsulating agents, respectively. 
   Further, N-(octadecanol-1-glycidyl ether)-O-sul-
fate chitosan with octadecanol glycidyl ether was 
used for rotenone (Lao et al.  2010 ), while car-
boxymethyl chitosan–ricinoleic acid for azadi-
rachtin (Feng and Peng  2012 ). 

K. Sahayaraj



283

 Pesticidal plants and    microbes possessing the 
capacity to reduction of metal ions (silver and 
gold) liner moderately or rapidly at ambient con-
dition in a novel and in triggering in biogenesis of 
nanoparticles. This kind of bioreduced nanopar-
ticle can be utilized in biointensive integrated 
pest and disease management. Recently, a good 
number of works have been done with regard to 
the plant- as well as microbe-assisted reduction 
of metallic nanoparticles, showing lots of scope 
in this multidisciplinary fi eld. Further, pesticidal 
terpenoids, fl avonoids, tannins, and entomotoxic 
proteins (Rajakumar and Rahuman  2011 ) were 
also identifi ed as reducing and copping in bio-
genesis of nanoparticles.  

2.3     Biopesticides 
and Nanotechnology 

 Indiscriminate use of pesticides and fertilizers 
causes environmental pollution, increases patho-
gen and pest resistance, and results in loss of bio-
diversity. Reduced soil biodiversity and nitrogen 
fi xation contribute to the bioaccumulation of pesti-
cides, destruction of the habitats of many animals, 
and health hazards to human beings and domestic 
and wild animals. Along with chemicals, physical 
methods, biological methods, and mechanical 
methods have been individually utilized or in com-
bination (integrated pest management – IPM) for 
the eradication of pest and diseases as a result to 
protect on crops and income the production. Later, 
an improved    concept, biointensive integrated pest 
management (BIPM) was introduced proportion 
of biological origination (or biopesticides) has 
increased. Bionano materials by virtual    of bio-
logical along with nanomaterials related proper-
ties, as potential agro- biotechnological application 
for alternative of synthetic pesticides and also a 
part of BIPM. Keeping the concept    in mind, this 
chapter is high lightly both nanotechnology and 
 biopesticides in an overall prospective manner. 
Plant extracts can be utilized as plant-based 
pesticides (Fig.  14.1a ) as well as for bioreduced 
nanomaterial synthesis (Fig.  14.1b ).

   Biopesticides are certain types of pesticides 
derived from natural materials as animals, plants, 
bacteria, and certain minerals. These include 

fungi such as  Beauveria  sp., bacteria such as 
 Bacillus  sp., neem extract, and pheromones. 
Similarly, canola oil and baking soda have pesti-
cide applications and are considered as biopesti-
cides. Among them, both plants and microbes have 
been utilized for the synthesis of nanomaterials. 
For instance, nanoparticles of silver, nickel, cobalt, 
zinc, and copper have also been synthesized 
inside the live plants. 

2.3.1     Advantages of Biopesticides 
 Biopesticides in general have a narrow target range 
and a very specifi c mode of action; are slow 
acting; have relatively critical application times; 
suppress, rather than eliminate, a pest population; 
have limited fi eld persistence and a short shelf 
life; are safer to humans and the environment than 
conventional pesticide; present no residue prob-
lems; do not persist in the environment; present a 
relatively low risk to benefi cial predators and para-
sites (nontarget organisms); usually break down 
rapidly in the environment; are easily metabolized 
by animals receiving sublethal doses; have a broad 
spectrum of activity; and are easy to process and 
use. Considering these  advantages, biopesticides 
can be utilized for the synthesis of nanomaterials 
and utilized in agriculture for the betterment of 
human beings and also to our nature.  

2.3.2     Applications of Nanotechnology 
in Agriculture 

    Nanotechnology is either directly or indirectly 
used in agriculture for the delivery of nano-
cides– pesticides encapsulated with nanomaterials 
(NMs), slow release of nanomaterial-assisted 
ferti lizers, stabilization of biopesticides with NMs, 
 biofertilizers and micronutrients for effi cient use, 
fi eld application of agrochemicals, NM-assisted 
deli very of genetic materials (DNA/double-stranded 
RNA) using gold (Ramanathan et al.  2009 ), starch 
(Liu et al.  2008 ), and chitosan (Zhang et al.  2010 ) 
and nanosensor for pesticides like carbofuran 
(Guo et al.  2009 ) with gold nanoparticles, DDT 
(Lisa et al.  2009 ) with gold particles; dimethoate 
(Guo et al.  2009 ) with zirconium oxide (Lisa et al. 
 2009 ), iron oxide (Ghormade et al.  2011 ), organo-
phosphate (Wang et al.  2009 ), paraoxon with 
 silica (Ramanathan et al.  2009 ), and pyrethroid 
with iron oxide (Kaushik et al.  2009 ) detection.  

14 Nanotechnology and Plant Biopesticides: An Overview



284

2.3.3     What Made Nanoparticles 
for Plant Protection? 

 NPs possess insecticidal    property due to their 
characteristics like extraordinary strength; more 
chemical reactivity; possessing high electrical 
conductivity and optical properties; distinct 
physical, chemical, and biological properties 
associated with the atomic strength; specifi c 
maintenance of size and shape; size–depth quali-
ties; high surface-to-volume ratio as well as high 
stability; particles arranged into ordered layer due 
to hydrogen bonding, dipole forces, hydrophilic 
and hydrophobic interaction, surface tension, 
and gravity; they are released slowly at the 
same time effi cient to the host plant, which deter 
the insect attack; higher mobility and lower tox-
icity; highly pest specifi c and effective; and 

higher self-assembly, stability, specifi city, 
encapsulation, and biocompatibility (Wang et al. 
 2009 ).  

2.3.4     Nanomaterials in Insect Pest 
Management 

 By considering the abovementioned    benefi ts and 
environmental friendliness of traditional meth-
ods, which leading to the development of new 
and modern approaches for management of 
insect pest is needs. Keeping this novel idea in 
mind, application of nanomaterials in pest man-
agement is a potential approach. Plants of both 
terrestrial as well as marine (Fig.  14.2 ) have 
been utilized for the synthesis of nanomaterials. 
Bionano materials    should not be agglutination 
capacity (Fig.  14.3a ,  b ) in prime importance for 

Plant (parts) selection

Extraction

Polar solvents

Non-Polar solvents

B Metal + Biomass Crude Extract A

UV-Visible Bioassay Column Chromatography

FT-IR Contact toxicity HPLC

XRD Dermal toxicity GCMS

EDAX Oral toxicity FT-IR

TEM

Bioreduced nanomaterials Botanicals

Economically important pest

Biopesticide

  Fig. 14.1    Schematic representation of biopesticide: botanicals-A and bioreduced metal nanomaterial-B for pest 
management       
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  Fig. 14.2    Possible chemical reaction involved in the synthesis of silver nanoparticles by epiglobulol and palmitic acid 
present in ethyl acetate extract identifi ed by GC-MS in  Caulerpa scalpelliformis        
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their utility in pest management. The nanomateri-
als are of different size and shapes (Fig.  14.4a–c ).

     Literature available on this topic brings to 
close conclusion that only few researchers all 
over the world are working in this area, and 
hence, there is a pressing need to apply nanotech-
nology, and thus, it warrants detailed study. The 
research studies carried out related to manage-
ment of insect pest have been reviewed here, 
which can be used as an effi cient and potential 
modern approach. Bio-based nanoparticles can 
be used as novel pesticides and drug carriers. 

 Although there are    a number of studies on 
the toxic effect of nanoparticles or biogenetic 
nanoparticle agent on plant pathogenic bacteria, 

fungi, and viruses, very few research has been 
carried out to investigate the toxicity effect of 
nanoparticles on insects. Nanotechnology opens 
an avenue for effi cient delivery of both synthetic 
chemical pesticides and biopesticides with nano-
sized preparation or NM-based agrochemical 
formulation (Ghormade et al.  2011 ). Further, 
Bailey et al. ( 2010 ) emphasized that the integ-
ration of biomolecules (enzymes, primary and 
secondary metabolites, whole cells) with nano-
structure leads to synthesis of new bionano 
materials which have enormous applications 
including in agriculture, for instance, the impact 
of silver and zinc nanoparticle against  Aphis nerii  
Boyer de Fonscolombe (Hemiptera: Aphididae) 

  Fig. 14.3    Agglutinations of  Padina pavonica  silver nanomaterials ( a ) or silver nanoparticles with silver biomass ( b )       

  Fig. 14.4    Bioreduced silver nanomaterials of  Padina pavonica  ( a ), PG ( b ) and  Vernonia  ( c )       
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(Rouhani et al.  2012 ).  Tinospora  cordifolia   leaf 
extract reduced AgNPs and showed pediculicidal 
and larvicidal activity (Jayaseelan et al.  2011 ). 

 Various natural sources like the shell wall of 
phytoplankton, epidermis of vegetables, burnt 
pretreated rice hulls and straw at thermoelectric 
plants, and volcanic soil are considered as the 
best sources of  Amorphous nanosilica . It dis-
played promising potential as a biopesticide. 
They also proposed the mechanism of how the 
 Amorphous nanosilica  cause insect death, i.e., 
the silica NPs were physio-sorbed by the cuticu-
lar lipids disrupting the protective barrier and 
thereby causing death of insects purely by physi-
cal means. Later, Debnath et al. ( 2011 ) reported 
that silica NPs caused 100 % mortality in 
 Sitophilus oryzae . Furthermore, surface-charged 
modifi ed hydrophobic silica NPs (3–5 nm) were 
successfully used to control a range of agricul-
tural insect pests and animal ectoparasites of 
veterinary importance (Ulrichs et al.  2006 ). Insect 
mortality due to silica nanoparticle treatment was 
obtained at dose rates almost comparable with 
those of commercially available DE formulations 
ranging from 500–5,000 mg kg −1  (Subramanyam 
and Roesli  2000 ). 

 Few studies show nanoencapsulation prepara-
tions being effective against pests and vectors. 
Nanoencapsulation is a process by which a 
chemical is slowly but effi ciently released to 
the particular host for insect pest control. 
Nanoparticles loaded with    generalist essential oil 

are effective against  Tribolium castaneum  
Hurst (Yang et al.  2009 ). In another study 
(Chakravarthy et al.  2012a ), DNA-tagged gold 
nanoparticles against  Spodoptera litura  (Fab.). 
Very recently, Chakravarthy et al. ( 2012b ) utilize 
Cds, Ag, and TiO 2  particles against  S. litura.  
They further proposed that tagging of gold 
nanoparticles increased the mortality of the pest 
while the day of exposure increased (645.75, 
377.21, and 256.31 ppm for third, fourth, 
and fi fth day after exposure, respectively). 
Nanotechnological methods were proposed for 
the management of  Helicoverpa armigera  
Hübner (Vinutha et al.  2013 ). Since essential oil 
of  Artemisia arborescens  was stable (Lai et al. 
 2006 ), it was incorporated with solid lipid NPs 
and developed an emulsion to improve stability 
and insecticidal activity (Lai et al.  2006 ). Another 
form of nanomaterials used biopesticides in an 
amorphous nanosilica. It is obtained from differ-
ent natural sources such as phytoplankton’s shell 
wall, epidermis of vegetables, burnt pretreated 
rice mills and straw, and volcanic soil. Primarily, 
the silica nanoparticles were transformed as 
surface- charged modifi ed hydrophobic Si NPs 
and successfully utilized to control many agri-
cultural pests and animal ectoparasites (Ulrichs 
et al.  2006 ). DNA-tagged gold nanoparticles 
were used as pesticide against  Spodoptera litura  
(Chakravarthy et al.  2012a ) and would therefore 
be useful components for an integrated pest 
management strategy (Table  14.1 ).

   Table 14.1    Nanoparticle and bioreduced nanoparticle activities against various insect pests with citations   

 Nanoparticles  Pest name  Activities  Citation 

 Ag +    Aphis nerii   Insecticidal  Rouhani et al. ( 2012 ) 
 Ag–Zn   Aphis nerii   Insecticidal  Rouhani et al. ( 2012 ) 
 Cds   Spodoptera litura   Insecticidal  Chakravarthy et al. ( 2012a ) 
 Ag   Spodoptera litura   Insecticidal  Chakravarthy et al. ( 2012a ) 
 Tio 2    Spodoptera litura   Insecticidal  Chakravarthy et al. ( 2012a ) 
 Al 2 O 3    Sitophilus oryzae   Repellency  Sabbour ( 2012 ) 
 Tio 2    Sitophilus oryzae   Insecticidal  Debnath et al. ( 2011 ) 

 Ovipositional 
 Silica   Sitophilus oryzae   Insecticidal  Rajakumar and Rahuman ( 2011 ) 
 Nanosilica  Insect  Pesticidal  Barik et al. ( 2008 ) 
  Eclipta prostrata    Culex quinquefasciatus   Larvicidal  Rajakumar and Rahuman ( 2011 ) 
 Leaf-based AgNo 3    Anopheles subpictus   Pediculocidal  Rajakumar and Rahuman ( 2011 ) 
    Garlic oil + polyethylene glycol   Tribolium castaneum   Pesticidal  Yang et al. ( 2009 ) 
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2.3.5        Storage Pest Management 
    Using the melt-dispersion method, a polyethyl-
ene glycol (PEG) coated nanoparticles loaded 
with garlic essential oil was prepared, and their 
insecticidal activity against adult  Tribolium cas-
taneum  has been evaluated .  The control effi cacy 
against adult  T. castaneum  remained over 80 % 
after 5 months, as against free garlic essential oil 
at a similar concentration (640 mg/kg) which was 
only 11 % (Yang et al.  2009 ). The author pro-
posed that the higher insecticidal activity was 
presumably due to the slow and persistent release 
of the active components from the nanoparticles. 
Goswami et al. ( 2010 ) reported that the applica-
tions of different surface functionalized hydro-
philic nanoparticles, silica (SNP), aluminum 
oxide (ANP), zinc oxide (ZNP), and titanium 
dioxide (TNP) nanoparticle were tested against 
rice weevil  S. oryzae . Stadler et al. ( 2010 ) 
successfully tested nano-alumina against two 
stored grain pests,  Sitophilus oryzae  Linn. and 
 Rhyzopertha dominica  (Fab.); results are encour-
aging. During the same period, Teodoro et al. 
( 2010 ) also recorded the insecticidal activity of 
nanostructured alumina against the same pests. 
Results revealed that continuous exposure of  
S. oryzae  and  R. dominica  to nanostructured alu-
mina-treated wheat signifi cantly reduced the 
population after 3 days. NPs caused 100 % mor-
tality in  Sitophilus oryzae  (Debnath et al.  2011 ) .  
Silver nanoparticles (Ag NPs) were synthesized 
by using aqueous leaf extracts of  Euphorbia 
prostrate  and tested against adults of  Sitophilus 
oryzae  L. The LD 50  values of aqueous extract, 
AgNO 3  solution, and synthesized Ag NPs were 
213.32, 247.90, and 44.69 mg/kg −1 , respectively 
(Abduz Zahir et al.  2012 ).  

2.3.6    Possible Mechanism 
of Nanomaterials on Insects 

    In mosquito, the mortality is mainly due to recap-
turing of midgut as a result discharge of larval inner 
contents low to the death (Zhang et al.  2010 ). 
Initially, it was proposed by Asharani et al. ( 2007 ) 
that Ag NPs bind with chromosome and are capable 
of including cell proliferation in the cell lines of 
zebra fi sh. It shows the nonmaterial’s are having 
the capacity to enter cells and cause cellular 

damage (Hussain et al.  2005 ; Ji et al.  2007 ). In 
another study it was observed that nanotube fi lled 
with aluminosilicate easily stick to plant surface, 
while in graders’ of nanotube have the ability 
to stick to the exoskeleton of insect pest and 
subsequently enter the body and infl uence cer-
tain physiological functions leads to the death. 
Ulrichs et al. ( 2006 ) proposed that since nanopar-
ticles easily circulated in the neurological as well 
as biochemical changes of the animal.  

2.3.7     Nanoparticles for Diseases 
Management 

   Plants 
 Fungi, bacteria, and viruses are important patho-
gens of vegetables, fruits, cereals, pulses, and 
other crops. As an alternative to synthetic chemi-
cals, the use of nanoparticles as antimicrobial 
agents has become more common as technology 
advances. Until now, limited research provided 
some evidence of the application of nanoparticles 
for the control of plant diseases caused by patho-
genic phytopathogens. In the present section, the 
antimicrobial activity of nanoparticles of silver, 
silicon, titanium dioxide, magnesium, iron, and 
zinc and its oxide has been discussed briefl y. 

 Another important potential application of 
nanotechnology is in the management of plant 
diseases. Titanium dioxide-based nanoparticles 
greatly affect disease development and sub-
sequently increase the yield of edible cowpea. 
Hydrophobic Si NPs were successfully applied 
as a thin fi lm on cereal seeds, which decreased 
the fungal growth and increased germination 
(Robinson and Salejova-Zadrazilova  2010 ). 
Further, it was also proposed by Kim et al. ( 2006 ) 
that Ag NPs can be used for the infesting various 
plant pathogens. Again during  2007 , Kim and his 
coworkers tested antifungal activity of silver ions 
and nanoparticles against plant pathogenic fungi, 
 Bipolaris sorokiniana  and  Magnaporthe grisea , 
both under laboratory, and also on ryegrass, 
 Lolium perenne.  Results revealed that silver ions 
and NPs reduced colony formation of spores. 
Silver NPs reduced spore formation, reduced the 
number of germinating fragments and sprout 
length, and reduced the growth of fungal hyphae. 
Jo ( 2009 ) tested various forms of silver ions and 
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nanoparticles (SNP) on two plant pathogenic 
fungi,  Bipolaris sorokiniana  and  Magnaporthe 
grisea , under growth chamber. SNP signifi cantly 
reduced these two fungal diseases on perennial 
ryegrass  Lolium perenne . The number of spores 
formed by  Fusarium culmorum  mycelia increased 
in the culture after contact with silver nano-
particles with a 2.5 ppm solution of silver 
nanoparticles greatly reduced the number of 
mycelial growth, germinating fragments, and 
sprout length relative to the control (Marek et al 
 2010 ). Application of 100 ppm silver nanoparti-
cles showed the highest inhibition rate for both 
before and after the outbreak of disease on 
cucumbers and pumpkins at fi eld level (Kabir 
et al.  2010 ). Silica NPs were successfully applied 
as a thin fi lm on seeds to decrease fungal growth 
and boost cereal germination (Robinson and 
Salejova- Zadrazilova  2010 ). Previously, Park 
et al. ( 2006 ) reported that nanosized silica–silver 
controlled  Botrytis cinerea, Rhizoctonia solani, 
Colletotrichum gloeosporioides, Magnaporthe 
grisea , and  Pythium ultimum  within 3 days of 
spraying.    Nanosized silver colloidal solution 
of WA-CV-WA13B, WA-AT-WB13R, and 
WA-PR- WB13R (AgNPs) at concentrations of 
10, 25, 50, and 100 ppm against  Alternaria alter-
nata, Alternaria brassicicola, Alternaria solani, 
Botrytis cinerea, Cladosporium cucumerinum, 
Corynespora cassiicola, Cylindrocarpon 
destructans, Didymella bryoniae, Fusarium  spp., 
 Glomerella cingulata, Monosporascus cannon-
ballus, Pythium aphanidermatum, Pythium spi-
nosum , and  Stemphylium lycopersici.  The results 
indicated that AgNPs possess antifungal proper-
ties against these plant pathogens at 90–100 %. 
Among the AgNPs, WA-CV-WB13R AgNPs 
caused maximum inhibition of most fungi (Kim 
et al.  2012 ). 

 Nanoparticles, particularly titanium dioxide, 
help produce new pesticides, because it decreased 
the disease incidence of cowpea (says Owolade 
et al.  2008 ). Phytopathogenic fungi such as 
 Rhizoctonia solani ,  Sclerotinia sclerotiorum , and 
 S. minor  hyphal growth (12 %, 36 %, and 41 % 
for  Rhizoctonia solani ,  Sclerotinia sclerotiorum , 
and  S. minor , respectively) and sclerotial germina-
tion grow inhibited by 7 ppm silver nanoparticles. 

Antifungal activities of zinc oxide nanoparticles 
(ZnO NPs) at different concentrations (0, 3, 6, and 
12 mmol L −1 ) and their mode of action against 
two postharvest pathogenic fungi, namely, 
 Botrytis cinerea  and  Penicillium expansum , 
were investigated (Lili et al.  2011 ). Growth of 
 F. graminearum  was signifi cantly inhibited by 
inclusion of the ZnO nanoparticles in a mung 
bean broth agar and in sand. Further, the ZnO 
NPs did not prevent metabolites from a bio-
control bacterium,  Pseudomonas chlororaphis  
O6, from inhibiting  Fusarium  growth; no syner-
gism was observed in the mung bean agar 
(Dimkpa et al.  2013 ). Results revealed that ZnO 
NPs at concentrations greater than 3 mmol L −1  
signifi cantly inhibit the growth of  B. cinerea  and 
 P. expansum  by preventing the development of 
conidiophores and conidia, which eventually led 
to the death of fungal hyphae. Nanoparticles of 
magnesium, iron, and zinc signifi cantly inhibit 
the germination of spores of  Penicillium notatum, 
Aspergillus niger , and  Nigrospora oryzae  Berk. 
Among the three nanoparticles, the nano-MgO at 
highest concentration was found most effective 
in reducing the spore germination, followed by 
nano-FeO and nano-ZnO at the same concentra-
tion, respectively (Wani et al.  2012 ). 

 Nanocomposite is another form of nano-
technological tool which can be utilized in 
agriculture either for pest management or for 
phytopathogens management. For instance, 
Cioffi  et al. ( 2005 ) tested the antifungal activity 
of polymer-based copper nanocomposite against 
plant pathogenic fungi.  

   Animal 
 Dreadful NPV disease    of silkworm was easily 
managed by plant-stem-derived silica by enhancing 
the survival rate from 0 to 30 % by SiO 2  through 
inhibiting sporulation and growth of fungi 
(Goswami et al.  2010 ). Further, they recorded the 
solid and liquid formulations of the silver 
nanoparticles (SNP), aluminum oxide (ANP), 
zinc oxide, and titanium dioxide used for the 
management of rice weevil and grasserie disease 
in  Bombyx mori  caused by  Sitophilus oryzae  and 
baculovirus ( B. mori  nuclear polyhedrosis virus – 
BmNPV), respectively (Goswami et al.  2010 ). 
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It was reported that hydrophilic SNP was most 
effective on the fi rst day. On day 2, more than 
90 % mortality was obtained with SNP and ANP. 
After 7 days of exposure, 95 and 86 % mortality 
were reported with hydrophilic and hydrophobic 
SNP and nearly 70 % of the insects were killed 
when the rice was treated with lipophilic SNP.    

2.4     Merits and Demerits 

     1.    Application of amorphous nanosilica did not 
alter either respiration or photosynthesis of 
many horticultural and crop plants (Ghormade 
et al.  2011 ).   

   2.    Use of amorphous as nanosilica as nano-
biopesticides is considered safe for humans 
by WHO.   

   3.    Uses of these tiny molecules are more effi cient 
utilization of active agents, resource saving, 
safety, etc.   

   4.    Bioreduced nanomaterials reduced the phyto-
toxicity by lowering the mobility of the active 
agent in soil, hence reducing its residue in the 
food chain.      

2.5     Conclusion and Future Focus 

 The abovementioned review    shows that instead 
of synthetic pesticides, farmers are advised to 
utilize biopesticides and botanical-based nano-
materials for pest and disease management to 
protect our environment, our fellow human 
beings, and our domestic animals, as our natural 
resources, like plants, have degradable and low-
cost secondary metabolites. Laboratories, as 
well as fi eld experiments, are imperative to utilize 
nanomaterial- based insecticides to eradicate 
devastating pests and disease. Further, encapsula-
tion of botanicals with nanomaterials could be 
encouraged in the future for their preparation.      
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    Abstract  

  Many phytochemical pesticides exhibiting broad spectrum of activity 
against pests and diseases have long been considered as  attractive alter-
native to synthetic chemical pesticides as they are biodegradable, target 
specifi c, and pose no or less hazard to the environment or to human 
health. Although a large number of studies suggest that plant- based 
materials do affect arthropod pests, vectors, and other pathogens, yet 
only a  handful of botanicals are currently used in agriculture, and there 
are few prospects for commercial development of new botanical prod-
ucts. Several factors appear to limit the success of botanicals, most nota-
bly regulatory barriers and the availability of competing products of 
microbial origin that are cost-effective and relatively safe compared with 
their predecessors. In the context of agricultural pest management, 
botanical pesticides are best suited for use in organic food production 
and can play a much greater role in the production and post-harvest pro-
tection of food and food products in developing countries. There is thus 
a need to organize natural sources, develop quality control, adopt stan-
dardization strategies, and modify regulatory mechanisms.  
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1         Introduction 

    Intensifi cation of agriculture through expansion 
of irrigation facilities, introduction of high- 
yielding varieties, and application of increased 
amounts of agrochemicals has been continued. 
Besides these, the cultural practices have been 
modifi ed to achieve maximum productivity/ha 
from the available land. However, along with 
various technological achievements, severe out-
breaks of insect pests, diseases, and weeds in 
agricultural crops have also increased. Many 
hitherto unknown insect pests and diseases have 
assumed serious status, and some of them have 
developed resistance to one or more groups of 
pesticides. In addition, pesticides have contami-
nated different components of our environment 
and posed the potential health hazard to consum-
ers. Therefore, the future pest problems will have 
to be tackled in an environmentally benign 
 manner as a part of a sustainable crop production 
technology. 

 Plant biodiversity has provided an excellent 
source of biologically active materials for use in 
traditional crop protection. They can be as simple 
as crude or purifi ed extracts of plant parts or plant 
synthesized secondary metabolites that are toxic 
to herbivores and pathogens and so are believed 
to act as defense compounds. Over the years, 
more than 6,000 species of plants have been 
screened, and more than 2,500 plant species 
belonging to 235 families (Saxena  1998 ) were 
found to possess biological activity against vari-
ous categories of pests. It is thus likely that novel 
and potent molecules that can be used for pest 
suppression still remain to be discovered from 
many plant species for further development and 
utilization. 

 Although noted for the complexity of their 
chemical structures and biosynthetic pathways, 
phytochemicals have been investigated for their 
chemical properties extensively since the 1850s. 
Recognition of the biological properties of large 
number of phytochemicals has fueled the current 
focus for the search of new insecticides, herbi-
cides, and insect behavior-modifying chemicals. 
Many of these compounds have been shown to 

have important adaptive signifi cance in  protection 
against herbivory (Croteau et al.  2000 ). Most of 
the compounds have been established as insect 
antifeedants (Koul  2005 ). Although plant second-
ary metabolites mediate a wide variety of com-
plex interactions, some of these are released into 
the environment, mostly volatile or essential oil 
constituents, alcohol and aldehydes, ketones, 
esters, aromatic phenols, mono- and sesquiter-
penes, etc., and others are produced in the plant 
for defense. In fact, during the last few decades, 
literature has been fl ooded with umpteen studies 
and comprehensive reviews (Arnason et al.  2004 ; 
Champagne et al.  1992 ; Copping and Duke  2007 ; 
Dev and Koul  1997 ; Harborne  1977 ; Isman  2005 , 
    2006 ; Isman and Machial  2006 ; Koul and 
Dhaliwal  2001 ; Koul et al.  2005a ,  b ; Nguefack 
et al.  2007 ; Omar et al.  2007 ; Parmar and Walia 
 2001 ; Reitz et al.     2008 ; Rosell et al .   2008 ; Saxena 
 1987 ). Processes for insect repellent and insecti-
cides products of plant origin have also been 
 patented (Kumar et al.  1995 ,  1999 ; Singh et al. 
 1998 ,  2000 ).  

2     Vegetable Oils, Fatty Acids, 
and Soaps 

 Vegetable oils and their by-products are consid-
ered to be quite safe to humans and other living 
beings. Mixing food grains, pulses, and oilseeds 
with locally available plant oils is widely prac-
ticed by the traditional farmers for protecting 
grains against insect infestation (Pereirra  1983 ). 
A number of plant by-products have been found 
to be protectants against a number of stored grain 
insect pests (Hill and Schoonhoven  1981 ; Pandey 
et al.  1981 ; Doharey et al.  1990 ; Ayyangar and 
Rao  1989 ; Dixit and Saxena  1990 ). These have 
been traditionally used in many Asian and African 
countries as contact insecticides to  protect grain 
especially legumes against storage insects 
(Pandey et al.  1981 ; Grainge and Ahmed  1988 ). 
The vegetable oils have been found useful for 
controlling whitefl ies, young scales, mites, and 
many other plant pests present during the grow-
ing season. Oils have also proven useful in man-
aging some plant diseases. Studies have revealed 
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that the crude oils of rice bran, cottonseed, and 
palm kernel were most effective at rates of 1–6 g/
kg against  Callosobruchus maculatus . While the 
cottonseed oil provided good control of  B. tabaci  
on cotton (Broza et al.  1988 ), cottonseed and 
neem oils at 0.5 and 1.0 % dose were found to 
show similar effectiveness as 0.05 % fenpropath-
rin exhibits against both adults and nymphs of 
 B. tabaci  (Puri et al.  1991 ,  1994 ). Further, the 
emergence of  C. chinensis  adult was completely 
prevented by the application of 0.5 % neem oil 
and 7.5 % karanj oil for up to 100 days after treat-
ment without any adverse effect of the oils on 
seed germination (Khaire et al.  1992 ). Groundnut 
and other vegetable oils at 0.3 % (w/w) provided 
full protection of green gram against  C. maculatus  
(Verma and Pandey  1978 ; Pandey et al.  1981 ). 
Complete control of  Sitophilus granarius  was 
achieved for 60 days by mixing wheat grain with 
cottonseed, soybean, maize, or peanut oil at 10 g/
kg seeds (Qi and Burkholder  1981 ). Plant-derived 
oils have been shown to be effective against a 
number of insects and mite pests in home garden 
(Butler and Henneberry  1991 ). 

 The edible oils presumably act by interfering 
with normal respiration by plugging the orifi ces, 
called spiracles, resulting in suffocation of the 
insect. In the case of eggs, the oils possibly 
caused coagulation of the protoplasm by pene-
trating through microphylls. The application of 
oils to termites and scale insects resulted in the 
reduction of the interfacial tension between 
 solvent and water leading to water loss from the 
insects. With the addition of 1 % glycerol mono-
oleate, the insects lost twice as much weight as 
those treated with oil alone. Further, crude vege-
table oils and less viscous oils were more active 
than pure and viscous oil (Shaaya and Ikan  1979 ; 
Calderon  1979 ). Since vegetable oils are gener-
ally the mixture of mono-, di-, or triglycerides of 
mainly oleic, stearic, and/or palmitic acids, their 
insect control activity has been attributed to ester 
linkages as corresponding hydrolytic product 
glycerol is devoid of any activity. 

 Among the straight-chain fatty acids, C 9  to C 11  
acids were found to be most effective in prevent-
ing oviposition of  C. maculatus  and causing 
 mortality to  S. oryzae  adults. Pelargonic (C 9 ), 

capric (C 10 ), and undecanoic (C 11 ) acids were the 
most effective in preventing oviposition. At con-
centration ranging from 0.4 to 1.6 g/kg, these 
compounds exhibited strong insect repellent 
activity. Interestingly, conversion of fatty acids 
into corresponding methyl esters resulted in total 
loss of the activity. While capric, lauric, and 
myristic acids reportedly exhibited mosquito-
cidal activity at LC 50  0.0004–0.0014 % against 
 Aedes triseriatus  (Lalonde et al.  1979 ), the higher 
fatty acids such as palmitoleic acid, oleic acid, 
and linoleic acid were moderately active against 
 Sitophilus oryzae  and  Tribolium castaneum  
(Deshpande et al.  1974 ).    The salts of fatty acids 
generally known as soaps have been used as 
insecticides for the control of insect pests of 
plants (Weinzierl  2000 ). The most common 
soaps are made of the potassium salts of fatty 
acids, which are known to disrupt the structure 
and permeability of cell membranes of the insect. 
The cell contents get leaked from the  damaged 
cells leading to quick cell death. A wide range of 
small- and soft-bodied insect species such as 
aphids, mealybugs, thrips, and spider mites and 
whitefl ies are sensitive to soap. Some  large- bodied 
insects, such as caterpillars, leafhoppers, and 
beetles, are also susceptible to soap. Generally, 
insecticidal soaps have a minimal impact on ben-
efi cial insects such as ladybird  beetle larvae, par-
asitic wasps, and honeybees, but it can be quite 
harmful to soft-bodied predators. The selective 
action of soaps, their low mammalian toxicity, 
biodegradability, and high degree of safety to 
humans are their major advantages. Effects of 
soap are rapid, usually resulting in death of 
susceptible insects within a few minutes after 
exposure. Resistance to insecticidal soaps is less 
likely to develop as quickly as to the more tradi-
tional pesticides. Soaps, oils and neem products 
have been used as biorational pesticides for IPM 
in tomato (Schuster and Stansly  2000 ).  

3     Leaf Waxes and Exudates 

 Leaf glandular trichomes and the exudates such 
as cuticular waxes produced by them play a 
 signifi cant role in determining resistance and 
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 susceptibility to infestation by insects in these 
plants (Shepherd et al.  1999a ,  b ). These exudates 
produce a microcrystalline layer of waxy mate-
rial comprising of a number of secondary plant 
metabolites such as glycolipids, glycerolipids, as 
well as free fatty acids/esters and terpenes. These 
materials, besides providing in-built plant resis-
tance to invading pests, are active against certain 
phytophagous insects and pathogens. The pres-
ence of high level of long- chain alcohols such as 
hexacosanol (C 26 ) in cabbage wax and triaconta-
nol (C 30 ) in alfalfa has been associated with resis-
tance to larvae of the diamondback moth  Plutella 
xylostella . High  levels of α-amaryl alkanoates 
and cycloartenol alkanoates in epicuticular waxes 
in plants act as defense systems against insects. 
Abundance of cycloartenol alkanoates in rasp-
berry,  Rubus idaeus  L., is considered as sig-
nificant factor in resistance against 
 Amphorophora idaei . Interestingly, aphid-derived 
triacylglycerol found only in the leaf waxes of 
aphid-infested plants serves as an index of aphid 
infestation. Antixenotic resistance of various 
 Brassica   species to turnip root fl y,  Delia fl oralis , 
has been reportedly linked to the presence of wax 
esters (Shepherd et al.  1999a ,  b ). Glycerolipids in 
 combination with glycolipids such as glucose 
and sucrose esters make  Nicotiana benthamiana  
resistant to attack by the hornworm,  Manduca 
sexta  (Matsuzaki et al.  1992 ). In addition, there 
are a number of secondary metabolites that pro-
vide defense to plants against pests. Therefore, a 
general approach has been to use botanical prod-
ucts against pests in the form of various extracts 
containing a group of active ingredients of diverse 
chemical nature or the isolated cuticular waxes 
and exudates. Such compounds induce various 
types of inhibitions in the developmental pro-
cesses of pests.  

4     Essential Oils 

 Essential oils are mainly obtained by hydrodistil-
lation or steam distillation from aromatic and 
medicinal plants and are used for medicinal, 
 fragrance, and fl avoring purposes in the cosmetic, 
perfumery confectionary, and pharmaceutical 

industries and in aromatherapy. The oils are 
mainly composed of complex mixtures of mono-
terpenes and sesquiterpenes and their oxygenated 
hydrocarbons. A number of plant species have 
been traditionally used for protection of stored 
commodities, especially in the Mediterranean 
region and in southern Asia, but interest in the 
oils was renewed with emerging demonstration 
of their fumigant and contact insecticidal activi-
ties to a wide range of pests in the 1990s (Koul 
et al .   2008 ; Isman  2000 ). 

 Other essential oils such as lemongrass 
( Cymbopogon fl exuosus ), eucalyptus ( Eucalyptus 
globulus ), rosemary ( Rosmarinus offi cinalis ), vet-
iver ( Vetiveria zizanioides ), clove ( Eugenia caryo-
phyllus ), and thyme ( Thymus vulgaris ) are known 
for their pest control properties. Peppermint 
( Mentha piperita ) is reported to repel ants, mice, 
fl ies, lice, and moths, while pennyroyal ( Mentha 
pulegium ) wards off fl eas, ants, lice, mosquitoes, 
ticks, and moths. Spearmint ( Mentha spicata ) and 
basil ( Ocimum basilicum ) are also effective 
against fl ies. Some other essential oil-bearing 
plants, namely, wormwood ( Artemisia vulgaris ), 
cajeput ( Melaleuca leucadendron ), geranium 
( Pelargonium roseum ),  lavender ( Lavandula 
angustifolia ), peppermint ( Mentha piperita ), and 
red cedarwood ( Juniperus virginiana ), are also 
effective against various pests. The volatile oil 
constituents of  Mentha species  are highly effective 
against stored grain pests, namely,  Callosobruchus 
maculatus  and  Tribolium castaneum  (Tripathi 
et al.  2000 ). Essential oils from cinnamon 
( Cinnamomum zeylanicum ), lemongrass 
( Cymbopogon citratus ), lavender ( Lavandula 
angustifolia ), tansy ( Tanacetum vulgare ), 
 Rabdosia melissoides , calamus ( Acorus calamus ), 
clove ( Eugenia caryophyllata ), basil ( Ocimum 
basilicum ), wintergreen ( Gaultheria procumbens ), 
jeera ( Cuminum cyminum ), kala jeera ( Bunium 
persicum ), ajwain ( Trachyspermum ammi ), saunf 
( Foeniculum vulgare ), musk ( Abelmoschus mos-
chatus ), cedarwood ( Cedrus deodara ), and other 
plant species are also known for their varied pest 
control properties. Citronella ( Cymbopogon nar-
dus ) oil has been used for over 50 years both as an 
insect repellent and an animal repellent. Combining 
few drops each of citronella, lemon ( Citrus limon ), 
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rose ( Rosa damascena ), lavender, and basil 
 essential oils with 1 l of distilled water is effective 
to ward off indoor insect pests. The larvicidal 
activity of citronella oil has been mainly attributed 
to its major monoterpenic constituent citronellal 
(Zaridah et al.  2003 ). 

 Vetiver ( Vetiveria zizanioides ) oil has been 
historically known to protect clothes and other 
valuable materials placed in closets, drawers, and 
chests from damaging insect pests. Lavender oil 
derived from  L. angustifolia  is also known for its 
pest control properties.  Eucalyptus  ( Eucalyptus 
globulus ,  E. citriodora ) essential oil exhibits sig-
nifi cant pest control properties due to the presence 
of 1,8-cineole and other essential oil constituents. 
The insect repellent activity of thyme oil is due to 
thymol and other phenolic constituents. 

 The essential oil of catnip ( Nepeta cateria ) is 
highly effective for repelling mosquitoes, bees, 
and other fl ying insects. It repels mosquitoes ten 
times more than DEET. It is particularly effective 
against  Aedes aegypti  mosquito known to carrying 
yellow fever virus. The most active constituent 
in catnip has been identifi ed as nepetalactone. 
Dill oil obtained from dill plant ( Anethum sowa ) 
as by-product of dill industry is also a rich source 
of carvone. The other major constituent of 
 A. sowa , namely, dillapiole is well known for its 
insecticide synergistic properties. It also occurs 
to the extent of about 40–60 % in  Anethum 
graveolens  seed oil and more than 51 % in spear-
mint oil ( Mentha spicata ). The turmeric 
( Curcuma longa ) oil from leaves was rich in 
α-phellandrene (70 %) and exhibited signifi cant 
growth inhibition and larval mortality against 
 S. obliqua  (Agarwal et al.  1999 ) .  The leaf oil 
showed good ovicidal and nymphicidal activity 
against  D. koenigii  and moderate knockdown 
effect against  Tribolium castaneum . Curcumin 
and ginger oil at 0.2 % concentration showed 
86 % inhibition of the mycelial growth of the test 
fungus  R. solani.  Essential oil extract of  C. longa  
has also been found effective against various 
pests (Agarwal and Walia  2003 ). 

 Antifungal activity of certain essential oils or 
their components have also been assessed and 
found most effective against  Botrytis cinerea  
(Wilson et al.  1997 ),  Monilinia fructicola  (Tsao 

and Zhou  2000 ),  Rhizoctonia solani ,  Fusarium 
moniliforme  and  Sclerotinia sclerotiorum  (Muller 
et al.  1995 ),  F. oxysporum  (Bowers and Locke 
 2000 ),  Aspergillus niger  (Paster et al .   1995 ), 
 A. fl avus  (Montser and Carvajal  1998 ),  Penicillium 
digitatum  (Daferera et al.  2000 ),  F. solani , 
 R. solani ,  Pythium ultimum ,  Colletotrichum linde-
muthianum  (Zambonelli et al.  1996 ),  Alternaria 
padwickii ,  Bipolaris oryzae , and peanut fungi 
(Krishna et al.  2007 ; Nguefack et al.  2007 ). 
Tomato seedlings transplanted in soil treated with 
700 ml/l of palmarosa oil and 700 ml/l of lemon-
grass oil were free from bacterial wilt, and 100 % 
of plants in thymol treatments were free of 
 R. solanacearum  (Pradhanang et al.  2003 ). 

 Essential oils also showed herbicidal activity. 
Dudai et al .  ( 1999 ) found that application of 
essential oil from  Cymbopogon citratus  (lemon-
grass) in soil inhibited germination of both mono- 
and dicotyledonous plant species. The citronella 
oil is reported to have preemergence herbicide 
activity (Clay et al.  2005 ). The essential oils and 
mixture and blends have been found to control 
weeds and grasses (Brentwood  2003 ). Citronella 
allelochemicals at a high dose largely killed 
foliage of some tree species within 1 day of 
application but most species regrew strongly. 
 Senecio jacobaea  was the most susceptible 
species, with good control 2 months after appli-
cation of the higher dose (Clay et al .   2005 ), and 
volatile cineoles are also allelopathic to weedy 
plant species (Romagni et al.  2000 ). Thus ability 
of these natural plant products to kill or reduce 
weed populations represents an alternative to the 
use of toxic weedicide. 

 The rapid action of essential oils against some 
pests is indicative of a neurotoxic mode of action, 
and there is evidence for interference with the 
neuromodulator octopamine (Kostyukovsky et al. 
 2002 ) by some oils and with GABA-gated chlo-
ride channels by others (Priestley et al.  2003 ). 
Some of the purifi ed terpenoid constituents of 
essential oils are moderately toxic to mammals, 
but, with few exceptions, the oils themselves or 
products based on oils are mostly nontoxic to 
mammals, birds, and fi sh (Stroh et al.  1998 ). 
Owing to their volatility, essential oils have 
 limited persistence under fi eld conditions. Recent 
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evidence for an octopaminergic mode of action 
for certain monoterpenoids (Bischof and Enan 
 2004 ; Kostyukovsky et al.  2002 ), combined with 
their relative chemical simplicity, may yet fi nd 
these natural products useful as lead structures 
for the discovery of new neurotoxic insecticides 
with good mammalian selectivity. Cedarwood 
oil, himachalol, and β-himachalene have been 
found to possess insecticidal properties (Singh 
et al.  1984 ; Singh and Agrawal  1988 ; Singh and 
Rao  1986 ; Singh  1996 ). Essential oils have also 
been reported to show reproduction retardant, 
fumigant, repellent, and insecticidal activities 
(Singh et al.  1989 ; Singh and Singh  1991 ). 

4.1     Essential Oil Constituents 

 Essential oil constituents are primarily lipophilic 
compounds that act as toxins, feeding deterrents, 
and oviposition deterrents to a wide variety of 
insect pests. Mono- and sesquiterpenes are 
formed by the condensation of isopentenyl pyro-
phosphate units. These are believed to aid plants 
in chemical defense against phytophagous 
insects, fungi, and bacteria. Insecticidal proper-
ties of several monoterpenoids to the housefl y, 
red fl our beetle, and southern corn rootworm 
have been reported (Rice and Coats  1994 ). 
Although many monoterpenoids have insecti-
cidal properties, the degree of toxicity of differ-
ent compounds to one species differs considerably. 
Cornelius et al. ( 1997 ) evaluated toxicity of 
monoterpenoids against  Coptotermes formosa-
nus , a subterranean termite of which eugenol was 
found most effective as termiticide. It was also 
effective as a fumigant and as feeding deterrent. 
Similarly, limonene found in the essential oil of 
various  Citrus  leaves and fruit peels exhibited 
signifi cant insect control properties (Karr and 
Coats  1988 ). 

 Lichtenstein et al. ( 1974 ) reported that car-
vone isolated from aerial part of dill plants 
( Anethum graveolens  L.) exhibits considerable 
insecticidal activity against  Drosophila  and 
 Aedes  spp. Lee et al. ( 1997 ) evaluated acute tox-
icity of 34 naturally occurring monoterpenoids 
against three insects species. The study indicated 

that citronellic acid and thymol were most toxic 
against housefl y, while citronellol and thujone 
were most effective against the western corn 
rootworm. Tripathi et al. ( 2003 ) reported that 
 L -carvone completely suppressed the egg hatch-
ing of  T. castaneum  at concentration 7.22 mg/
cm 2 . It also suppressed larval and adult survival 
(Ouden et al .   1993 ). Hierro et al. ( 2004 ) reported 
the action of different monoterpenic compounds 
against  Anisakis simplex  larvae and found that 
geraniol, citronellol, citral, carvacrol, and cumi-
naldehyde were active at 12.5 μg/ml. 

 Some essential oil constituents exhibit insect 
attractant, repellent, and deterrent properties. 
Eugenol from cloves ( Eugenia caryophyllus ), 
1,8-cineole from  Eucalyptus globulus , citronellal 
from lemongrass  Cymbopogon nardus , pulegone 
from  Mentha pulegium , and thymol and carvacrol 
from  Thymus vulgaris  were among the most 
active constituents, whereas  D -limonene and 
 L -limonene were repellent and attractant. 
α-Pinene has also been reported to exhibit anti-
feedant and growth inhibitory activities to the 
adults and larvae of  T. castaneum.  Limonene, one 
of the major constituents of  Citrus  oils, has been 
reported to inhibit the development and growth of 
German cockroach,  Blattella germanica . 
Similarly, eugenol, methyl eugenol, isoeugenol, 
safrole, and isosafrole are better toxicants and 
repellents than monoterpenes limonene, cineole, 
and p-cymene. The essential oil from root of 
sweet fl ag,  Acorus calamus , is also known for its 
insecticidal and antigonadal actions associated 
with its most abundant constituent β-asarone. 
Cinmethylin, a herbicidal analogue of cineole, 
has been sold in Europe and Asia. The triketone 
herbicides are derivatives of the plant-produced 
phytotoxin, leptospermone (Pimental  2005 ). 
Composition and insect repellent activity of the 
essential oil of marigold ( T. erecta ) fl ower have 
been recently reported (Ray et al.  2000 ). Thymol 
and carvacrol are defi nitely active against most 
fungal species tested (Kurita et al.  1981 ; Muller 
et al.  1995 ; Tsao and Zhou  2000 ). The mecha-
nism of action of these compounds against fungi 
is unknown but may be related to their general 
ability to dissolve or otherwise disrupt the integ-
rity of cell walls and membranes (Isman and 
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Machial  2006 ). Many monoterpenes from plant 
sources have been evaluated as feeding deterrents 
against insects (Koul  1982 ; Koul et al.  2008 ). 
Sesquiterpenes are an important source of insect 
antifeedants, insecticidal, and antifeedant agents 
(Cooper-Driver and LeQuesne  1987 ; Eigenbrode 
et al.  1994 ; Hough-Goldstein  1990 ; Isman et al. 
 1989 ; Ivie and Witzel  1982 ; Rodriguez  1985 ; 
Rossiter et al.  1986 ; Tsunao et al.  1993 ). 
Tricyclic silphinene, a sesquiterpene, namely, 
11-β-acetoxy-5α-(angeloyloxy   )-silphinen-3-one 
and its two hydrolytic products, 11-β-hydroxy-
5α-(angeloyloxy)-silphinen   -3-one and 11-β,5α-
dihydroxysilphinen- 3-one reported from  Senecio 
palmensis  (Asteraceae), possessed strong anti-
feedant activity against Colorado potato beetle, 
 Leptinotarsa decemlineata  (Say) (Mullin et al. 
 1997 ). Feeding deterrents sesquiterpene lactone, 
angelate argophyllin-A, and 3- O -methyl 
niveusin-A were isolated from infl orescences of 
cultivated sunfl ower. α-Cyperone, a sesquiter-
pene isolated from the  Cyperus rotundus  (nut 
grass) tubers, showed insecticidal activity against 
diamondback moth,  Plutella xylostella  (Linn) 
(Thebtaranonth et al.  1995 ). Poligodial, 
 warburganal, and muzigadial are among some 
of the potential drimane sesquiterpenes having 
anti- insect and antifungal properties (Jansen and 
Groot  1991 ). Inhibition of feeding in monopha-
gous as well as polyphagous insects has been 
attributed to enol and α,β-unsaturated aldehyde 
group(s) in these molecules (Kubo and Nakanishi 
 1978 ). The biological activity is primarily due to 
their ability to form adducts with amino groups 
rather than sulfhydryl group of the receptors 
(Caprioli et al.  1987 ). Kauranoid alcohols have 
been reported from the important medicinal plant 
 Croton lacciferus  commonly found in Sri Lanka 
and India (Ratnayake et al.  1988 ). These com-
pounds are moderately insecticidal against  Aphis 
craccivora  Koch (Ratnayake et al.  1992 ). 
Costunolide and parthenolide, the sesquiterpene 
lactones isolated from the fruits of  Magnolia sal-
icifolia , were toxic to  Aedes aegypti  inducing 
absolute mortality within 24 h at 15 ppm (Kelm 
et al.  1997 ). Conifer resin, a synergistic blend of 
monoterpene olefi ns with antiherbivore and 
antipathogen activity, and diterpene acids that are 

toxic and deterrent to herbivores have good 
potential in agricultural pest control (Gershenzon 
and Dudareva  2007 ). Also, menthol-containing 
formulation inhibits adzuki bean beetle, 
 Callosobruchus chinensis  L. (Coleoptera; 
Bruchidae), population in pulse grain storage 
(Singh and Mehta  2010 ).   

5     Clerodane Diterpenes 

 Clerodane diterpenes, 3,13 E -clerodane-15-oic 
acid, 4,13 E -clerodane-15-oic acid, 18-oxo- 
3,13 E -clerodane-15-oic acid, and 2-oxo-3,13 E -
clerodane- 15-oic acid, from Nigerian plant 
 Detarium microcarpum  were found to be feeding 
deterrents (Lajide et al .   1995a ), particularly 
against workers of the subterranean termite, 
 Reticulitermes speratus . The exceptionally hard 
wood of a Nigerian plant  Xylopia aethiopica  also 
withstands attack from termites and other insects 
destructive to wooden structures, which led to the 
isolation of ent-kauranes   , (−) kaur-16-en-19-oic 
acid having strong termite antifeedant activity 
against workers of  Reticulitermes speratus  
Kolbe (Lajide et al.  1995b ). Several natural neo- 
clerodane diterpenoids isolated from  Linaria 
saxatilis  and some semisynthetic derivatives 
were tested against several insect species with 
different feeding adaptations. The antifeedant 
tests showed that the oliphagous     Leptinotarsa 
decemlineata  was the most sensitive insect, 
 followed by the aphid  Myzus persicae . The 
polyphagous  Spodoptera littoralis  was not 
deterred by these diterpenoids; however, follow-
ing oral administration, some of these compounds 
did have postingestive antifeedant effects on this 
insect. In general terms, the antifeedant effects of 
these compounds were species-dependent and 
more selective than their toxic/postingestive 
effects. The study of their structure-activity rela-
tionships showed that both the decalin moiety 
and the chain at C-9 determined their bioactivity. 
Furthermore, the presence of a 4,18-epoxy/diol 
moiety was an important feature for both the anti-
feedant and the toxic/postingestive effects 
(Gonzalez-Coloma et al.  2000 ). On the whole, 
the study of neo-clerodane diterpenoids from 
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structural elucidation to biological activity has 
been extensively discussed recently (Coll and 
Tandrόn  2007 ), and many diterpenoids have 
been reported as both insecticidal and feeding 
deterrents against various insect species and dis-
cussed comprehensively (Dev and Koul  1997 ; 
Koul  2005 ). 

 Neo-clerodane diterpenes were a promising 
group of compounds that affect the feeding 
behavior of insect pests. These were isolated 
from various species of  Teucrium ,  Ajuga , and 
 Scutellaria  (family Labiatae) that also inhibit 
feeding in Lepidopteran larvae. Approximately 
150 neo-clerodanes have been isolated (Merritt 
and Ley  1992 ; Ortego et al.  1995 ), and among 
these, eriocephalin and teucvin were quite effec-
tive along with ajugarins isolated from  Ajuga 
remota  (Kubo et al.  1982 ,  1983 ; Pickett et al. 
 1987 ). Jodrellin-B, also reported from  Scutellaria 
woronowii , was the most active compound in this 
series, and scutalpin-C from  Scutellaria alpina 
javalambrensis  was very active against  S. littoralis  
(Munoz et al.  1997 ). It has been shown that satu-
ration of the dihydrofuran ring and addition of 
the tigloyl ester function at C-1 results in 
decreased activity (Anderson et al.  1989 ; Cole 
et al.  1990 ). Both clerodane and neo-clerodane 
group of diterpenoids are well known for their 
insecticidal (Camps and Coll  1993 ) and antifeed-
ant activities (Belles et al.  1985 ; Cole et al.  1990 ).  

6     Conventional Botanicals: 
Nicotine, Rotenones, 
Sabadilla, and  Pyrethrum  

 Besides traditional use of botanicals, their 
 commercial use began in the nineteenth century 
with the introduction of nicotine from  Nicotiana 
tabacum , rotenone from  Lonchocarpus  sp., derris 
dust from  Derris elliptica , and pyrethrum from 
 Chrysanthemum cinerariaefolium.  Nicotine, an 
alkaloid obtained from  Nicotiana tabacum , 
 N. rustica , and  N. glutinosa , is another well- 
established botanical insecticide. Nicotine 
 analogues like nor-nicotine and anabasine also 
possess insecticidal properties. Nicotine is active 
against piercing-sucking insects such as aphids, 

leafhoppers, whitefl ies, thrips, and mites 
(Dhaliwal and Koul  2007 ). However, due to high 
mammalian toxicity and detrimental effect on 
human health, its use as an insecticide has 
decreased considerably. 

 Rotenones, the fi rst-generation botanical pes-
ticides, have been extensively used in the past to 
control household and agricultural pests. Its use, 
however, had to be dispensed with due to high 
fi sh and/or mammalian toxicity. Rotenone is a 
naturally occurring chemical with insecticidal, 
acaricidal, and piscicidal properties. It is obtained 
from the roots of  Lonchocarpus  or  Derris . 
Although rotenone is the primary constituent in 
insecticides containing these preparations, a 
 second isofl avone, deguelin, also possesses simi-
lar biological properties (Dayan et al.  2009 ; 
Caboni et al.  2004 ). The use of  Derris  root pow-
der was fi rst patented in 1912. It is a selective, 
nonspecifi c insecticide, used in home gardens for 
insect control, for lice and tick control on pets, 
and for fi sh eradications as part of water body 
management. Rotenone is not very soluble in 
water and is used either as a dust or in an oil or 
kerosene solution. It exerts its toxic action by acting 
as a general inhibitor of cellular respiration. 

  Sabadilla alkaloid  derived from sabadilla 
( Schoenocaulon offi cinale  A. Gray) and a num-
ber of  Veratrum  species generally referred to as 
 Veratrum  alkaloids are also known for their insect 
control properties. The insecticidal activity of 
sabadilla comes from the alkaloid fraction, which 
constitutes 3–6 % of the extract. Two most impor-
tant lipophilic alkaloids in the extract have been 
identifi ed as veratridine and cevadine, the former 
being more insecticidal. The major effects of 
sabadilla poisoning include muscle rigor in mam-
mals and paralysis in insects. Its mode of action 
is similar to that of the pyrethroids and acts 
through disruption of nerve cell membranes caus-
ing loss of nerve function, an increase in the 
duration of the action potential, repetitive fi ring, 
and a depolarization of the nerve membrane 
potential due to effects on the sodium channel. 
Sabadilla alkaloids are labile and break down 
rapidly in sunlight. These are less toxic to mam-
mals than most other insecticides and are there-
fore safe to use. 

S. Walia et al.



303

 Pyrethrum, the most widely used botanical 
insecticide is extracted from the fl owers of 
 Chrysanthemum cinerariaefolium  (pyrethrum). It 
is highly effective against housefl ies, mosquitoes, 
fl eas, lice, and many other indoor arthropod 
pests. The toxins, namely, pyrethrins, cinerins, 
and jasmolins, have some unusual insecticidal 
properties, most striking being the immediate 
knockdown or paralysis on contact which causes 
most fl ying insects to drop almost immediately 
upon exposure (Casida and Quistad  1995 ). These 
compounds act both on the central nervous sys-
tem and in the peripheral nervous system causing 
repetitive discharges, followed by convulsions. 
Pyrethrins have low toxicity to vertebrates and 
have wide acceptance worldwide. Like most 
other natural pesticides, pyrethrins are labile, 
have limited stability under fi eld conditions, and 
are rapidly degraded by sunlight and heat. These 
are generally formulated with synergists such as 
piperonyl butoxide (PBO) to inhibit detoxifi ca-
tion and improve insect mortality. Natural 
 pyrethrins are considered as the best example of 
products manipulated in the laboratory to 
 discover highly effective synthetic pyrethroid 
group of insecticides. 

 Thus, successful use of traditional botanicals 
has aroused further interest on exploring plant 
biodiversity for new bioactive phytochemicals 
and extractives as possible source of pest control 
agents. Some of the recent developments are 
described as under.  

7     Isobutylamides 

 A large number of unsaturated isobutylamides 
have been isolated from fruits, stems, and leaves 
of various species of the genus  Piper  
(Piperaceae), which are known to have diverse 
insecticidal actions. These include  P. nigrum ,  P. 
acutisleginum ,  P. khasiana ,  P. longum ,  P. pedi-
cellosum , and 
 P. thomsoni  (Parmar and Walia  2001 ). Screening 
of other species of the genus points to numerous 
other potential sources of natural insecticides, 
such as  P. retrofractum  from Thailand,  P. 
guineense  from West Africa, and  P. tuberculatum  

from Central America (Isman  2001 ). Some of 
the active compounds include piperlonguminine, 
piperine, pipericide, dihydropipericide, and pel-
litorine. Recently pellitorine and 4,5-dihydrop-
iperlonguminine were extracted from the seeds 
of  Piper tuberculatum  Jacq., (Piperaceae) in 
yields of 6.10 and 4.45 %, respectively. The 
acute toxicity to the velvet bean caterpillar, 
 Anticarsia gemmatalis  (Hubner), of these com-
pounds was determined. The LD 50  and LD 90  val-
ues were 31.3 and 104 . 5 μg/insect, respectively, 
for pellitorine and 122.3 and 381 . 0 μg/insect for 
4,5-dihydropiperlonguminine (Navickiene et al. 
 2007 ). Being neurotoxic, these amides show 
both knockdown and lethal action against pyre-
throid susceptible and resistant insects. They are 
extremely unstable molecules but are toxic to a 
range of insect pests. The information on their 
environmental or mammalian toxicity is scanty, 
primarily because they are not yet commer-
cially available. Scott et al. ( 2003 ) demon-
strated that the amides present in the  Piper  
plants have higher toxicity when they are com-
bined in binary, tertiary, and quaternary mix-
tures, and it is also suggested that seed extracts 
of piper plants may be more  powerful than the 
isolated compounds (Navickiene et al.  2007 ). 

 According to Scott et al. ( 2003 ), the piperami-
des found in  Piper  species are bifunctional, as 
isobutyl amide functionality is combined with a 
methylenedioxyphenyl (MDP) moiety. In addi-
tion, the piperamides showed dual biological 
activities, being neurotoxic and also inhibitors of 
cytochrome P450 enzymes. Fortunately, the risk 
to human health is much reduced because the 
active components have had a safe history as 
food additives and spices (Scott et al.  2003 ). 
Miranda et al. ( 2003 ) evaluated the susceptibility 
of  Apis mellifera  L. to pellitorine and found LD 10  
values of 39.1 ng active ingredient/larva, and if 
LD 50  of pellitorine is compared with the velvet 
bean caterpillar (31 . 3 μg/insect), a value is 1,000 
times higher than the LD 10  for honeybee larvae. 
Thus, the honeybee larvae were shown to be 
highly susceptible to pellitorine. Further, evalua-
tion of the effects of piperamides on other nontar-
get organisms, such as the pests’ natural enemies, 
needs to be carried out.  
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8     Limonoids 

 Chemistry and use of neem in pest control is well 
documented (Isman  2006 ; Koul  1996 ,  2008 ; 
Koul and Wahab  2004 ; Randhawa and Parmar 
 2007 ; Schmutterer  2002 ). Within limonoid class, 
neem ( Azadirachta indica  A. Juss.) is an excel-
lent source of bioactive limonoids.    Neem plant 
constitutes number of bioactive compounds of 
which tetranortriterpenoids, C-secomeliacins, or 
limonoids are more predominant. Some of the 
potential compounds of this group include salan-
nin, desacetyl salannin (salannin group), nimbin, 
desacetyl nimbin, 4-epinimbin (nimbin group), and 
azadirachtinoids (azadirachtin group). Azadirachtin, 
a tetranortriterpenoid (C 26 -terpenoid), has received 
the utmost attention as bioactive molecule because 
of its relative abundance in neem seed kernel. 
It is a powerful insect antifeedant and growth- 
regulating substance and exhibits considerable 
promise as an insecticide (Schmutterer  1990 ). 
It can control 413 insect species from several 
orders (Singh and Saxena  1999 ). It inhibits feeding 
and growth of insects throughout a wide variety 
of insect taxa including Lepidoptera (Anarson 
et al.  1985 ; Barnby and Klocke  1987 ; Koul et al .  
 1987 ), Diptera (Miller and Chamberlain  1989 ), 
Orthoptera (Ascher et al .   1989 ; Champagne et al. 
 1989 ; Mordue et al.  1985 ; Rao and Subrahmanyam 
 1986 ), Hemiptera (Dorn et al .   1986 ; Garcia and 
Rembold  1984 ; Koul  1984 ; Redfern et al.  1982 ), 
and Hymenoptera (Rembold et al.  1984 ). The 
highest IGR activity is associated with 3- 
detigloylazadirachtin-B (LC 50,  0.08 ppm) followed 
by hydrogenated products, namely, dihydroaza-
dirachtin- B and dihydroazadirachtin-A, and the 
ethanol adducts 23-α-ethoxy-22,23-dihydroaza-
dirachtin- A       which were equally effective in 
exhibiting LC 50  of 0.74 and 0.52 ppm, respectively 
(Yamasaki and Klocke  1987 ). The antifeedant 
effects of azadirachtin-A are well known (Ascher 
 1993 ; Jacobson  1989 ; Mordue and Blackwell 
 1993 ; Schmutterer  1990 ). The discovery of anti-
feedant activity of neem seed kernel extract gave 
the momentum to investigate the plant thoroughly 
(Pradhan et al.  1962 ). Besides antifeedant, 
repellent, and insect growth regulatory activity, 

azadirachtin has properties like a partial reduction 
or complete inhibition of fecundity and/or egg 
hatchability, reduction of the life span of adults, 
insect sterilization, oviposition deterrence, ovi-
cidal, formation of deformed larvae, and molts 
between larval or nymphal instars giving rise to 
larval-pupal, nymphal-pupal, nymphal-adult, 
and pupal-adult intermediates (Ascher  1993 ). 
Azadirachtin is a common example of a natural 
plant defense chemical affecting feeding, through 
chemoreception (primary antifeedancy), that 
consists in the blockage of the input from recep-
tors that normally respond to phagostimulants or 
from stimulation of specifi c deterrent cells or 
both and through a reduction in food intake due 
to toxic effects if consumed (secondary antifeed-
ancy), where food intake is reduced after applica-
tion of azadirachtin in ways which bypass 
the mouthpart chemoreceptors (Mordue and 
Blackwell  1993 ). Growth regulatory effects was 
attributed to a disruption of endocrine events as 
the downregulation of hemolymph ecdysteroid 
level through the blockage of release of PTTH, 
prothoracicotropic hormone, from the brain-corpus 
cardiacum complex or to a delay in the appearance 
of the last ecdysteroid peak showing a complete 
molt inhibition. These groups of meliacins have 
effect on insect reproduction, leading to disrup-
tion of ovarian development, fecundity, and 
fertility and prevention of oviposition (Dorn 
et al.  1986 ). Female  S. exempta  when emerged 
from larvae topically treated with 0.01 and 0.1 μg 
azadirachtin exhibited reduced fecundity due to 
failure of many oocytes to mature (Tanzubil and 
McCaffrey  1990 ). 

 Dozens of studies have demonstrated the toxic-
ity of neem oils, oil cakes, extracts, leaves, roots, 
or root exudates against many species of nema-
todes (Akhtar and Mahmood  1996 ; Akhtar  1998 ; 
Akhtar and Alam  1991 ; Egunjobi and Afolami 
 1976 ). Devakumar and Goswami ( 1992 ) evaluated 
the nematicidal activity of eight C-secomeliacins 
including azadirachtins and found their LC 50  rang-
ing between 55 and 157 ppm. 

 Azadirachtin is highly photolabile, either 
breaking down or isomerizing under sunlight, 
which led to significant reduction in bioacti-
vity (Barnby et al.  1989 ). Short environmental 
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persistence is the major problem limiting its use 
in agriculture. Initially, research thrust was given 
toward the bioactivity of neem extracts against 
agriculturally important phytophagous pests. Once 
the potential of the extracts is proven, researches 
were targeted toward extraction of active mole-
cule, protocol of azadirachtin extraction, and its 
characterization. Huge potential of the molecule 
led to synthesis by 22 years of effort by Ley and 
his group at Imperial College, University of 
London, and later at Cambridge University, the 
synthesis of azadirachtin was completed in 71 
steps (Jauch  2008 ). The synthesis was fi nally com-
pleted in what is described as a relay method. 

 Biotechnological interventions have also been 
made for the production of insecticides from fi eld- 
grown plants (Akula et al.  2003 ; Prakash et al. 
 2005 ). Prakash and Srivastava ( 2007 ) have 
successfully developed scale-up procedure of 
 Azadirachta indica  suspension culture for azadi-
rachtin production in stirred tank bioreactor with 
two different impellers. The study recom-
mended the feasibility of large-scale azadi-
rachtin production in stirred tank bioreactors. 

 Limonoids from the  Melia azedarach  
 (chinaberry Meliaceae), and related species, in 
general showed different types of activities 
against insect pests (Champagne et al.  1992 ). 
 Melia  extracts possess insecticidal, acaricidal, 
and fungicidal properties, and some of the 
limonoids isolated are 21-α-acetoxymelianol 
(Ntalli et al.  2010 ), meliantriol, melianone, 
melianol (Lavie and Jain  1967 ), meliacin, meli-
acarpin (Li  1999 ), and meliartenin (Carpinella 
et al.  2003 ). The chinaberry fruit powder has 
been demonstrated as biofumigant to control  M. 
incognita- infested soil (EC 50 , 0.34 % w/w). The 
activity against root- knot nematode was attributed 
to the defatted methanol extract at EC 50 , 0.916 % 
w/w, which paralyzed half the population tested. 
The study further revealed that the nematicidal 
activity does not lay only on in its limonoids’ 
contents comprising of 3-α-tigloylmelianol, 
melianone, 21-β-acetoxy-melianone, methyl 
kulonate, etc. but in its organic acids, aldehydes, 
and alcohols as well. The foremost nematicidal 
principle, exhibiting activity similar to commer-
cial nematicide fosthiazate, has been identifi ed 

as furfurale (Ntalli et al.  2010 ). The compounds 
like meliatoxins have been recorded as potential 
compounds for pest control (Koul et al.  2002 ; 
Macleod et al.  1990 ). Similarly, toosendanin, an 
antifeedant limonoid from the bark of the 
trees  Melia toosendan  and  M. azadirachta  
(Meliaceae), has been subjected to considerable 
research as a botanical pesticide (Chiu  1989 ; 
Chen et al.  1995 ; Koul et al.  2002 ). Vertebrate 
selectivity of this compound is very favorable 
(LD 50  mice = 10 g/kg) (Isman  1994 ). Studies 
conducted on the antifeedant activity of the fruit 
extract against a variety of herbivore and granivo-
rous insects through choice and no-choice tests 
revealed that meliartenin and its interchangeable 
isomer 12- hydroxyamoorastatin inhibited feed-
ing of  Epilachna paenulata  Germ. Larvae (ED 50  
value of 0.80 μg/cm). The activity was compa-
rable to toosendanin (Carpinella et al.  2003 ). 
Azadirachtin was found to infl uence the head 
protein and metamorphosis development in 
 Helicoverpa armigera  Hub. (Neoliya et al. 
 2005 ,  2007 ; Neoliya and Singh  2005 ). 

  Citrus  species also contain the bitterness 
causative compounds, which belong to limonoid 
group; limonin is one of the potential known 
compounds. A few other  Citrus  limonoids, 
including nomilin, nomilinic acid, ichangin, and 
obacunoic acid, are also bitter. Among these, 
limonin    and nomilin are known to deter feeding 
in Lepidopterans and Coleopterans with variable 
effi cacies (Champagne et al.  1992 ). It appears 
that furan, and epoxide groups played a major 
role in the activity of these compounds. A possi-
ble role of C-7 is implied by the modest activity 
of the 7-hydroxylated de-epoxy system (Bentley 
et al.  1988 ). For instance, highly reduced activity 
of deoxyepilimonol against limonin demonstrates 
the above conclusion. In certain cases, the cyclo-
hexenone A ring and the  α -hydroxy enone group 
in the B ring appear to be important for antifeed-
ant activity. Also, the absence of 14–15 epoxides 
may not drastically reduce antifeedant activity 
(Govindachari et al.  1995 ). Some structural- 
activity relationships have also been drawn by 
preparing some semisynthetic deri vatives of 
 Citrus  limonoids, suggesting the potential of func-
tional groups for the activity (Ruberto et al .   2002 ). 

15 Phytochemical Pesticides



306

Chemical investigation of the diethyl ether 
extract of the stem bark of  Khaya ivorensis  
A Chev (Meliaceae) afforded ten limonoids 
of ango lensates, ring D-opened limonoids, and 
mexicanolides. Methyl angolensate and 
1,3,7-trideacetylkhivorin displayed the highest 
antifungal activity against  Botrytis cinerea  and 
inhibited 62.8 % and 64.0 % mycelial growth at 
1,000 mg/l and 73.3 % and 68.6 % mycelial 
growth at 1,500 mg/l. 3,7-Dideacetylkhivorin 
showed stronger antifungal and antibacterial 
activities than methyl 6-hydroxyangolensate 
against all of the test fungi and bacteria except 
 Penicillium expansum  Link and was reported for 
the fi rst time (Abdelgaleil et al.  2005 ). 

 Antifeedant activity of a mixture of limo-
noids 1,7-di- O -acetylhavanensin and 3,7-di- O- 
acetylhavanensin  isolated from seeds of  Trichilia 
havanensis  (Meliaceae) and  neo -clerodane diter-
pene, scutecyprol A, isolated from  Scutellaria 
valdiviana  (Lamiaceae) to fi fth instar larvae of 
the beet armyworm,  Spodoptera exigua , has been 
investigated. Choice and no-choice feeding 
assays, nutritional tests, and post-treatment stud-
ies indicated that scutecyprol A acts as an insect 
feeding deterrent against  S. exigua , whereas the 
antifeedant activity of mixture is likely associ-
ated with a toxic mode of action. The mixture of 
limonoids signifi cantly increased glutathione 
S-transferases during the treatment and post-
treatment periods, whereas esterases were inhib-
ited during the treatment period. On the contrary, 
scutecyprol A did not have any signifi cant effect 
on any of the enzymatic processes. Hence, the 
metabolic response of  S. exigua  larvae to the 
ingestion of the secondary metabolites tested 
depends on their mode of action (Caballero et al. 
 2008 ) suggesting that mixture of limonoids may 
play a role in pest control and resistance manage-
ment. Thus,  M. azedarach  fruit extract and its 
active principle have interesting potential for use 
in pest control programs.  

9     Saponins and Sapogenins 

 Plant saponins show a diverse range of biological 
activities. Irrespective of differences in their car-
bohydrate and aglycone structure, saponins as a 

class are characterized by their bitter taste, 
 foaming in aqueous solution, and hemolytic 
activity. The ability of the saponins to reduce sur-
face tension has been utilized in making emul-
sion stabilizers with results comparable with 
fatty acid salts. Saponins are divided into three 
major groups, triterpenic, basic steroidal, and ste-
roidal alkaloid saponins. The fungistatic action of 
several saponins and saponin fractions was tested 
on 15 species of plant pathogenic fungi. The 
study revealed that  Sclerotinia fructicola ,  C. pur-
purea ,  Trichothecium roseum , and  Pyricularia 
oryzae  were most sensitive to the saponins, while 
 Botrytis allii ,  Alternaria solani ,  Coniophora cer-
ebella ,  R. solani , and  Fusarium  species were 
resistant. Some of the steroidal saponins such as 
asparanins I and B isolated from  Asparagus 
adscendens  (Roxb.) and triterpenic saponins iso-
lated from  Albizia chinensis  and  Acacia concinna  
pods exhibited nematicidal activity against the 
root-knot nematode,  Meloidogyne incognita  
(Meher et al.  1988 ). Interestingly, saponins with 
more sugar units in the glycon moiety were less 
active than those with fewer sugar units. 
Medicagenic acid (XII) and several of its 
 glycosides are present in the roots of alfalfa 
( Medicago sativa  L.) and exhibit fungicidal 
 properties. Alfalfa meal has been shown to con-
trol avocado root rot caused by  Phytophthora 
cinnamomi  Rands and several other plant patho-
gens (Oleszek et al.  1992 ). Saponins of this type 
are believed to exert their effects by interacting 
with membrane sterols, proteins, and phospholip-
ids. Bioassay- directed fractionation led to the 
isolation of fi ve bioactive oleanolic acid saponins 
from the roots of  Viguiera decurrens  (Marquina 
et al.  2001 ). Of these, saponin-IV with two sugar 
substitution in two sites showed  signifi cant insec-
ticidal activity (LC 50  value 80 μg ml −1 ) against 
 Epilachna varivestis . Tomatine and solanine, the 
steroidal alkaloid  glycosides from  Solanum 
tuberosum  and  Lycopersicon esculentum , and 
their aglycone tomatidine and solanidine exhibit 
antifeedant properties (Dahlman and Hibbs 
 1967 ). These compounds are attracting renewed 
interest because of their arthropod resistance and 
 interesting insecticidal and nematicidal action. 
Triterpenic saponins extracted from  Diploknema 
butyracea  ( Madhuca indica ) and  Sapindus 
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mukorossi  (soap nut) have been reported to 
exhibit insect feeding deterrent and insect regula-
tory activity (Saha et al.  2010a ). These com-
pounds also exhibit plant growth stimulant 
activity (Saha et al.  2010b ). Structure-biological 
activity relationships in triterpenic saponins and 
the relative activity of protobassic acid and its 
derivatives against plant pathogenic fungi and 
synergistic/potentiation interaction between 
nematostatic constituents from  Azadirachta 
indica  (neem) and phytochemicals from 
 D. butyracea  and  S. mukorossi  have been well 
established (Saha et al.  2010c ).  

10     Naphthoquinones 

 The biological activity of substituted-1,4- 
naphthoquinones was fi rst reported by Fieser et al. 
( 1948 ). Lapachol obtained from the wood extract 
of  Tabebuia serratifolia  (Bignoniaceae) showed 
antifungal activity (Velasquez et al.  2004 ). The 
compound was found to be more active 
(LC 50  = 20.8 ppm) against the larvae of  Aedes 
aegypti  than the amine derivatives (LC 50  = 242.6–
899.4 ppm) obtained from an ethanolic bark 
extract of  T. serratifolia  (Oliviera et al.  2002 ). Two 
active principles from the Chilean plant, 
 Calceolaria andina  (Scrophulariaceae), related to 
the familiar garden “slipper” plants have been 
identifi ed as hydroxynaphthoquinone and its ace-
tate, designated as BTG 505 and BTG 504, which 
are effective against a range of commercially 
important pests including the tobacco whitefl y, 
 Bemisia tabaci ; aphids; and the two- spotted spider 
mite,  Tetranychus urticae  (Khambay et al.  1999 ). 
These compounds have been characterized as 2-(1, 
1-dimethylprop-  2-enyl)-3-hydroxy-1,4-
naphthoquinone and the corresponding acetate, 
2-acetoxy-3-(1,1-dimethylprop- 2-enyl)-1, 4-naph-
thoquinone. Their activities against 29 pest species 
and 9 benefi cial species of arthropod from a total 
of 11 orders have been determined. No cross-resis-
tance has been observed for strains resistant to 
established classes of insecticide. The mamma-
lian toxicity of this compound is also low. These 
compounds offer opportunities both as lead struc-
tures for analogue synthesis (Khambay et al. 
 1997a ) and as new botanical pesticides (Khambay 

et al.  1997b ; Khambay et al.  1999 ) exhibiting low 
mammalian toxicity unlike other naphthoqui-
nones. The primary mode of action in insects is 
by inhibition of complex III of the mitochondrial 
respiratory chain (Khambay and Jewess  2000 ). 
The insecticidal and fungicidal properties of dun-
nione (a known naphthoquinone) with natural 
BTG 505 have been compared (Khambay et al. 
 2003 ). Although dunnione showed practically no 
activity against the housefl y,  Musca domestica , 
the whitefl y  B. tabaci , the beetle  Phaedon cochle-
ariae , or the spider mite  T. urticae  unlike BTG 
504 and BTG 505, dunnione has an unusually 
broad spectrum of antifungal activity. The mode 
of action of dunnione is primarily through initia-
tion of redox cycling, whereas BTG 505 acts by 
inhibiting mitochondrial complex III (Khambay 
et al.  2003 ).  

11     Rocaglamides 

 The genus  Aglaia  consisting of some 130 species 
widely distributed in the Indo-Malaysian region 
(Nugroho et al.  1999 ) has attracted considerable 
attention in the past decade as a possible source 
of bioactive natural products. Phytochemical 
investigations of  Aglaia  have revealed the pres-
ence of rocaglamides (Ishibashi et al.  1993 ; 
Proksch et al.  2001 ), aglains (Bacher et al.  1999 ), 
bisamides (Brader et al.  1998 ), triterpenes (Weber 
et al.  2000 ), and lignans (Wang et al.  2004 ) with 
interesting biological activities. Rocaglamide 
derivatives feature a cyclopentatetrahydrobenzo-
furan skeleton and have been shown to have 
strong insecticidal activity of which some deriva-
tives showed activity comparable to azadirachtin 
against neonate larvae of  Spodoptera littoralis , 
 Ostrinia  species, and the gram pod borer, 
 Helicoverpa armigera  (Brader et al.  1998 ; 
Gussregan et al.  1999 ; Koul et al.  2004a ; Nugroho 
et al.  1997a ,  b ,  1999 ). The insecticidal mode of 
action of rocaglamides results from the inhibition 
of protein synthesis, explaining the long time-to- 
death in treated insects (Satasook et al.  1993 ). 
The insecticidal activity of rocaglamides can be 
attributed to the presence of the furan ring system 
since the closely related aglains, possessing a 
pyran ring, are devoid of insecticidal activity 
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(Nugroho et al.  1999 ). Acylation of the OH group 
at C-1 caused a reduction of insecticidal activity 
in neonate larvae of  S. littoralis  compared with 
other rocaglamide derivatives with a hydroxyl 
substituent isolated from the twigs of  A. duper-
reana  (Nugroho et al.  1997a ). There is a decline 
in insecticidal activity for rocaglamide deriva-
tives featuring an unsubstituted C-2 in contrast 
with analogues possessing an amide or carbox-
ylic substituent at this position. A similar trend 
has been noted in other rocaglamide derivatives 
isolated from  A. odorata  (Gussregan et al.  1999 ; 
Nugroho et al.  1999 ) and  A. elliptica  (Nugroho 
et al.  1997b ). Substitution of a hydroxy group 
with the methoxy group at C-8b resulted in a 
complete loss of activity in compounds that were 
isolated from roots of  A. duperreana  (Chaidir 
et al.  1999 ), showing the importance of the OH 
group at C-8b. Among the various botanicals 
isolated from  Aglaia odorata ,  A. elliptica , and 
A . duperreana  (Meliaceae), rocaglamide is the 
most effective (EC 50  = 0.8 ppm). It is slightly more 
potent than azadirachtin (EC 50  = 1.0 ppm) against 
some insect species  ( Janprasert et al .   1993 ).  

12     Polyol Esters 

 Polyol esters are known for their diverse pest 
control and other biological properties. Some of 
these products have been comprehensively 
 discussed (Dev and Koul  1997 ; Koul  2005 ). The 
powdered root bark of Chinese bittersweet 
( Celastrus angulatus ) is traditionally used in 
China to protect plants from insect damage. 
An insect antifeedant celangulin with two possi-
ble structures 1 and 2 has been reported from this 
plant. This non-alkaloidal sesquiterpene polyol 
ester has a dihydroagarofuran skeleton 
with seven hydroxyl functions, fi ve of which 
are  acylated, one benzoylated, and one free 
(Wakabayashi et al.  1988 ). Insecticidal alkaloids 
with α, α-dehydroagarofuran skeleton such as 
wilfordine from  Tripterygium wilfordii  (Yamada 
et al.  1978 ) and wilforine alkaloid from  Maytenus 
rigida  as insect antifeedant (Delle-Monache 
et al.  1984 ) have also been reported. Some ter-
penes particularly the spirocaracolitones isolated 

from Rutales were effective antifeedants (Omar 
et al .   2007 ). The antifeedant and insecticidal 
activity of these polyol esters against  Pieris 
rapae  and  Ostrinia furnacalis  (Guenee) has been 
attributed to the ester moieties attached to the 
decalin  portion of the molecule (Koul and Walia 
 2009 ). 

 From the seed oil of  Euonymus bungeanus , 
three sesquiterpene polyol esters, namely, 6-1,2-
diacetoxy- 1β,2β,9α-tri(β-furancarbonyloxy)-4α-
hydroxy- β-dihydroagarofuran, 6α-1,2-diacetoxy-
1β,9α-di(β-furancarbonyloxy)-4α-hydroxy-2β-2-
methylbutanoyloxy-1β-2- methyl butanoyl-β-
dihydroagarofuran, and 6α-1,2-diacetoxy-
2β,9α-di(β-furancarbonyloxy)-4α-hydroxy-1β-2-
methylbutanoyl-1β-dihydroagarofuran, have 
been reported (Tu et al.  1990 ). Two compounds, 
6α-1,2-diacetoxy-1β,9α- di(β-furancarbonyloxy)-
4α-hydroxy-2β-2-methylbutanoyl oxy-1β-2-methyl 
butanoyl-β-dihydroagarofuran and 6α-1,2-
diacetoxy- 2β,9α-di(β-furancarbonyloxy)-4α-
h y d r o x y -  1 β - 2 - m e t h y l b u t a n o y l - 1 β -
dihydroagarofuran, were antifeedants against 
 Pieris rapae . The antifeedant and insecticidal 
activities of these polyol esters have been attrib-
uted to the ester moieties attached to the decalin 
portion of the molecule. Veratridine and ceva-
dine, the bioactive alkaloidal constituents of 
sabadilla ( Schoenocaulon offi cinale ), are 
among the most potent natural product insecti-
cides. The signifi cance of acyl moiety in these 
compounds was emphasized when protoveratrine 
A and B were found to be active (Ujvari et al. 
 1991 ). The insecticidal activity was however sig-
nifi cantly reduced when these esters were hydro-
lyzed to corresponding veracevine and ryanodol 
suggesting the importance of ester functions 
in the bioactive alkaloid or terpene polyester 
molecules. 

 Plant glucose and sucrose esters occur natu-
rally in leaf cuticular waxes of wild  tobacco 
Nicotiana gossei  and several other solanaceous 
plants. These esters are composed of lower fatty 
acids (C-2 to C-10) and have been found to be 
toxic to the tobacco aphid,  Myzus nicotianae , and 
the greenhouse whitefl ies,  Trialeurodes vaporar-
iorum  and  Bemisia argentifolii . Sucrose and glu-
cose esters being thick and sticky have an 
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apparent role in the entrapment of insects that 
become physically tapped in the sticky trichome 
exudates (Burke et al.  1987 ). If present in suffi -
ciently large quantities, these esters immobilize 
the small and tender insects like aphids and 
whitefl ies, causing mortality. Phytochemical 
investigations of a large number of  Nicotiana  
species have resulted in the isolation of a variety 
of glucose esters (Matsuzaki et al.  1989a ,  b ). The 
esters isolated from  N. bigelovii  was identifi ed as 
2,3,4-tri- O -acyl-α,β- D -glucopyranose. The fatty 
acid moieties located at 2, 3, and 4 positions con-
sisted of acetic acid, methylpropionic acid, 
2-methylbutanoic acid, 3-methylpentanoic acid, 
and/or 4-methylpentanoic acid. Glucose esters of 
3-nitropropanoic acid, karakin, coronarian, and 
cibarian, isolated from  Coronilla varia ,  Lotus 
pedunculatus , and few other plants, were found 
toxic to larvae of  Costelytra zealandica  (white 
grass grub). At 1 % dose, 70, 55, and 75 % mor-
tality were observed for coronarian, cibarian, and 
karakin, respectively (Hutchins et al.  1984 ). Acyl 
sugars deterred the green peach aphid  Myzus per-
sicae  (Sulzer) from feeding on  Solanum ber-
thaultii  (Lapointe and Tingey  1984 ; Neal et al. 
 1990 ) and on  Lycopersicon pennellii  (Correll), a 
wild relative of the cultivated tomato (Goffreda 
et al.  1989 ). The triacylated glucose esters 
extracted from  N. bigelovii  and  N. miersii , tet-
raacylated glucose esters from  N. miersii , and 
three sucrose esters isolated from  N. umbratica  
caused severe root damage and inhibited shoot 
growth of barnyard grass,  Echinochloa crusgalli  
above 5  ×  10 −3  M concentration (Matsuzaki et al. 
 1989a ,  b ,  1991 ). Severson et al. ( 1985 ) reported 
the occurrence of a series of sucrose esters in the 
cuticular waxes of the tobacco leaves in which 
only the glucose moiety was substituted at the 
C-6 position with an acetate group and at C-2, 
C-3, and C-4 positions with either methylvaleryl, 
isovaleryl, isobutyryl, methylcaproyl, butyryl, 
valeryl, caproyl, or propionyl moieties. The 
major bioactive constituent was identifi ed as 
6- O -acetyl-2,3,4-tri- O -(β-methylvaleryl)-
sucrose (Severson et al.  1985 ; Einolf and Chan 
 1984 ). Bioassay-guided approach led to the isola-
tion of two new sucrose esters from  N. glutinosa  
(Matsuzaki et al.  1988 ), which differed from the 

ones reported by Severson et al. ( 1984 ) in the 
position of acetyl moiety (C-3′) on the fructose 
ring and other acyl moieties in the glucose ring. 
These were identifi ed as (2,3,4-tri- O -acyl)-α-d - 
glucopyranosyl-(3- O -acetyl)-β-d - fructofuranoside 
and (2,3,4-tri- O -acyl)-α- D -glucopyranosyl-β-d - 
fructofuranoside   . In another signifi cant study, 
three sucrose esters were isolated from the surface 
lipids of leaves of  N. cavicola  (Ohya et al.  1994 ). 
The common features found in all three sucrose 
esters were the presence of one acetyl residue at 
fructose ring and free hydroxyl groups at 2 and 3 
positions of glucose ring. These sugar esters were 
different from those reported from  N. tabacum  
and  N. glutinosa ,  N. umbratica , and  N. benthami-
ana  in terms of their ester positions and fatty acid 
composition. 

 The presence of glucose and sucrose esters 
has also been reported from leaves of tomato 
(Burke et al.  1987 ), wild tomato and potato spe-
cies (King et al.  1987 ,  1988 ; Neal et al.  1990 ), 
and petunia (Kays et al.  1994 ). The insecticidal 
sucrose esters in  Nicotiana gossei , a wild rela-
tive of tobacco, show considerable plant toxicity 
against the greenhouse whitefl y (Neal et al. 
 1994 ; Severson et al.  1985 ). Insecticidally active 
sugar esters isolated from the leaf surface of 
 N. gossei  have been identifi ed as 2,3-di- O -acyl-
6′- O -acetyl sucrose and 2,3-di- O -acyl-1′,6′-
diacxetylsucrose (Buta et al.  1993 ) and the 
two glucose esters as 1- O -acetyl- 2,3-di-
 O -acylglucose and 2,3-di- O -acylgucose 
(Severson et al.  1994 ). The acyl group in these 
compounds is mainly 5-methylhexanoyl-5- 
methoxyheptanoyl. Sucrose esters isolates 
from  N. plumbaginifolia ,  N. gossei ,  N. palmerii , 
 N. cavicola ,  N. amplexicaulis , and  N. langs-
dorfi i  showed potent antibacterial activity 
(Chortyk et al.  1993 ). The apparent structure-
activity relationship studies revealed that high 
carbon-chain acyl groups were associated with 
increased activity. 

 Sugar esters reportedly disrupt the integrity 
of cellular membranes and uncouple oxidative 
phosphorylation, similar to the action of insecti-
cidal soaps. According to Puterka and Severson 
( 1995 ), sugar esters disrupt the structure of the 
insect cuticle. It has been stated that leaf surface 
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moisture and ambient relative humidity affects 
the effi cacy of  Nicotiana gossei  sugar esters. 
For example, the application of hygroscopic 
materials such as humectants at the site of 
application improve the toxicity of natural 
sugar esters from  N. gossei  and other  Nicotiana  
species as well as certain synthetic sugars against 
tobacco aphids (Xia et al.  1997a ,  b ). Certain 
sugar esters have also been synthesized (Chortyk 
and Nottingham  1995 ; Chortyk et al.  1996 ) for 
possible use against whitefl y and other soft-
bodied arthropod pests damaging agricultural 
products.  

13     Acetogenins 

 The tropical plant family Annonaceae despite of 
its relatively large size is chemically one of the 
least explored. The discovery of uvaricin in 1982, 
the fi rst of the acetogenins, as an in vivo active 
antileukemic (P-388) agent, invigorated wide 
interest in this family. Annonaceous acetogenins 
are a class of polyketide natural products found 
in plants of the family Annonaceae. These are 
derived from C-32/C-34 fatty acids that are com-
bined with an isopropanol unit. They are usually 
characterized by a long aliphatic chain bearing a 
terminal methyl-substituted α,β-unsaturated 
γ-lactone ring (sometimes rearranged to a keto-
lactone) with one, two, or three tetrahydrofuran 
(THF) rings located along with the hydrocarbon 
chain studded with a number of hydroxyl, ace-
toxyl, ketones, epoxides, and/or double bonds 
function. Bioactive acetogenins such as annonins 
and related compounds, namely, squamocin, 
asimicin, annonacins, and cohibinsin, occur 
widely in twigs and branches, unripe fruits, and 
seeds of several  Annona  (custard apple )  species 
(Annonaceae). Entire group of annonaceous ace-
togenins has been patented as pesticide in which 
asimicin was claimed as a structurally defi ned 
pesticidal acetogenin (Parmar and Walia  2001 ). 
Johnson et al. ( 2000 ) have isolated hundreds of 
acetogenins from the Annonaceae and found 
their value as insecticides. Isman ( 2006 ) has 
demonstrated that crude ethanolic extracts or 
even aqueous extracts of seeds from  A. squamosa  

collected at several sites in eastern Indonesia 
were effective against the diamondback moth, 
 Plutella xylostella . Natural products from the 
plants of the family Annonaceae, collectively 
called Annonaceous acetogenins, are potent 
inhibitors of the NADH-ubiquinone reductase 
(Complex I) activity of mammalian mitochon-
dria. Comparison of some acetogenins with rote-
none and piericidin indicated that rolliniastatin-1 
and rolliniastatin-2 are more powerful than pieri-
cidin in terms of both their inhibitory constant 
and the protein dependence of their titer in bovine 
submitochondrial particles. Squamocin and oti-
varin, contrary to the other acetogenins, behave 
qualitatively like rotenone (Esposti et al.  1994 ). 
Acetogenins are slow stomach poisons, particu-
larly effective against chewing insects such as 
lepidopterans and the Colorado potato beetle, 
 Leptinotarsa decemlineata . Annonaceous aceto-
genins and/or their crude extracts can thus be 
employed as safe, effective, economical, and 
environmentally friendly pesticides with an 
emphasis on the home garden, ornamental, 
greenhouse, and produce markets, pending regu-
latory approval.  

14     Light-Activated Botanicals 

 Toxicity of some of the phytochemicals is 
increased following their exposure to light radia-
tions. Such light-activated phototoxins like sub-
stituted acetylenes, thiophenes, acetylenic 
thiophenes, quinones, furanocoumarins, and 
related compounds exhibit signifi cant pest con-
trol properties. For example, oil of the desert 
plant  Artemisia monosperma  has been reported 
to contain a phototoxin 3-methyl-3-phenyl-
1,4-pentadiyne which under light-induced condi-
tions has been found to be as active as DDT 
against the housefl y  Musca domestica  and cotton 
leafworm  S. littoralis  larvae. Random screening 
of  A. pontica  yielded an acetylenic epoxide, 
namely, ponticaepoxide, which when applied to 
the mosquito larvae under UV light exhibited 
LC 50  of 1.47 ppm (Marchant and Cooper  1987 ). 
α-Terthienyl (αT) is found in abundance in the 
fl oral, foliar, and root extracts of  Tagetes minuta . 
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It has been demonstrated that irradiation of 
α-terthienyl with near UV light generates a 
reactive singlet oxygen species responsible for 
enhanced nematicidal activity (Chan et al. 
 1975 ; Bakker et al.  1979 ). Under nonirradiated 
conditions, it exhibited low toxicity to  Aedes  
mosquito larvae, and the activity was substan-
tially increased upon irradiation by near UV 
light. An acetylenic thiophene 5-(3-buten-1ynyl)-
2,2- bithienyl isolated from  Tagetes  roots not only 
exhibited nematicidal activity but also showed 
insecticidal activity against several herbivorous 
insects such as  M. sexta  and  P. rapae  and mos-
quitoes like  Aedes aegypti . Under photosensitiz-
ing conditions, α-T is more toxic (LC 50  = 20 ppb) 
to  A. aegypti  larvae than malathion (LC 50  = 62 ppb) 
and less toxic than chlorpyrifos (LC 50  = 1 ppb) 
and temephos (LC 50  = 3 ppb). Matricaria ester 
and  cis -dehydromatricaria ester, the two poly-
acetylenic compounds, have been found to be 
ovicidal to freshly laid eggs of the fruit fl y. Under 
the infl uence of UV light, its activity was dramat-
ically enhanced. Similarly 2-(non-1-en-3,5,7- 
trinyl) furan exhibited excellent mosquitocidal 
activity against  Aedes aegypti  larvae exhibiting 
LC 50  of 0.079 ppm under UV light (Uhlenbroek 
and Bijloo  1959 ; Kawazu et al.  1977 ). 

 Photoactivated natural toxins generally oper-
ate by two modes of action. Phototoxin fi rst 
absorbs light and generates activated species of 
oxygen. In one action, the excitation energy is 
transferred to molecular oxygen to produce 
highly reactive singlet oxygen superoxide, hydro-
peroxide, or hydroxyl radicals through electron 
transfer mechanisms, which ultimately damage 
important biomolecules (Arnason et al.  1983 ). 
The other mode of action is photogenotoxic and 
cause damage independently of oxygen by react-
ing directly with DNA (Towers  1984 ; Berenbaum 
 1987 ). Since the mode of action of phototoxins is 
quite different from the conventional synthetic 
pesticides, there is no likelihood of cross- 
resistance to conventional larvicides such as mal-
athion (Hasspieler et al.  1988 ). However, 
light-induced toxicity to vertebrates and its pos-
sible effects on nontarget organisms need further 
study before these are considered as an alterna-
tive to current mosquito larvicides.  

15     Miscellaneous 
Phytochemical Pesticides 

 Antifungal activity of phytochemicals such as 
cinnamaldehyde against  Verticillium fungicola , 
 Rhizoctonia  sp.,  Pythium  sp.,  Sclerotinia homoeo-
carpa , and  Fusarium moniliforme  and a combi-
nation of  L -glutamic acid and γ-aminobutyric 
acid against powdery mildew explains the poten-
tial of plant products in fungal pathogen control 
(Copping and Duke  2007 ). Antifungal activities 
of natural substances from  Eucalyptus dalrym-
pleana ,  E. globulus ,  E. gunnii , and  E. urnigera  
were evaluated against postharvest pathogens of 
kiwifruits,  Botrytis cinerea ,  Botryosphaeria 
dothidea , and  Diaporthe actinidiae . Eucalyptus-
derived phenolics such as gallic acid were found 
to be effective in checking mycelial growth and 
spore  germination of  B. cinerea  at relatively 
high concentrations. The results suggest that gal-
lic acid can be a safer and more acceptable alter-
native to current synthetic fungicides controlling 
soft rot decay of kiwifruit during postharvest 
storage (Oh et al.  2008 ). Three different sesqui-
terpene lactones, namely, hydroxyachillin from 
 Artemisia lanata , parthenolide from  Magnolia 
grandifl ora , and dehydrocostus lactone and 
costunolide from  Costus  resin oil, have been 
reported to possess fungicidal activity (Wedge 
et al.  2000 ). 

 Plant secondary metabolites are also a poten-
tial source for new herbicides (Devine et al.  1993 ; 
Duke  1990 ; Copping  1996 ; Vyvyan  2002 ) and 
offer new modes of action, more specifi c interac-
tions with weeds, and less harmful to the environ-
mental. For example, mesotrione (Duke et al .  
 2000 ; Mitchell et al.  2001 ) was basically derived 
from a natural compound leptospermone obtained 
from the roots of  Callistemon citrinus . Juglone 
from walnut trees has been found effective 
against redroot pigweed, velvet leaf and barnyard 
grass. Dhurrin from sorghum, gallic acid from 
spurge, trimethylxanthine from coffee, and cinch 
from  Eucalyptus  are some other important plant 
products having potential herbicide activity 
(Narwal et al.  1999 ). Aqueous extract of kava 
roots showed high allelopathic potential and has 
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suppressed germination and growth of lettuce, 
radish, barnyard grass, and monochoria. 

    Out of the nine kava root lactones, six com-
pounds namely desmethoxyyangonin, kavain, 
7,8-dihydrokavain, yangonin, methysticin, and 
dihydromethysticin showed great herbicidal 
and antifungal activities. The growth of lettuce 
and barnyard grass was signifi cantly inhibited at 
1–10 ppm, and four plant fungi, namely, 
 Colletotrichum gloeosporioides ,  Fusarium 
solani ,  Fusarium oxysporum , and  Trichoderma 
viride , were signifi cantly inhibited at 10–50 ppm. 
This study suggested that kava lactones may be 
useful for the development of bioactive herbi-
cides and fungicides (Xuan et al.  2006 ). Similarly, 
allelochemicals from  Lantana camara  against 
aquatic weeds  Eichhornia crassipes  and 
 Microcystis aeruginosa  have been shown to 
inhibit their growth, and the compounds respon-
sible belong to pentacyclic terpenoids, lantad-
enes A and B (Kong et al.  2006 ). In general, it is 
observed that the mixture of plant extracts with 
compounds appears to be more toxic than indi-
vidual compound due to synergistic, potentiating, 
and/or additive effects of the constituents 
(Hummelbruner and Isman  2001 ; Koul et al. 
 2003 ,  2004b ,  c ). Such mixtures show interactions 
for longer duration of time (Akhtar and Isman 
 2003 ; Chockalingam et al.  1990 ). Many medici-
nal and aromatic plants and their active com-
pounds have been found to possess antifeedant, 
repellant, insecticidal, and insect growth regula-
tory activities and are used in integrated pest 
management (Tripathi et al.  1990 ; Singh and 
Mehta  1998 ; Singh et al.  2001 ,  2003 ; Raguraman 
and Singh  1997 ; Tripathi et al.  1987 ; Tripathi 
and Singh  1994 ; Singh  1996 ,  1998 ,  2005 , 
 2006 ; Anshul et al.  2013 ). Himachalol and 
β-himachalene derived from the cheapest essen-
tial oil of Cedrus deodara Roxb. have been found 
as insecticidal principles against housefl y and 
adzuki bean beetles (Singh and Agrawal  1988 ).  

16     Commercial Potential 

 Among the traditional botanicals, pyrethrum, 
neem, rotenone, sabadilla, ryania, and nicotine are 
registered products for use in different countries. 

Several azadirachtin-based insecticides are sold in 
the United States, and pyrethrum, rotenone, and 
nicotine are registered products in Canada. In 
Europe, pyrethrum, neem, rotenone, and nicotine 
are allowed; however, there is variation in regis-
tration protocols in different European countries. 
In Asia, India leads in the use of botanicals where 
a number of products are registered under provi-
sional registration. Among the latest commercial 
botanicals, neem-based products seem to have 
good future. However, apart from neem, some 
more botanicals have demonstrated their antifeed-
ant effi cacy in the fi eld. Application of polygodial 
or methyl salicylate has shown that aphid popula-
tions are reduced with concomitant increases in 
yields of winter wheat and in one case comparable 
to that achieved with the  pyrethroid insecticide 
cypermethrin (Pickett et al.  1997 ). 

 In the United States, commercial development 
of insecticides based on plant essential oils has 
been greatly facilitated by exemption from 
 registration for certain oils commonly used in 
processed foods and beverages (Quarles  1996 ). 
Several essential oil-based insecticides, fungi-
cides, and herbicides using rosemary oil, clove 
oil, and thyme oil as active ingredients have been 
developed particularly for control of greenhouse 
pests and diseases and for control of domestic 
and veterinary pests (Koul et al.  2008 ). 
EcoSMART Technologies has introduced insec-
ticides containing eugenol and 2-phenethyl pro-
pionate aimed at controlling crawling and fl ying 
insects, under the brand name EcoPCO®. Hexa- 
Hydroxyl®, a synergistic blend of plant oils 
effective against a broad spectrum of pests, has 
also been developed. An insecticide/acaricide 
containing rosemary oil as the active ingredient 
has also been introduced for use on horticultural 
crops under the name EcoTrol TM . Another rose-
mary oil-based fungicide is sold under the name 
Sporan TM , while a formulation of clove oil sold as 
Matran TM  is used for weed control. Several 
smaller companies in the United States and the 
United Kingdom have developed garlic oil- and 
mint oil-based pest control products for home 
and garden use. Menthol has been approved for 
use in North America for the control of tracheal 
mites in beehives, and a product produced in Italy 
(Apilife VAR TM ) containing thymol, cineole, 
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menthol, and camphor is used to control  Varroa  
mites in honeybees. Israel start-up Botanocap is 
developing a slow-release technology for essen-
tial oils to make relatively environmentally 
friendly pesticides. The company has developed 
a patented technology for the gradual release of 
essential oils and natural components. It pos-
sesses patents on capturing essential oils in cap-
sules to achieve the delayed release effect. 

 Additional challenges to commercialize 
plant- based pesticides include nonavailability of 
suffi cient quantities of plant material, standard-
ization and refi nement of pesticide products, and 
regulatory approval (Isman  2005 ). In addition, as 
the chemical profi le of plant species can vary 
naturally depending on geographic, genetic, 
 climatic, annual, or seasonal factors, pesticide 
manufacturers must take additional steps to ensure 
that their products will perform consistently. 
Finally, once all of these issues are addressed, 
regulatory approval will continue to be a barrier 
until commercial products satisfy the regulatory 
systems. If used indiscriminately, these may 
also result in the development of  resistance to 
insect pests and diseases. Regulatory mecha-
nism remains the most formidable barrier for 
commercialization. In many jurisdictions, no 
distinction is made between synthetic pesti-
cides and biopesticides, including botanicals. 
Regulatory mechanism therefore needs to be 
developed for safety, quality control, and develop-
ment of biosafety standards for botanicals.  

17     Conclusion 

 Natural products have historically been used in 
numerous applications for the control of pests 
infesting agricultural crops. However, inadequate 
availability of raw materials, problems in large- 
scale production, poor shelf life, diminished 
 residual toxicity under fi eld conditions, and non-
availability of reliable standards are some of the 
constraints cited as major impediments to their 
commercialization. Aside from the inherent chem-
ical complexity, natural products have insuffi cient 
potency or inadequate specifi city to act as leads for 
synthesis. Simply because a compound is a natural 
product does not automatically ensure that it is 

safe as most of the toxic mammalian poisons are 
natural products and many of them are plant prod-
ucts. Before recommending for pest control, such 
products must be assessed for their environment 
safety and toxicity to mammals and nontarget 
organisms. So far, crude natural product mixtures 
have been used as natural pesticidal preparations. 
In the present regulatory climate, it is mandatory 
to establish the chemical profi le of bioactive con-
stituents in such products. Concerns have also 
been raised about the possible development of 
resistance in insects that feed on such plants. 
Several pertinent issues relating to human and 
environment safety, cost-effective production, sta-
bilization for improved fi eld persistence, enhance-
ment of pesticidal spectrum for sustained effi cacy, 
and development of new and improved techniques 
for their analysis and quality control require seri-
ous attention. The potential of synthetic modifi ca-
tion to improve upon a natural product or a lead 
molecule has been demonstrated successfully in 
the past with the discovery of synthetic analogues 
with improved activity and enhanced stability. 
Such fascinating developments shall continue to 
emphasize the importance of natural products as 
important sources for developing new agricultural 
chemicals for use in pest control.     
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    Abstract  

  Most of the chemical insecticides are neurotoxic, acting on targets in the 
central nervous system such as the membrane ion channels (DDT, pyre-
throids), the enzyme acetylcholinesterase (organophosphate, carbamate), 
and the receptors of neurotransmitters (avermectins, neonicotinoids). The 
recently introduced diamide group of insecticides target the novel ryano-
dine receptor in the nervous system. Since pests continue to evolve resis-
tance to compounds currently in use, new compounds with new modes of 
action are needed. Natural products could be a promising source for novel 
pest control agents. The origin of many of the important insecticide classes 
is traceable to a natural source as in the case of pyrethroids, avermectins, 
spinosads, and neonicotinoids. Although insect control agents acting on 
targets other than the nervous system such as insect growth regulators 
(e.g., azadirachtin, JH analogues, ecdysone antagonists) have been devel-
oped, due to their lack of contact toxicity, they are not quite successful, but 
fi nd a place in the integrated pest management. Recent progress in under-
standing the biology of insect olfaction and taste offers new strategies for 
developing selective pest control agents. Decalesides, recently discovered 
natural insecticides, represent a new class of plant-derived insecticides tar-
geting the tarsal gustatory receptors. In this chapter, we focus on the toxic-
ity and mode of action of natural insecticides.  
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1         Introduction 

 The serious problems of insecticide resistance in 
pests and the contamination of the biosphere asso-
ciated with large-scale use of synthetic pesticides 
have led to the search for eco-friendly pesticides 
with greater selectivity to the pests. This awareness 
has created a worldwide interest in the develop-
ment of alternative strategies, including the dis-
covery of newer insecticides (Dayan et al.  2009 ; 
Rajashekar et al.  2012a ,  b ; Miresmailli and Isman 
 2014 ). However, newer insecticides will have to 
meet entirely different standards. They must be 
pest-specifi c, non-phytotoxic, nontoxic to mam-
mals, eco-friendly, less prone to pest resistance, 
relatively less expensive, and locally available 
(Hermawan et al.  1997 ). This has necessitated a 
reexamination of the century-old practices of 
protecting stored products using plant derivatives 
(Talukder  2006 ). Plant-derived pest control agents 
are more readily biodegradable, less likely to con-
taminate the environment, and relatively less toxic 
to mammals. Therefore, researchers are seeking 
newer naturally occurring insecticides that meet 
the present-day regulatory requirements (Talukder 
and Howse  1995 ; Talukder et al.  2004 ; Isman 
 2008 ; Yao et al.  2008 ; Rajashekar et al.  2010 ). 

 Since ancient times, there have been efforts to 
protect the agricultural harvest against pests. The 
Egyptian and Indian farmers used traditional 
methods such as mixing the stored grain with 
fi re ash (Varma and Dubey  1999 ). The ancient 
Romans used false hellebore ( Veratrum album ) as 
a rodenticide, and the Chinese are credited with 
discovering the insecticidal properties of  Derris  
species, whereas pyrethrum was used as an insec-
ticide in Persia and Dalmatia (Ahmed and Grainge 
 1986 ). In many other parts of the world, locally 
available plants are currently in wide use to protect 
stored products against  damage caused by insect 
infestation (Golob and Gudrups  1999 ; Akthar 

et al.  2008 ; Tripathi et al.  2009 ). In northern 
Cameroon, cowpeas are traditionally mixed with 
sieved ash after threshing and the mixture put into 
mud granary or a clay jar (Wolfson et al.  1991 ). 
In Eastern Africa, leaves of the wild shrub 
 Ocimum suave  and the cloves of  Eugenia aro-
matica  are traditionally used as stored grain pro-
tectants (Powel  1989 ). Owusu ( 2001 ) suggested 
the natural and cheaper methods for the control of 
stored-product pests of cereals, with traditionally 
useful Ghanaian plant materials. In some South 
Asian countries, food grains such as rice and 
wheat are traditionally stored by mixing with 2 % 
turmeric powder (Saxena et al.  1988 ). The use of 
oils in stored- products pest control is also an 
ancient practice. Botanical insecticides such as 
pyrethrum, derris, nicotine, oil of citronella, and 
other plant extracts have been used for centuries 
(Park et al.  2003 ; Sim et al.  2006 ). Talukder ( 2006 ) 
has listed 43 plant species as insect repellents, 21 
plants as insect feeding deterrents, 47 plants as 
insect toxicants, 37 plants as grain protectants, 27 
plants as insect reproduction inhibitors, and 7 
plants as insect growth and development inhibitors. 
Several essential oils isolated from the Myrtaceae 
family were reported as a rich source of natural 
insecticides (Ebadollahi  2013 ). The organic extracts 
of  Calotropis procera  and  Annona squamosa  are 
potential alternatives to chemical insecticides 
(Begum et al.  2013 ).  

2     Toxicity and Mode of Action 
of Insecticides 

 A complete understanding of the mode of action 
of an insecticide requires knowledge of how it 
affects a specifi c target site within an organism. 
The target site is usually a critical protein or 
enzyme in insects. Although most insecticides 
have multiple biological effects, toxicity is usually 
attributed to a single major effect. 
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 Insecticides can be classifi ed according to 
their mode of entry into insect: (1) stomach 
poisons, (2) contact poisons, and (3) fumigants. 
However, another way insecticides can be classi-
fi ed is by their mode of action. Most insecti-
cides affect one of the fi ve biological systems 
in insects. These include (1) the nervous system, 
(2) production of energy, (3) endocrine system, 
(4) the development of the integument (cuticle), 
and (5) water balance (Table  16.1 ).

2.1       Insecticides That Affect 
the Nervous System 

 Most of classical insecticides fit into these 
categories, namely, pyrethroids, organophosphates, 
and carbamates, as they adversely affect the 
nervous system (Fig.  16.1 ).

2.2        Voltage-Gated Sodium 
Channels 

 Several classes of insecticides are axonic poisons 
which interfere with axonal conduction of nerve 
impulse. In the nervous system, there are two types 

of voltage-gated channels that contribute to the 
action potential, namely, the sodium and potassium 
channels. It is believed that DDT and pyrethroid 
insecticides act on sodium channels, which causes 
a delay in sodium channel closing, resulting in 
excessive neuroexcitation, fi nally leading to loss of 
control of the coordinated movement, paralysis, 
and death (Matsumura  1985 ; Bloomquist  1999 ; 
   Nauen  2006 ; Du et al.  2013 ; Von Stein et al.  2013 ).  

2.3     Calcium Channels 

 Calcium channels are present in nerve terminals 
and muscles. Under normal conditions, muscle 
contraction is mediated by calcium channels. 
Depolarization caused by an action potential in the 
motor nerve terminal activates calcium channels 
which triggers an infl ux of Ca 2+  ions. These ions 
stimulate the release of the chemical transmitter, 
glutamate, which diffuses across the  synaptic cleft 
and binds to a receptor-operated ion channel, 
resulting in the infl ux of sodium and calcium ions. 
This infl ux subsequently activates the sarcoplasmic 
reticulum calcium channels in the muscle to 
release calcium ions into the protein fi laments, 
resulting in muscle contraction. Studies have 

   Table 16.1    Biochemical sites of action of natural insecticides   

 Common name  Class of insecticide  Targeted system  Mode of action 

 Abamectin  Avermectin  Nervous system  Chloride channel activator 
 Azadirachtin  Botanical from neem oil  Growth and development/

metabolic processes 
 Prothoracicotropic 
hormone (PTTH) inhibitor; 
phagostimulant disruptor 

  Bacillus thuringiensis   Microbial  Metabolic processes  Insect midgut membrane 
disruptor 

 Cinnamaldehyde  Botanical  Energy production  Exact mode of action not 
well understood; possibly 
interference with glucose 
uptake or utilization 

 Decalesides I and II  Botanical (natural 
trisaccharides) 

 Nervous system  Inhibition of sodium 
pump (?) 

 Emamectin benzoate  Avermectin  GABA-gated chloride channels  Chloride channel activators 
 Pyrethrins I and II  Botanical (pyrethrum)  Nervous system  Sodium channel modulator 
 Rotenone  Botanical  Mitochondrial electron transport 

system 
 Electron transport 
inhibitor—site 1 

 Ryanodine  Botanical  Calcium channels (ryanodine 
receptor) 

 Activation 

 Spinosad  Spinosyn  Nervous system  Nicotinic acetylcholine 
receptor agonist (mimic) 
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shown that the active component of  Ryania , 
ryanodine, activates the calcium  channels in the 
sarcoplasmic reticulum of the skeletal muscle. The 
activated calcium channels then release an excess 
of calcium ions in the protein fi laments and induce 
skeletal muscle contraction and paralysis in insects 
(Bloomquist  1999 ; Jeanguenat  2013 ).  

2.4     Inhibition 
of Acetylcholinesterase 

 Organophosphate and carbamate insecticides act by 
interfering with the synaptic transmission of the 
nerve impulse in the insect nervous system. Organo-
phosphate insecticides are generally regarded as 
irreversible inhibitors of the enzyme acetylcho-
linesterase (AChE). Because of the inability of 
phosphorylated AChE to hydrolyze acetylcholine, 
the concentration of acetylcholine in the synapse 
builds up, and excessive neuroexcitation occurs 
because of the prolonged binding of acetylcholine 
to its postsynaptic receptor. The signs of intoxica-
tion include restlessness, hyperexcitability, tremors, 
convulsions, paralysis, and, fi nally death. 

 The mode of action of the carbamate insecticides 
is similar to that of the organophosphates on the CNS, 
and the symptoms of intoxication are similar to 

those with the organophosphates. Decarbamylation 
of acetylcholinesterase is rapid, typically in min-
utes, and, therefore, the carbamate insecticides 
are regarded as reversible acetylcholinesterase 
inhibitors (Matsumura  1985 ; Von Osten et al.  2004 ; 
Casida and Durkin  2013 ; Cespedes et al.  2013 ).  

2.5     GABA-Gated Chloride 
Channels 

 Avermectins, derived from streptomyces, are 
axonic poisons acting on the gamma- aminobutyric 
acid (GABA)-gated chloride channel in the nervous 
system (Abalis et al.  1986 ; Lahm et al.  2013 ). 
Avermectins block the    chloride channel causing 
nerve hyperexcitation of the system, resulting in 
tremors and uncoordinated movement and 
leading to paralysis and death (Nauen  2006 ).  

2.6     Nicotinic Acetylcholine 
Receptor 

 Nicotinic acetylcholine receptors in the insect 
nervous system are present on post and presynaptic 
nerve terminals and the cell bodies of interneurons, 
motor neurons, and sensory neurons (Jeschke and 

fiproles  OPs &
carbamates

neonicotinoid

acetylcholine esterase

Na+, K+, Cl- Channels

acetylcholine receptorsacetylcholine vesicles

spinosyn

presynapse synapse postsynapse

fiproles

  Fig. 16.1    Schematic diagram of insecticides that affect the nervous system (The above fi gure does not belong to 
Shivanandappa and Rajashekar. It is an extract fi gure from Internet)       
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Nauen  2005 ; Green et al.  2013 ). The insecticides 
nicotine, neonicotinoids, and spinosyns all mimic 
acetylcholine by acting on the acetylcholine 
receptor as agonists which causes an infl ux of 
sodium ions and the generation of action poten-
tials; under normal physiological conditions, 
the synaptic action of acetylcholine is terminated 
by the enzyme acetylcholinesterase, which rap-
idly hydrolyzes the neurotransmitter. Since these 
insecticides are not hydrolyzed or destroyed 
by AChE, the persistent activation leads to an 
overstimulation of cholinergic synapses, resulting 
in hyperexcitation, convulsion, paralysis, and 
fi nally death of the insect (Matsuda et al.  2001 ; 
Green et al.  2013 ).  

2.7     Insecticides That Inhibit 
Energy Production 

 Only a handful of chemicals that inhibit the 
production of energy are currently in use as insecti-
cides. The well-known energy production-inhib-
iting insecticides    are hydramethylnon (inhibitor 
of cytochrome bc 1 ), hydrogen cyanide, and phos-
phine (inhibitor of cytochrome oxidase). These 
chemicals bind to the protein, cytochrome, in 
the electron transport system of the mitochondria, 
which blocks the production of ATP (Karami-
Mohajeri and Abdollahi  2013 ). Insects killed by 
these chemicals die on their feet. They essentially 
“run out of gas” (Hollinshaus  1987 ). 

 Many new chemicals are being developed for 
use as energy production inhibitors. Chemicals 
in this class are pyrrole, thiourea, quinazoline, and 
sulfuryl fl uorides which show promise as pesticides 
that inhibit energy production.  

2.8     Insecticides That Affect 
the Endocrine System 

 The chemicals typically referred to as insect 
growth regulators (IGRs) act on the endocrine 
system of insects. IGRs are somewhat specifi c 
for insect groups, cause slow death of the insects, 
have low mammalian toxicity, and show nonper-
sistence in the environment. Most of the currently 

registered IGRs mimic the juvenile hormone 
produced in the insect brain. Juvenile hormone 
acts    to keep insects in the immature state. When 
suffi cient growth has occurred, juvenile hormone 
production ceases triggering the molt to the 
adult stage (Birnbaum  2013 ). IGR chemicals 
such as hydroprene, methoprene, and pyriproxyfen 
are juvenile hormone mimics (Staal et al.  1985 ; 
Ishaaya  2001 ). Insects treated with these chemicals 
are unable to molt successfully to the adult stage 
and cannot reproduce normally.  

2.9     Insecticides That Inhibit 
Cuticle Production 

 These chemicals, known as chitin synthesis 
inhibitors or CSIs, are often grouped with the 
insect growth regulators (IGRs). These chemicals 
inhibit the production of chitin. Chitin is a major 
component of the insect exoskeleton. Insect 
poisoned with CSIs are unable to synthesize new 
cuticle, thereby preventing them from molting 
successfully to the next stage (Oberlander and 
Smagghe  2001 ; Meyer et al.  2013 ). The most 
notable chemicals being used as a CSIs are the 
benzoylphenyl ureas. This class of insecticides 
includes lufenuron, which is a systemic insecticide 
used for fl ea control, difl ubenzuron which is used 
against fl y larvae in manure (Ishaaya and Casida 
 1974 ; Leighton et al.  1981 ), and cyromazine 
which does not inhibit the biosynthesis of chitin, 
but is a molting disruptor.  

2.10     Insecticides Affecting Water 
Balance 

 Insecticides with this mode of action include 
boric acid, diatomaceous earth, and sorptive 
dusts. Insects have a thin wax covering their body 
that helps to prevent water loss from the cuticular 
surface. Silica aerogels (sorptive dusts) and dia-
tomaceous earth are very effective at absorbing 
oils. Therefore, when an insect is in contact with 
these chemicals, the protective waxy covering on 
the insect is absorbed by the chemical resulting in 
rapid water loss from the cuticle and eventually 
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death from desiccation (Ware and Whitacre 
 2004 ). Unfortunately, insects that live in environ-
ments with high relative humidity or that have ready 
access to a water source show increased tolerance 
to silica aerogels and diatomaceous earth (Rigsby 
et al.  2013 ).   

3     Some Important Natural 
Insecticides with Mammalian 
Safety 

 The botanical insecticides that have primarily 
been used and are commercially available include 
pyrethrin, rotenone, sabadilla, ryania, nicotine, 
and azadirachtin (Table  16.2 , Fig.  16.2 ) 
(El-Wakeil  2013 ).

3.1        Ryania 

 The active components of ryania are derived from 
the roots and woody stems of the plant  Ryania 
speciosa , native to Trinidad (Pepper and Carruth 
 1945 ; Charles  1954 ). Ryania works as both con-
tact and stomach poison. It has the longest resid-
ual activity among the botanical insecticides. 
Ryania has a unique mode of action and affects 
muscles by binding to the calcium channels in the 
sarcoplasmic reticulum which causes calcium ion 
fl ow into the cells and death that follows very rap-
idly. Ryania is effectively synergized by piperonyl 
butoxide (PBO) and is reported to be most effective 
in hot water. Ryania works best on caterpillars 
(codling moth, corn earworm). However, it has been 
also found effective on a wide range of insects 
and mites, including potato beetle, lace bugs, 
aphids, and squash bug. 

 Altriset is the fi rst termiticide product featuring 
an active ingredient from the anthranilic diamide 
class of chemistry. The class was inspired by 
research into the insecticide properties of a natural 
substance found in the bark of trees and shrubs of 
the genus  Ryania . Calteryx, the active ingredient 
in Altriset, is a synthetic compound that affects 
the ryanodine receptors in the insect muscle fi ber. 
These receptors regulate the fl ow of calcium into 
the cell cytoplasm to control muscle contraction. 

Altriset binds to the ryanodine and causes it to 
remain open, resulting in a depletion of calcium 
ions that disrupts muscle contraction. Altriset was 
designed to target ryanodine receptors of specifi c 
insects such as termites (Fig.  16.3 ) (Cordova 
et al.  2006 ; Neoh et al.  2012 ).

   Ryania has low mammalian toxicity, with an 
LD 50  of 750 mg/kg bw (Table  16.3 ). It is moder-
ately toxic to mammals by ingestion and only 
slightly toxic by dermal exposure. Ingestion of 
large doses causes weakness, deep and slow respi-
ration, vomiting, diarrhea, and tremors, sometimes 
followed by convulsions, coma, and death. Purifi ed 
ryanodine is approximately 700 times more toxic 
than the crude ground or powdered wood and 
causes poisoning symptoms similar to those of 
synthetic organophosphate insecticides. Depending 
on exposure, symptoms of poisoning may include 
sweating, headache, twitching, muscle cramps, 
mental confusion, tightness in chest, blurred vision, 
vomiting, evacuation of bowels and bladder, con-
vulsions, respiratory collapse, coma, and death.

3.2        Rotenone (C 23 H 228 O 6 ) 

 Rotenone is derived from the roots of the two 
legume plants, namely,  Lonchocarpus  sp. and 
 Derris  sp. originally obtained from the East 
Indies, Malaya, and South America. Rotenone is 
one of the toxic botanical insecticides with an 
LD 50  of 350 mg/kg bw to mammals (Table  16.3 ). 
In fact, rotenone is more toxic than both carbaryl 
and malathion, two commonly used synthetic 
insecticides. Also, rotenone is extremely toxic to 
fi sh (Isman  2006 ). This botanical insecticide 
works both as contact and stomach poison. 
Rotenone is slower acting than most other botani-
cal insecticides, taking several days to kill pests; 
rotenone shows broad spectrum of activity on 
many insects and mite pests, including leaf- 
feeding beetles, caterpillars, lice, mosquitoes, 
ticks, fl eas, and fi re ants. It degrades rapidly in air 
and sunlight. Rotenone blocks NADH dehydroge-
nase (complex 1) in the respiratory chain, block-
ing the fl ow of electrons from NADH to coenzyme 
Q. Therefore, no ATP is formed from NADH, but 
two ATPs are formed per FADH 2  (Fig.  16.4 ). The 
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   Table 16.2    List of insecticidal active principles of plants   

 Active principle  Plant species  Insect toxicity  Insect species  References 

 Anonaine   Annona reticulata   Contact   C. chinensis   Oliver-Bever ( 1986 ) 
 Azadirachtin   Azadirachta indica   Contact/IGR  Stored grain pests, 

aphids 
 Morgan ( 2009 ) 

 E-anethole   Foeniculum vulgare   Contact   S. oryzae ,  C. 
chinensis  

 Kim and Ahn ( 2001 ) 

 β-Asarone   Acorus calamus   Contact  Stored grain pests  Baxter et al. ( 1960 ) 
 Z-Asarone   Acorus calamus ;  Acorus 

gramineus  
 Contact   S. zeamais   Yao et al. ( 2008 ) 

 Bornyl acetate   Chamaecyparis obtusa   Contact   S. oryzae   Park et al. ( 2003 ) 
 Camphor   Ocimum kilimandacharicum   Contact   S. oryzae   Obeng-Ofori et al. 

( 1998 ) 
 (+)-3-Carene   Baccharis salicifolia   Contact   T. castaneum   Obeng-Ofori et al. 

( 1998 ) 
 Carvacrol   Thujopsis dolabrata   Contact/fumigant   S. oryzae ,  C. 

chinensis  
 Ahn et al. ( 1998 ) 

 Carvone   Carum carvi   contact   S. oryzae ,  R. 
dominica  

 Afi fi  et al. ( 1989 ) 

 Caryophyllene oxide   Origanum vulgare   Contact/fumigant   T. castaneum   Kim et al. ( 2010 ) 
 1,8 Cineole   Eucalyptus   Contact/fumigant   R. dominica   Prates et al. ( 1998 ) 

  T. castaneum  
 Cinnamaldehyde   Cinnamomum aromaticum   Contact   T. castaneum ,  S. 

zeamais  
 Park et al. ( 2000 ) 

  p- Cymene (cymol)   Chenopodium ambrosioides   Contact   S. zeamais   Tapondjou et al. 
( 2002 )   B. germanica  

 Decalesides I and II   Decalepis hamiltonii   Contact   Stored grain and 
household insects  

 Rajashekar et al. 
( 2012b ) 

 Dioctyl hexanedioate   Conyza dioscoridis   Contact   T. castaneum, S. 
granaries  

 Peterson et al. ( 1989 ) 

 Eugenol   Citrus   Fumigant   S. oryzae   Prates et al. ( 1998 ) 
 Estragole   Foeniculum vulgare   Contact   S. oryzae   Kim and Ahn ( 2001 ) 

  L. serricorne  
 (+)- fenchone   Foeniculum vulgare   Contact   S. oryzae   Kim and Ahn ( 2001 ) 

  L. serricorne  
 Geraniol   Pelargonium graveolens   Fumigant   T. confusum ,  T. 

castaneum ,  S. 
oryzae  

 Stamopoulos et al. 
( 2007 ) 

 Hexadecane   Chenopodium ambrosioides   Contact   T. castaneum ,  S. 
granaries  

 Peterson et al. ( 1989 ) 

 Hexadecanoic acid   Convolvulus arvensis   Contact   T. castaneum ,  S. 
granaries  

 Peterson et al. ( 1989 ) 

 Linalool   Ocimum canum  Sims.  Fumigant   S. oryzae ,  R. 
dominica  

 Weaver et al. ( 1991 ) 
and Kim et al. 
( 2010 ) 

 Limonene   Citrus   Contact   T. castaneum   Park et al. ( 2003 ) 
 (−)- limonene   Baccharis salicifolia   Contact/fumigant   T. castaneum   Garcia et al. ( 2005 ) 
 Nicotine   Nicotiana tabacum   Contact  Mites, aphids, 

thrips, leafhopper 
 Tiwari et al. ( 1995 ) 

 Pyrethrins I and II   Tanacetum cinerariaefolium   Contact; stomach 
poison 

 Stored grain pests, 
crop pests 

 Tattersfi eld et al. 
( 1929 ) 

 β-Pinene   Baccharis salicifolia   Contact   T. castaneum   Garcia et al. ( 2005 ) 
(continued)
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nature of the binding site is still unclear. Rotenone 
is a powerful inhibitor of cellular respiration, the 
process that converts nutrient compounds into 
energy at the cellular level. In insects, rotenone 
exerts its toxic effects primarily on nerve and 
muscle cells, causing rapid cessation of feeding. 
Death occurs several hours to a few days after 
exposure. Because of its high toxicity to fi sh, it is 
often used as a fi sh poison (piscicide) in water 
management programs. It is effectively synergized 
by PBO or MGK 264 (Yamamoto  1970 ; Rattan 
 2010 ; Casida and Durkin  2013 ).

   Although rotenone is a potent cellular toxin, 
mammals detoxify ingested rotenone effi ciently 
via liver enzymes. As with pyrethrins, rotenone is 
more toxic by inhalation than by ingestion. 
Exposure to high doses may cause nausea, vomit-
ing, muscle tremor, and rapid breathing. Very 
high doses may cause convulsions followed by 
death from respiratory paralysis and circulatory 
collapse. Direct contact with rotenone may be 
irritating to skin and mucous membranes. 
Treatment of poisoning is symptomatic. Chronic 
exposure to rotenone may lead to liver and kid-
ney damage. Although some rodent testing has 
shown that chronic dietary exposure to rotenone 
may induce tumor formation, the most recent US 
EPA registration standard considers rotenone to 
be noncarcinogenic. Rotenone is one of the more 
acutely toxic botanicals. In comparison, pure, 
unformulated rotenone is more toxic than pure 

carbaryl (Sevin®) or malathion, two commonly 
used synthetic insecticides. In the form of a 1 % 
dust, rotenone poses roughly the same acute 
hazard as the commonly available 5 % Sevin 
dust. Commercial rotenone products have presented 
little hazard to man over many decades. Neither 
fatalities nor systemic poisonings in humans have 
been reported in relation to ordinary use.  

3.3     Pyrethrin/Pyrethrum 

    (Pyrethrin I: C 21 H 28 O 3,  pyrethrin II: C 22 H 28 O 5 )    
 Pyrethrins I and II are derived from the seeds 

or fl ower of  Tanacetum cinerariaefolium  (Isman 
 2006 ; Copping and Duke  2007 ) which is grown 
in Africa, Ecuador, and Kenya. Pyrethrin is one 
of the oldest household insecticides still available 
and is fast acting, providing almost immediate 
“knockdown” of insects following an application. 
It is both contact and stomach poison. The plant 
material has a very short residual activity, degrading 
rapidly under sunlight, air, and moisture, which 
means that frequent applications may be required. 
Pyrethrin can be used up until harvest, as there 
is no waiting interval required between initial 
application and harvest of food crops (Casida and 
Quistad  1995 ). 

 Pyrethrin kills insects by disrupting the 
sodium and potassium ion-exchange process in 
insect nerves and interrupting the normal transmission 

Table 16.2 (continued)

 Active principle  Plant species  Insect toxicity  Insect species  References 

 α-Pinene   Baccharis salicifolia   Fumigant   T. castaneum   Garcia et al. ( 2005 ) 
 Plumbagin   Plumbago europaea   Fumigant   M. domestica   Gujar ( 1990 ) 
 Rotenone   Lonchocarpus  sp.  Contact; stomach 

poison 
 Crop pests, lace 
bugs,  S. oryzae  

 Isman ( 2006 ) 

 Ryania   Ryania speciosa   Contact; stomach 
poison 

 Potato beetle, 
aphids, lace bugs, 
stored grain pests 

 Jefferies et al. 
( 1992 ) 

 Sabadilla   Schoenocaulon offi cinale   Contact; stomach 
poison 

 Stinks, thrips, 
squash bugs, 
leafhoppers, 
caterpillars 

 Hare and Morse 
( 1997 ) 

 Spinosyns A and D   Saccharopolyspora spinosa   Stomach poison  Stored grain pests  Sparks et al. ( 2001 ) 
 Verbenone   Artemisia  spp .   Fumigant  Stored grain and 

household insects 
 Koul et al. ( 2008 ) 
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  Fig. 16.2    Molecular structures of some important natural insecticides         
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of nerve impulses. Pyrethrin shows insecticidal 
activity on wide range of insects and mites, includ-
ing fl ies, fl eas, beetles, and spider mites (Casida 
and Quistad  1998 ; Rattan  2010 ). Pyrethrins exhibit 
low mammalian toxicity and few cases of human 
poisonings have ever been reported. The LD 50  of 
pyrethrin is 1,200–1,500 mg/kg bw (Table  16.3 ). 
Cats, however, are highly susceptible to poisoning 

by pyrethrins, and care must be taken to follow 
label directions closely when using products 
containing pyrethrins to treat cats for fl eas. 

 When ingested, pyrethrins are not readily 
absorbed from the digestive tract and rapidly 
hydrolyzed under the acidic conditions of the gut 
and in the liver. Pyrethrins are more toxic to mam-
mals by inhalation than by ingestion due to direct 
route to the bloodstream. Exposure to high doses 
may cause nausea, vomiting, diarrhea, headaches, 
and other nervous disturbances. Repeated contact 
with crude pyrethrum dusts may cause skin irrita-
tion or allergic reactions. The allergens that cause 
these reactions are not present in products con-
taining refi ned pyrethrins. Tests indicate that 
chronic exposure to pyrethrins does not cause 
genetic mutations or birth defects. There is no 
single antidote for acute pyrethrin poisoning. 
Treatment of poisoning is symptomatic, i.e., the 
various symptoms of poisoning are treated indi-
vidually as they occur because there is no way to 
counteract the source of the poisoning directly.  

3.4     Nicotine 

 Nicotine, which is derived from  Nicotiana taba-
cum , is highly toxic to mammals among the 
botanical insecticides with an LD 50  between 50 

Phase 1
Exposure

Phase 2
Activation

Phase 3
Paralysis and Death

  Fig. 16.3    Schematic diagram of mode of action of Ryania    (The above fi gure does not belong to Shivanandappa and 
Rajashekar. It is an extract fi gure from Internet)       

     Table 16.3    Insecticidal act   ivity and mammalian toxicity 
of some natural insecticides   

 Natural insecticides 
 Insect 
toxicity a  

 Mammalian toxicity 
(Oral rat LD 50  (mg/
kg bw)) 

 Anethole  C, S  2,090 
 β-Asarone  C, S  275 
 Azadirachtin  IGR, R  13,000 
 Carvacrol  C  810 
 Cineole (1–8)  C, F  2,480 
 Cinnamaldehyde  C  1,160 
 Cuminic aldehyde  C, S  1,390 
 Eugenol  C, F  500 
 Nicotine  C  50 
 Pyrethrins I and II  C, S  1,200 
 Rotenone  S  350 
 Ryania  C, S  750 
 Sabadilla  C, S  5,000 
 Spinosad  C  3,738 

   a  C  contact,  S  stomach poison,  F  fumigant,  IGR  insect 
growth regulator,  R  repellent (Golob and Gudrups  1999 )  
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and 60 mg/kg bw (Yamomoto  1999 ; Isman  2006 ). 
It is extremely harmful to humans. Nicotine, a 
fast- acting nerve toxin, works as a contact poi-
son. Nicotine is most effective on soft-bodied 
insects and mites, including aphids, thrips, leaf-
hoppers, and spider mites. Many caterpillars are 
resistant to nicotine. It kills insects (and humans) 
through action on nicotinic cholinergic receptors 
at the nerve synapses (junctures), causing uncon-
trolled nerve fi ring, and by mimicking acetylcho-
line (ACh) at the nerve-muscle junctions in the 
central nervous system (Fig.  16.5 ) (Ujavary 
 1999 ; Rattan  2010 ). Despite the fact that smokers 
regularly inhale small quantities of nicotine in 
tobacco smoke, nicotine in pure form is extremely 
toxic to mammals and is considered a Class I 
(most dangerous) poison. Nicotine is particularly 
hazardous because it penetrates the skin, eyes, 
and mucous membranes readily; both inhalation 
and dermal contact may result in death. Ingestion 

is slightly less hazardous due to the effective 
detoxifying action of the liver.

   Symptoms of nicotine poisoning are extreme 
nausea, vomiting, excess salivation, evacuation of 
bowels and bladder, mental confusion, tremors, 
convulsions, and fi nally death by respiratory failure 
and circulatory collapse. Poisoning occurs very 
rapidly and is often fatal. Treatment for nicotine 
poisoning is symptomatic, and only immediate 
treatment, including prolonged artifi cial respira-
tion, may save a victim of nicotine poisoning. 
Nicotine has been responsible for numerous 
serious poisonings and accidental deaths because 
of its rapid penetration of skin and mucous mem-
branes and because of the concentrated form in 
which it is used. Certain plant types, such as roses, 
may be harmed or injured by nicotine sprays.  

3.5     Azadirachtin 

 Azadirachtin is derived from the well-known 
neem tree,  Azadirachta indica , grown in India 
and Africa (Isman  2006 ). Azadirachtin has an 
extremely low mammalian toxicity and is the 
least toxic among the botanical insecticides, 
with an LD 50  of 13,000 mg/kg bw. Azadirachtin 
is considered a contact poison; however, it has 
“some” systemic activity in plants when applied 
to the foliage. The material is generally nontoxic 
to benefi cial insects and mites. Azadirachtin has 
broad mode of action, as a feeding deterrent, 
insect growth regulator, repellent, and sterilant; it 
may also inhibit oviposition (Rembold  1989 ; 
Isman  2006 ). Recently Qiao et al. ( 2013 ) reported 

  Fig. 16.5    Schematic diagram of mode of action of nico-
tine (Source: Lindstrom  1997 )       
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that Azadirachtin can interfere with the insect’s 
central nervous system via inhibition of excitatory 
cholinergic transmission and partly blocking the 
calcium channel. 

 Azadirachtin is active on a broad range of 
insects, including stored grain pests, aphids, 
caterpillars, and mealybugs (Morgan  2009 ). As a 
repellent, neem prevents insects from initiating 
feeding. As a feeding deterrent, it causes insects 
to stop feeding either immediately after the fi rst 
“taste” (due to the presence of deterrent taste 
factors) or at some point soon after ingesting the 
food (due to secondary hormonal or physiological 
effects of the deterrent substance). As a growth 
regulator, neem is thought to disrupt normal 
development interfering with chitin synthesis. 
Susceptibility to the various effects of neem 
differs by species.  

3.6     Sabadilla 

 Sabadilla is derived from the seeds of plant 
 Schoenocaulon offi cinale , which is grown in 
Venezuela. Sabadilla is one of the least toxic reg-
istered botanical insecticides, with mammalian 
LD 50  of 5,000 mg/kg bw. Sabadilla works as a con-
tact and a stomach poison. Similar to other botan-
ical insecticides, it has minimal residual activity 
and degrades rapidly in sunlight and moisture 
(rainfall). Sabadilla works by affecting nerve cell 
membranes, causing loss of nerve function, 
paralysis, and death (Copping and Duke  2007 ; 
Rattan  2010 ). Sabadilla, in the form of dusts 
made from ground seeds, is one of the least toxic 
botanicals. Purifi ed veratrine alkaloids are quite 
toxic, however, and are considered on par with 
the most toxic synthetic insecticides. Sabadilla 
can be severely irritating to skin and mucous 
membranes and has a powerful sneeze-inducing 
effect when inhaled. Ingestion of small amounts 
may cause headaches, severe nausea, vomiting, 
diarrhea, cramps, and reduced circulation. 
Ingestion of very high doses may cause convul-
sions, cardiac paralysis, and respiratory failure. 
Sabadilla alkaloids can be absorbed through the 
skin or mucous membranes. Systemic poisoning 
by sabadilla preparations used as insecticide has 

been very rare or nonexistent (Duke et al.  2010 ). 
It is effective against caterpillars, leafhoppers, 
thrips, stink, and squash bugs.  

3.7     Neonicotinoids 

 Neonicotinoids are a new class of insecticides 
related to nicotine. The name literally means 
“new nicotine-like insecticides.” Neonicotinoids 
being used in agriculture are imidacloprid, acet-
amiprid, and thiamethoxam. Like nicotine, the 
neonicotinoids act on neurotransmitter receptors 
in the nerve synapse. They are much more toxic 
to invertebrates, like insects, than to mammals, 
birds, and other higher organisms. One thing that 
has made neonicotinoid insecticides popular in 
pest control is their water solubility, which allows 
them to be applied to soil and be taken up by 
plants. Efforts have been made to develop nicotinyl 
insecticides with high affi nity to the insect nico-
tinic acetylcholine receptor (nAChR), resulting 
in the development of a new group of insecticides 
(Elbert et al.  1996 ). Neonicotinoids act through 
contact and ingestion and result in the cessation 
of feeding within several hours of contact and 
death shortly after. Neonicotinoids do not inhibit 
cholinesterase or interfere with sodium channels. 
Therefore, its mode of action is different from 
those of organophosphate, carbamate, and pyre-
throid compounds. It appears that neonicotinoid 
acts as an agonist of insect nicotinic acetylcholine 
receptors in a manner different from other insec-
ticides. Neonicotinoids interact with nicotinic 
acetylcholine receptors at the central and peripheral 
nervous system, resulting in excitation and 
paralysis, followed by death (Fig.  16.6 ). These 
compounds interact with nAChR in a structure-
activity relationship (Tomizawa et al.  1995 ; 
Tomizawa and Casida  2005 ), resulting in excitation 
and paralysis, followed by death. Their selectivity 
results from a higher affi nity to the insect nAChR 
than to that of vertebrates, in contrast to the original 
nicotine. Hence, it has been suggested that these 
new compounds are called neonicotinoids.

   Comparative toxicity was carried out, under 
laboratory conditions, of two neonicotinoids, acet-
amiprid and imidacloprid, against the whitefl y 
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 Bemisia tabaci  (Gennadius), using foliar and 
systemic applications on cotton seedlings (Horowitz 
et al.  1998 ). The ovicidal and nymphicidal activi-
ties of foliar application of acetamiprid on cotton 
seedlings were, according to LC 50  and LC 90  values, 
10- and 18-fold more potent than imidacloprid. 
However, when applied to soil, imidacloprid was 
more potent than acetamiprid. In other assays, it 
was found that the comparative toxicity of the two 
neonicotinoids could be different when assayed on 
different host plants. The translaminar activity of 
imidacloprid on cabbage leaves against  Myzus 
persicae  was superior to that of acetamiprid, while 
against  Aphis gossypii  on cotton, the activity of 
imidacloprid was inferior to that of acetamiprid. 
The neonicotinoids act specifi cally on sucking 
pests and have a mild or no effect on parasitoids 
and predators, and as such, they fi t well in various 
IPM programs (Ishaaya  2001 ).  

3.8     Avermectins 

 Avermectins, which are macrocyclic lactones, are 
derived from the actinomycetes  Streptomyces 

avermitilis  (Putter et al.  1981 ). This molecule is 
most effective against agricultural pests with 
lethal concentration of 90 % (LC 90 ) in the range 
of 0.02 ppm for mites and less toxic to stored- 
product pests. It is effective on internal parasites 
of domestic animals (Mrozik et al.  1989 ; Lasota 
and Dybas  1991 ). Avermectins bind with high 
affi nity to glutamate-gated channels which occur 
in invertebrate nerve and muscle cells, causing an 
increase in the permeability of the cell membrane 
to chloride ions with hyperpolarization of the 
nerve or muscle cell leading to paralysis and 
death of the pest either directly or by causing the 
worms to starve. At least one study, however, 
seems to suggest a depolarizing rather than 
hyperpolarizing role for avermectins on the 
glutamate- gated chloride channel (Pemberton et al. 
 2001 ; Rattan  2010 ). However, in either case, the 
end result is the deactivation of the channel by 
manipulation of chloride levels. Selective activity 
of compounds of this class is attributable to the 
facts that some mammals do not have glutamate- 
gated chloride channels and that avermectins 
have low affi nity for mammalian ligand-gated 
chloride channels. Visible activity such as feeding 
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  Fig. 16.6    Schematic diagram of mode of action of spinosad (The above fi gure does not belong to Shivanandappa and 
Rajashekar. It is an extract fi gure from Internet)       
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or egg laying stops shortly after exposure, though 
death may not occur for several days (Deng et al. 
 1991 ). Technical avermectin is quite toxic, with 
an oral rat LD 50  of 30 mg/kg bw. 

 Abamectin/avermectin has been shown to 
cause pupil dilation, mild skin irritation, vomiting, 
convulsions and/or tremors, and coma in labora-
tory animals. Because it is a nerve poison, it can 
also cause nervous system depression in mammals 
at very high doses. A study in rats given 0.40 mg/
kg/day of abamectin showed decreased lactation, 
increased stillbirths, and an increased likelihood of 
producing unhealthy offspring, demonstrating a 
strong chance of similar effects in humans at high 
enough doses. EPA reviewed toxicological data 
from the manufacturer in connection with a 1987 
petition for establishment of a tolerance in citrus 
oil and citrus pulp. EPA’s reviewers found that 
avermectin does not cause birth defects in rats and 
rabbits, but can cause cleft palate in mice. The 
calculated “lowest effect level (LEL)” for the 
latter effect was quite low at 0.10 mg/kg/day. EPA 
reviewers stated that “studies    on mutagenicity 
demonstrated an overall negative potential” (ETN 
 1996 ). Abamectin is also very toxic to fi sh and 
aquatic invertebrates (FCH  2000 ).  

3.9     Spinosads 

 Spinosad is a mixture of spinosyn A and spinosyn 
D, originally isolated from the soil actinomycetes, 
 Saccharopolyspora spinosa , used as bioinsecticide 
(Copping and Menn  2000 ). Spinosad is recom-
mended for the control of a very wide range of 
caterpillars, leaf miners, and foliage-feeding bee-
tles. Spinosad may be used on crops (including 
cotton), vegetables, fruit trees, turf, vines, and 
ornamentals, and it is under development for use 
on livestock animals and in livestock premises. 
The actual mode of action of spinosad has not 
been established. In insects, the poisoning symp-
toms of spinosad are muscle contractions due to 
postural changes, typically elevation of the 
body and straightening of the legs (Salgado 
et al.  1998 ). After many hours of excitation, the 
movements and fi ne tremors fi nally cease and the 
ensuing paralysis is due to neuromuscular fatigue. 

In electrophysiological studies with cockroach 
neurons, the spinosad was shown to activate 
nAChRs and action could be blocked by the 
selective nicotinic antagonist α-bungarotoxin. 
Spinosad could also prolong the action of ACh. 
Furthermore, the spinosad affected GABA recep-
tors in isolated insect neurons (Salgado  1997 ; Orr 
et al.  2009 ; Rattan  2010 ). Spinosyns have a novel 
mode of action, primarily targeting binding sites 
on nicotinic acetylcholine receptors that are 
distinct from those of other insecticides leading 
to disruption of acetylcholine neurotransmission 
(Sparks et al.  2001 ; Snyder et al.  2007 ) (Fig.  16.6 ). 
Spinosad has a very low mammalian toxicity and 
is considered nontoxic to mammals but slightly 
toxic to fi sh. Spinosad is rapidly degraded on soil 
surfaces by photolysis and, below the soil surface, 
by soil microorganisms (Saunders and Bert  1997 ).  

3.10     Limonene 

 Limonene is extracted from citrus oils. The oral 
LD 50  is reported to be greater than 5,000 mg/kg bw. 
Linalool is a closely related material that is also 
an extract from orange and other citrus fruit 
peels. Citrus oil extracts have been combined 
with insecticidal soap for use as contact poisons 
against aphids and mites. Limonene and linalool 
are contact poisons (nerve toxins) (Kostyukovsky 
et al.  2002 ). They have low oral and dermal toxici-
ties. Both the compounds evaporate readily from 
treated surfaces and have no residual effect.  

3.11     Decaleside 

    (Decaleside I: C 21 H 28 O 3,  Decaleside II: C 22 H 28 O 5 )    
 Decalesides I and II, the natural insecticides 

isolated and characterized from the roots of 
 Decalepis hamiltonii , are novel trisaccharides 
that are toxic to a variety of insect species by 
contact exposure (Rajashekar et al.  2012b ). The 
insect toxicity of decalesides was comparable to 
that of chemical insecticides based on the LC 50  
values, and the rapidity of action even surpassed 
that of chemical insecticides as evident from 
the time course and knockdown effect in contact 
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bioassay (Fig.  16.7 ). Although several natural 
compounds have been reported to exhibit contact 
toxicity, there is no comparative study of the 
toxicity of a natural compound with that of syn-
thetic insecticides on insects in a contact bioas-
say. The nature of insect toxicity of decaleside in 
the bioassay, based on the symptoms, indicated 
hyperactivity as seen in the increased movements 
followed by knockdown with legs showing 
twitching movements indicating a neuromuscular 
effect. The neurotoxic symptoms were similar to 
that of pyrethroids. However, the lack of toxicity 
of decalesides orally or by topical application on 
the abdomen was intriguing.

   Since decalesides I and II are trisaccharides, it 
was of interest whether the mode of action 
involves the chemical sensilla in the tarsi in 
which gustatory receptors are located. In order to 
test this hypothesis, experiments were done by 
the authors (Rajashekar et al.  2012b ) in which the 
lower part of the legs (tarsi) of insects (housefl ies 
and cockroaches) was surgically ablated and then 
exposed to decaleside - treated surface in the contact 
bioassay. The surgical ablation of tarsi did not 
cause mortality of the insects nor their movement 

drastically in the bioassay. Further, a less invasive 
method such as masking the sensilla in the tarsi 
by application of molten wax was done to see if it 
blocks the insecticidal effect. In both of these 
cases, toxicity was abolished by tarsal ablation as 
well as wax treatment. Direct application of 
decaleside II to the tarsi of the fi rst pair of legs 
was effective in killing the cockroaches, whereas 
wax application protected against the toxic 
action. This compelling evidence demonstrated 
the requirement of the exposure by contact of 
tarsi to decaleside for the toxic action and, there-
fore, implicates the gustatory (sugar) receptors in 
the insecticidal action (Fig.  16.8 ). Further, to test 
the possible involvement of gustatory (sugar) 
receptors, simple experiments were performed in 
which we studied the effect of sugars (mono-, di-, 
and trisaccharides) on the insect toxicity of deca-
leside. Experiments in which cockroaches were 
exposed to decaleside - treated paper with or 
without various sugars showed that sugars 
protected against the toxicity but not an amino 
acid (Fig.  16.9 ). Among the sugars, maltotriose, a 
trisaccharide, was most effective in rescuing the 
toxicity of decaleside and the effect was dose 
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  Fig. 16.7    Comparison of the    insecticidal action (time 
course) of  Decaleside II  with that of chemical insecticides 
in ( a )  Musca domestica  (housefl y) and ( b )  Blattella ger-

manica  exposure at LC 50  by contact bioassay ( n  = 4, error 
bars, s.e.m.) (Source: Rajashekar et al.  2012b )       
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dependent. Further, when decaleside was subjected 
to chemical and enzymatic hydrolysis, insecti-
cidal activity was lost. These experiments clearly 
demonstrated the involvement of the gustatory 
(sugar) receptors located in the tarsi for the insec-
ticidal action of Decaleside. Since decalesides 
I and II being natural trisaccharides are detected 
by the gustatory receptors in the tarsi, the insecticidal 
action requires contact with the tarsi as shown 

experimentally. Abolition of the toxicity of deca-
leside by hydrolysis indicates that only the intact 
trisaccharide molecules exhibit the insecticidal 
activity. However, other natural trisaccharides 
such as raffi nose, melezitose, maltotriose, and 
other sugars were not toxic to insects, but pro-
tected against the toxic action of Decalesides I 
and II, indicating the common site of action 
involving the gustatory receptors (Fig.  16.10 ).

  Fig. 16.8    Experimental demonstration of the tarsi-medi-
ated contact toxicity of  Decaleside II  in the German cock-
roach. ( a ) Effect of tarsal ablation on the insecticidal 
activity of  Decaleside II  in German cockroach by contact 
bioassay. ( I ) Intact control (solvent), ( II ) intact con-
trol +  Decaleside II , ( III ) tars  II  ablated +  Decaleside II  
( n  = 4, error bars, s.e.m.). One-way ANOVA,  ***  P  < 0.001. 
( b ) Effect of wax application on tarsi, on the toxicity of 
 Decaleside II  in German cockroach, by contact bioassay. 
( I ) Intact control (solvent), ( II ) intact control +  Decaleside 

II , ( III ) wax treated (solvent control), ( IV ) wax 
treated +  Decaleside II  ( n  = 4, error bars, s.e.m.). One-way 
ANOVA,  ***  P  < 0.001. ( c ) Effect of wax application on the 
tarsi, on the toxicity of  Decaleside II  in the German cock-
roach, by topical application on the leg. ( I ) Control (sol-
vent only), ( II ) untreated +  Decaleside II  (1 mg/insect), 
( III ) wax treated on tarsi (+solvent), ( IV ) with wax treated 
tarsi +  Decaleside II  (1 mg/insect) ( n  = 4, error bars, 
s.e.m.). One-way ANOVA. Values denoted by different 
alphabets differ signifi cantly ( ***  P  < 0.001)       
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     The precise biochemical or molecular target 
for the action of decaleside is not known yet. 
However, preliminary evidence from the authors’ 
laboratory (our unpublished work) suggests the 
involvement of sodium pump in the mode of 
action. Electrophysiological evidence is needed 
to support this hypothesis. 

 Future investigations will throw more light in 
these areas and, no doubt, will lead to exciting 

novel mechanisms in the signal transduction 
process involving the gustatory receptors.   

4     Conclusion 

 Conventional pest management has been signifi -
cantly infl uenced by bioactive natural products 
that are used directly or, in a derived form, as 
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  Fig. 16.9    Effect of sugars on the insecticidal activity of 
 Decaleside II  in German cockroach exposure at LC 50  
(0.07 mg/cm 2 ) by contact bioassay. ( a ) Monosaccharide 
(glucose). A.  Decaleside II , B.  Decaleside II  + glucose 
(1:1), C.  Decaleside II  + glucose (1:2), and D.  Decaleside 
II  + glucose (1:3). Ratio in molar concentration ( n  = 4, 
error bars, s.e.m.). One- way ANOVA,  ***  P  < 0.001. 
( b ) Disaccharide (Trehalose). A.  Decaleside II , 
B.  Decaleside II  + trehalose (1:1), C.  Decaleside 
II  + trehalose (1:2), and D.  Decaleside II  + trehalose (1:3). 

Ratio in molar concentration ( n  = 4, error bars, s.e.m.). 
One-way ANOVA,  ***  P  < 0.001. ( c ) Trisaccharide (maltot-
riose). A.  Decaleside II , B.  Decaleside II  + maltotriose 
(1:0.1), C.  Decaleside II  + maltotriose (1:0.25), D. 
 Decaleside II  + maltotriose (1:0.5), E.  Decaleside 
II  + maltotriose (1:0.75), and F.  Decaleside II  + maltotriose 
(1:1). Ratio in molar concentration ( n  = 4, error bars, 
s.e.m.). One-way ANOVA, ***values signifi cantly 
 different from the control ( ***  P  < 0.001). (Source: 
Rajashekar et al.  2012b )       
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pesticides. Bio-based pesticides are commonly 
used as alternatives to synthetic compounds in 
organic agriculture and stored grain protection. 
These past successes and the current public’s 
concern over the impact of synthetic pesticides 
on the environment ensure a continued interest in 
searching nature for eco-friendly pest management 
agents. There is great scope for the discovery of 

novel molecules showing promise as newer biopes-
ticides from natural sources considering the tre-
mendous biodiversity in many parts of the world. 
Parallelly, new knowledge of insect biology will 
open up newer targets for devising insecticides 
that will eventually pave the way for combating 
the phenomenon of resistance and achieving 
selectivity in pest control agents.     
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  Fig. 16.10    Effect of su   gars on the insecticidal activity of 
 Decaleside II  in the German cockroach ( a ) Knockdown at 
equimolar (LC 50 ) concentration of  Decaleside II  + Sugars 
( n  = 4, error bars, s.e.m). ( b ) Mortality at equimolar con-
centration:  A .  Decaleside II ,  B .  Decaleside II  + Glycine, 
 C .  Decaleside II  + Glucose,  D .  Decaleside II  + Xylose,  E . 
 Decaleside II  + Lactose,  F .  Decaleside II  + Trehalose,  G  . 
Decaleside II  + Raffi nose,  H .  Decaleside II  + Melezitose, 

 I .  Decaleside II  + Maltotriose ( n  = 4, error bars, s.e.m.). 
One-way ANOVA,  ***  P  < 0.001. ( c ) Effect of hydrolysis of 
 Decaleside II  on the insecticidal activity. ( A ) Control 
(without hydrolysis), ( B ) acid hydrolysis, ( C ) enzymatic 
hydrolysis by β-galactosidase, ( D ) enzymatic hydrolysis 
by α-glucosidase ( n  = 4, error bars, s.e.m.). One-way 
ANOVA,  ***  P  < 0.001 (Source: Rajashekar et al.  2012b )       
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    Abstract  

  The seeking of new alternatives of synthetic insecticides for the safe envi-
ronment and health has become an important issue of scientifi c research 
which may enable us to obtain safe foods. Although botanical insecticides 
(BIs) can never entirely replace the amounts of produced synthetic insec-
ticides, they may signifi cantly contribute to seeking the solution of prob-
lems associated with application of synthetic pesticides. Three most 
important arguments support the use of BIs: environmental safety, low or 
no toxicity for vertebrates and prevention of resistance development. The 
above-mentioned assets of BIs make us believe in the need of increasing 
the society-wide efforts leading to further expansion of practical use of 
these products. However, despite these assets, several limiting factors are 
associated with BIs that prevent their wider use or restrict their practical 
applications. This chapter is an effort to critically summarise the advan-
tages and disadvantages of botanical insecticides including major factors 
that pose limitations to their practical use.  
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 17      Limitation    of Plant Biopesticides 

              Roman     Pavela     

1         Introduction 

    Pest control is known as old as agriculture, as 
there has always been a need to keep crops free 
from pests. In order to maximise food 

 production, it is advantageous to protect crops 
from  competing  species of plants, as well as 
from herbivores  competing with humans. The 
efforts to minimise agricultural losses caused 
by insects have  motivated gradual development 
of various  techniques aimed at reducing the 
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occurrence of pests. Manual collection of pests 
and mechanical destruction of infested plants 
were probably the oldest methods being 
 uneconomical and  impractical for modern 
 agriculture. However, efforts of pest control 
using various inorganic and organic compounds 
soon emerged. 

 Chemical pesticides date back 4,500 years, 
when the Sumerians used sulphur compounds 
as insecticides. The ancient Chinese, similarly 
to the Romans, mined arsenic and its fi rst 
medicinal use can be traced back to 200 B.C. in 
Shen Nong Ban Cao Jing, the fi rst traditional 
Chinese  medicine book (Liu et al.  2008 ). 
However, by 900 A.D., arsenic was being used 
to control  garden pests. Paris green, or copper 
(II)  acetoarsenite, is a rodenticide and insecti-
cide made from copper (II) acetate and arsenic 
 trioxide (Richardson  2000 ). Its use in the 
United States as an insecticide dates from 
1867, when it was effectively used against the 
Colorado potato  beetle,  Leptinotarsa decem-
lineata  (Say) (Casagrande  1987 ). Both arsenic 
and sulphur have been used as pesticides to the 
current day. For example, arsenic trioxide and 
orthoarsenic acid are registered for use as 
wood protectants against termites, borers and 
fungal wood rots. By the fi fteenth century, 
heavy metals such as mercury and lead were 
also being widely used as insecticides and fun-
gicides (Ware and Whitacre  2004 ) and contin-
ued to be used until the  mid-twentieth centur   y.

    Besides inorganic compounds, various plant 
extracts, decocts or only crushed plants were also 
used. The fi rst predecessors of today’s 
 sophisticated botanical insecticides (BIs) were 
thus created. It has been known from preserved 
written materials that the use of BIs dates back at 
least 3,000 years. Use of dust from  Chrysanthemum 
cinerariifolium  and  C.  coccineum  fl owers was 
most common in ancient Europe. The use of dust 
from fl owers of these plants does date back far in 
the history and can be best documented by the 
decree of King Xerxes I who ordered (at around 
470 BC) that the dust from the fl owers of 
 C.  cinerariifolium  should be used against louses 
and fl eas. We also know that Vergil (at around 25 

BC) described the use of the mixture of nitre and 
amurca of olives as a good drenching  solution for 
seeds, which improved their  germination capacity 
and growth of the plants. The fi rst record refer-
ence of natural substance was that of Marco Polo 
in 1300 A.D. mentioning use of oil for controlling 
mange ( Sarcoptes scabiei  var.  cameli ) in camels 
(Randhawa  1980 ). 

 A note of the use of  Derris  sp. extract against 
pests was preserved from 1649; tobacco extract 
was commonly used as early as in 1690 as an 
insecticide, and soap solution was recommended 
in 1787 to destroy diseases and pests in plants 
(Dubey  2011 ; Randhawa  1980 ). 

 BIs were used in Europe until the end of 
World War II when they were replaced 
with much cheaper synthetic pesticides (e.g. 
 organochlorines, organophosphates,  carbamates, 
and  synthetic pyrethroids). Nevertheless, their 
indiscriminate use has resulted in the develop-
ment of resistance by pests (insects, weeds, 
etc.), resurgence and outbreak of new pests, tox-
icity to nontarget organisms and hazardous 
effects on the  environment endangering the 
 sustainability of ecosystems (Jeyasankar and 
Jesudasan  2005 ). 

 In the recent years the EU has employed a 
 fundamental reform of the Common Agricultural 
Policy (CAP) highlighting the respect to the 
 environmental, food safety and animal welfare 
standards, imposing farmlands’ cross- compliance 
with good agricultural and environmental 
 conditions (Schillhorn van Veen  1999 ). Due to 
environmental side effects and health concerns, 
many synthetic carbamate, organophosphate and 
organophthalide pesticides have been banned 
(EEC  1991 ) or are being under evaluation 
(European Commission  2009 ). At present times, 
possible ways have been sought to reduce the 
 consumption of synthetic pesticides while 
 preserving the quality of production and high 
yields. Biopesticides offer one of such  alternatives 
of plant protection. The use of biopesticides is 
associated with benefi ts and drawbacks, similarly 
as other methods. This chapter is an effort to 
 critically  summarise the advantages and 
 disadvantages of botanical insecticides including 
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major factors that pose limitations to their practi-
cal use.  

2     Most Commonly Used 
Botanical Insecticides 

 BIs, as they are understood today, are any prod-
ucts that contain secondary plant metabolites as 
their active substances. Timely application of 
these products can prevent damage that could be 
otherwise caused by insect pests. The application 
of BIs may either kill the pest (the mechanism of 
action of such BIs causes acute or chronic 
 toxicity) (Pavela  2008 ,  2009a ; Rattan  2010 ) or 
modify the behaviour of the pest to such an extent 

that the pest cannot cause any further damage (the 
mechanism of action of such BIs shows repellent, 
antiovipositional or antifeedant effects Figs.  17.1  
and  17.2 ) (Singh and Mehta  1998 ; Pavela  2007 ; 
Koul  2008 ). BIs are produced by farmers them-
selves in some regions (especially in countries 
with a profound tradition of the use of such prod-
ucts such as in India, China and some African 
 countries); the effect of such farmers’ products 
then depends on experience of the grower, prepara-
tion method and application itself. In addition, sev-
eral dozens of commercial products are  available 
today, which involve various formulations and are 
usually made of historically verifi ed plants. 

 Quite a lot of information is available about 
the most common BIs (Isman  1997 ,  2000 ,  2006 , 

  Fig. 17.1    No-choice test with 1 % extracts obtained from seeds of  Leuzea carthamoides  against larvae of  Leptinotarsa 
decemlineata  after 48 h application       

  Fig. 17.2    Effi ciency of potential botanical insecticides based on extract of  Leuzea carthamoides  and control against 
larvae of  Leptinotarsa decemlineata  in potato fi eld after 15 days of application       
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 2008 ; Dubey  2011 ; Koul  2008 ); in spite of that, 
below we shall remember the most important 
information at least. 

2.1     Pyrethrum 

 Pyrethrum is an extract from dried fl owers of 
 Chrysanthemum cinerariifolium  (Trevir.) Vis. 
(syn.  Pyrethrum cinerariifolium  Trevir., 
 Tanacetum cinerariifolium  (Trevir.) Schultz. Bip.) 
(Asteraceae) or  Chrysanthemum coccineum  
Willd. (Syn.  C. roseum  Adams,  Pyrethrum roseum  
(Adams) M.B.,  Pyrethrum carneum  M.B.), and 
the active principles “pyrethrins” may reach a 
3 % content. 

 Chemical components of the extract are 
 sesquiterpenes, triterpenes and sterols,  fl avonoids, 
 n -alkanes and fatty acids. The “pyrethrins” are 
meroterpenes (mixed biosynthesis: a terpene- 
derived unit is attached to a non-terpene moiety), 
esters of the chrysanthemic or pyrethric acid with 
ketocyclopentene alcohols: pyrethrolone 
 (pyrethrins I and II), cinerolone (cinerins I and II) 
and jasmolone (jasmolin I and II). Often  available 
at 25–50 % concentration, pyrethrin I and II are 
present in greatest amounts (Koul  2008 ). 
Pyrethrins show neurotoxic action by blocking 
voltage-gated sodium channels, prolonging their 
opening and thereby causing a rapid knockdown 
effect and death. Synthetic analogues  (pyrethroids) 
have been developed to overcome low stability to 
UV light without compromising b iodegradability 
and to maintain insecticidal potency while mini-
mising fi sh toxicity. The structure of modern 
pyrethroids differs quite a lot from that of model 
pyrethrins as well as their molecular mode of 
action (Rattan  2010 ).  

2.2     Nicotinoids 

 Nicotine, 3-(1-methyl-2-pyrrolidinyl) pyridine, 
an alkaloid commonly found in the nightshade 
family (Solanaceae), was the fi rst widely used 
botanical insecticide. It is naturally extracted 
from the leaves of tobacco,  Nicotiana tabacum  L. 
and  N. rustica  L., and where it constitutes approx-

imately 0.6–3.0 % of the dry weight of tobacco 
(Yamamoto and Casida  1999 ). 

 Botanical insecticides based on nicotine are a 
rapidly acting neurotoxin which penetrates the 
insect’s central nervous system and targets the 
nicotine acetylcholine receptor (NAChR), 
directly at the synapse. It mimics acetylcholine, 
which is a ligand to the NAChR (Rattan  2010 ). 
The effect of nicotine in insects is to produce 
stimulation at low concentrations and blockage 
at higher concentrations. It thus causes a sequen-
tial behaviour in intoxicated insects with twitch-
ing, followed by convulsions and paralysis 
(Perry et al.  1998 ). 

 Nicotine is most effective on soft-bodied 
insects and mites, including aphids, thrips, leaf-
hoppers and spider mites. Commercial tobacco 
contains other alkaloids such as nornicotine 
(found specially in  Nicotiana glutinosa  L. and 
 Nicotiana sylvestris  Speg. Comes) and anabasine 
( Nicotiana glauca  being its most important 
source) and a range of other “minor” related 
 alkaloids (Rosell et al.  2008 ). Nicotine was fi rst 
synthesised by Pictet and Crepieux in 1893. It was 
used as an insecticide (albeit, as synthetic nicotine 
sulphate) until the second half of the twentieth 
century. Unfortunately, nicotine is also highly 
toxic to mammals (e.g. rat and mouse oral 
LD 50  = 24 and 50 mg kg −1 , respectively) 
(Yamamoto and Casida  1999 ). Related to 
 nicotine in action and partly in structure, the 
highly insecticidal neonicotinoids originated from 
screening novel synthetic chemicals. This newest 
major class of neuroactive insecticides is increas-
ingly used because of their outstanding potency 
and systemic action for crop protection against 
pests (Rosell et al.  2008 ).  

2.3     Rotenoids 

 Rotenone is an isofl avonoid molecule, and the 
major constituent of insecticidal, acaricidal, and 
piscicidal cubé resin. It is commonly available as 
a dust containing 1–5 % of active ingredients 
from rhizomes or roots of the tropical plants 
 genera  Lonchocarpus ,  Derris  or  Tephrosia  
(Fabaceae), or extracts (as resins) usually with up 

R. Pavela



351

to 45 % total rotenoids. The four major active 
ingredients of cubé resin are rotenone, deguelin, 
rotenolone and tephrosin, totalling 77 wt% 
(Isman  2008 ). 

 Rotenone was fi rst isolated from  Lonchocarpus 
nicou  (Aublet) DC by Geoffroy in 1895 (LaForge 
et al.  1933 ). Roark (1932) published a detailed 
review of derris and its insecticidal properties, 
covering the period 1747–1931. The fi rst reported 
use of rotenone-containing plant parts was in the 
1800s from Southeast Asia (Indonesia and 
Malesia), South America and tropical Africa 
(LaForge et al.  1933 ) as an aid for catching fi sh, 
by means of paralysing them. Rotenone is also 
produced by plants in the genera  Pachyrhizus  and 
 Piscidia  (Fabaceae) in North America,  Mundulea  
(Fabaceae) in Africa,  Duboisia  (Solanaceae) in 
Australia or  Verbascum  (Scrophulariaceae) in 
Europe where it has also been used as a pesticide 
by indigenous peoples (Betarbet and Greenamyre 
 2008 ). The most commonly used source of com-
mercial rotenone is tuba,  Derris elliptica  Benth. 
Rotenone is obtained from the crystallisation of 
an extract of root/tuber with organic solvents, and 
produces its insecticidal action by inhibiting 
respiratory metabolism, specifi cally by inhibiting 
complex 1 of the mitochondrial electron trans-
port chain (Li et al.  2003 ). It requires ingestion to 
be an effective poison, although there is evidence 
it can also penetrate the integument (Perry et al. 
 1998 ). Behavioural characteristics of derris 
intoxication in insects include paralysis of 
mouthparts and subsequent starvation and inac-
tivity, followed by knockdown, paralysis and 
generally slow death. 

 Rotenone has been used as an insecticide and 
acaricide in dust and bait formulations in horti-
cultural crops against caterpillars, aphids, thrips 
and spider mites.  

2.4     Azadirachtin 

 Among the natural products, one of the most 
promising natural compounds is azadirachtin, an 
active compound extracted from the  Azadirachta 
indica  A. Juss (neem) tree (Meliaceae). All parts 
of the  A. indica  tree possess insecticidal activity 

but seed kernel is the most effective. It has a 
 multitude of pesticidal active ingredients which 
are together called “triterpene or limnoids”. The 
four best limnoids compounds are: azadirachtin, 
salannin, meliantriol and nimbin. Azadirachtin 
itself is a group of compounds such as azadi-
rachtin A–G. Of these, azadirachtin-A (Aza A) is 
the most plentiful and biologically active one 
which has shown antifeedant, growth inhibitory, 
growth regulatory and toxic effects against a 
number of insect pests and it is generally Aza A 
that is used for commercial insecticides 
(Salehzadeh et al.  2003 ; Anuradha and Annadurai 
 2008 ) (Fig.  17.3 ).

    A. indica  has certain distinct advantages over 
most of the other commercially used plants as 
natural pesticides. Azadirachtin is    active against 
550 insect species, mostly relating to orders 
Coleoptera, Dictyoptera, Diptera, Heteroptera, 
Homoptera, Isoptera, Lepidoptera, Orthoptera, 
Siphonaptera and Thysanoptera, is the main com-
ponent responsible for (Mordue and Blackwell 
 1993 ). While many subsistence farmers in coun-
tries such as India still use crude neem extracts, a 
number of commercial extracts based on azadi-
rachtin have been developed, in particular 
NeemAzal T/S (Trifolio-M GmbH Germany) and 
AzaMax® (Organic Crop Protectants, Lilyfi eld 
NSW, Australia). Isman ( 2004 ) reported that 
neem  products accounted for one-third of botani-
cal insecticides used in California in 2003. 
Nevertheless, as Isman ( 2006 ) points out, despite 
all of its apparent advantages, neem has not lived 

  Fig. 17.3     Azadirachta indica  – fruits       
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up to the publicity and hyperbole about it and 
is yet to become a mainstream, commercial 
insecticide. 

 Azadirachtin is one of the most effi cient natu-
ral substances with an insecticidal effect. Its effi -
cacy has been found high even at very low 
dosages, and in addition, it is received very well 
by the plants also through the root system or 
through vascular bundles, in which case azadi-
rachtin is built in the vacuoles and provides effi -
cient protection of the plant against phytophagous 
pests (Pavela et al.  2004 ) (Fig.  17.4 ).

2.5        Annonaceous Acetogenins 

 Tattersfi eld and Potter ( 1940 ) were the fi rst to 
report detailed investigations to assess the 
 insecticidal properties of extracts of seeds from 
 Annona  spp., in particular  Annona reticulata  L. 
and  A. squamosa  L. (Magnoliales: Annonaceae), 
although McIndoo and Sievers ( 1924 ) had much 
earlier listed fi ve species of  Annona  with 
 insecticidal properties. Pesticide activity of 
Annonaceae species was attributed to their 
 content of isoquinoline alkaloids. However, the 

insecticidal activity was traced to a newly 
 isolated type of compound, displaying a long-
chain fatty acid structure (usually C-32 or C-34, 
such as for asimicin). Since then, well over 400 
of them have been reported. One major group 
displays a 4-methyl-2- substituted butenolide 
(L1, as in asimicin) as g-lactone head. Less 
common  moieties within this group are 
4-hydroxy-L1,  4-(hydroxymethylene) buteno-
lide, 3-hydroxybutenolide and 3-methoxy- 
4-methylenebutenolide. The second major 
skeletal type displays a 2-(2-oxopropyl)-4-sub-
stituted butenolide (L2) with the corresponding 
butenolide as less common function. The most 
common heterocyclic fragments are built out of 
tetrahydrofuran rings [mono-THF, adjacent bis-
THF (as in asimicin), nonadjacent bis-THF, 
adjacent tris-THF] (Esposti et al.  1994 ; Rosell 
et al.  2008 ). 

 Less common heterocycles are tetrahydropy-
ran or epoxy rings. These compounds are potent 
inhibitors of complex I (NADH:ubiquinone oxi-
doreductase) in mitochondrial electron transport 
systems and slow-acting stomach poisons, a 
mode of action identical to that of rotenone 
(Rattan  2010 ).  

  Fig. 17.4    Plant of cucumber after application of new botanical pesticides based on oil obtained from seeds of  Pongamia 
pinnata  ( left ) and control plant ( right ) damaged by pests ( Tetranychus urticae )       
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2.6     Essential Oils 

 An important group of plant secondary metabo-
lites are the essential oils. They are the active 
principles responsible for odours of plants. Plant 
essential oils (or their constituents) have been val-
ued as insecticides, owing to their broad- spectrum 
activity. Direct toxicity, oviposition and feeding 
deterrence, repellency or attraction appear to 
result from interaction with the insect nervous 
system, either by acetylcholinesterase inhibition 
or antagonism of the octopamine receptors. 
Essential oils contain liquid, more or less volatile, 
compounds of many classes of organic sub-
stances – acyclic and isocyclic hydrocarbons and 
their oxygenated derivatives – and in some cases 
contain S and/or N (Bakkali et al.  2008 ). 

 Applications to crop protection (stored prod-
uct pests), mosquito repellency (citronella oil), 
control of domestic pests (cockroaches, ants, 
fl eas, etc.),  Varroa  mite control, as aphicides and 
acaricides (cinnamon oil) and urban insect con-
trol (eugenol-based products from basil or clove) 
have been reported (Regnault-Roger et al.  2005 ) 
A range of insecticide products may be also 
blends of plant oils, such as rosemary, clove, 

 peanut oil, thyme, lemon grass, cinnamon or 
 pennyroyal as components (Isman  2000 ). Other 
used botanical insecticides approved for use in 
specifi c countries are presented in Table  17.1 .

3         Factors that Restrict the Use 
of Botanical Insecticides 

 In spite of present legislative and social- economic 
changes that lead to an effort of gradually reducing 
the consumption of synthetic pesticides to a neces-
sary minimum, their use may have a  negative 
impact on nontarget organisms (bird, fi sh and hon-
eybee) in ecosystems, in rates much higher than, for 
example, fungicides or herbicides (Casida  2012 ). 
Moreover, synthetic pesticide residues in foods 
may pose a threat to human health and especially to 
the health of children (Paoletti and Pimentel  2000 ; 
Roberts et al.  2012 ). Although BIs can never 
entirely replace the amounts of produced synthetic 
insecticides, they may signifi cantly contribute to 
seeking the solution of problems associated with 
application of synthetic pesticides. Three most 
important arguments support the use of BIs:
    1.     Environmental safety : Products based on plant 

extracts are generally considered as safe for 

   Table 17.1    Botanical insecticides approved for use in specifi c countries   

 Country 
  Chrysanthemum 
cinerariifolium  

  Derris  
spp. 

  Nicotiana 
tabacum  

  Azadirachta 
indica   Others 

 Australia  X  X  –  X  Citrus oils 
 New Zealand  X  X  –  X 
 India  X  X  X  X  Ryania, pongam oil, specifi ed essential oils 
 Philippines  X  –  –  – 
 Hungary  X  –  –  X  Quassia 
 Denmark  X  X  –  X  Lemongrass, clove, eucalyptus oils 
 Germany  X  –  –  X  Specifi ed essential oils 
 Czech  X  –  X  X  Pongam oil, quassia, specifi ed essential oils 
 Netherlands  X  –  –  X 
 Spain  X  –  –  X  Pongam oil, quassia, specifi ed essential oils 
 United Kingdom  X  X  X  –  Specifi ed essential oils 
 South Africa  X  –  –  –  Specifi ed essential oils 
 Brazil  X  X  –  X  Garlic 
 United States  X  X  X  X  Specifi ed essential oils, ryania, sabadilla 
 Canada  X  X  X  –  Specifi ed essential oils 
 Mexico  X  X  –  X  Garlic, capsicum 

  Source: (Isman  2006 ) and personal communications 
 X = in country are registered this botanical insecticide, and – = is not known to use this botanical insecticide  
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the environment and nontarget organisms 
(Dubey  2011 ). This assumption is based on 
the fact that most of these products contain 
secondary plant metabolites, which are sub-
ject to relatively rapid degradation in nature 
and thus do not burden the environment with 
their residues (Isman  2006 ; Koul  2008 ). 
Active substances of BIs are quite natural and 
easily degradable in natural ecosystems 
through common degradation processes.   

   2.     Low or no toxicity for vertebrates : Biological 
effi cacy of substances contained in BIs is 
based on substances of defensive nature that 
are synthesised by the plants through antibio-
sis or antixenosis (Tiffi n  2000 ). These 
 substances are synthesised by plants as 
 specialised molecules that have a negative 
impact only on pathogens and insects feeding 
on their tissues (Dubey  2011 ). These sub-
stances (in commonly applied doses) are 
harmless and often rather benefi cial for 
homeothermic  animals including man, consid-
ering their medicinal effects, which have been 
scientifi cally documented (Bruneton  2001 ).   

   3.     Prevention of resistance development : The 
combination of behavioural and physiological 
actions of botanical pesticides deters the 
development of resistance. This is common 
phenomenon in natural ecosystem where her-
bivorous insects are controlled by plant allelo-
chemicals (Ratan  2010 ).    
  The above-mentioned assets of BIs make us 

believe in the need of increasing the society-wide 
efforts leading to further expansion of practical 
use of these products. However, despite these 
assets, several limiting factors are associated 
with BIs that prevent their wider use or restrict 
their practical applications. 

3.1     Factors Restricting Effi cacy 

 The multiple mechanisms of action (see 
Table  17.2 ) give phytochemicals unique proper-
ties that make it very useful in today’s agricultural 
industry (Rattan  2010 ). Some phytochemicals 
work as contact poisons, causing acute toxicity 
(e.g. pyrethrins, rotenone, monoterpenes). These 

substances usually block or inhibit some impor-
tant physiological processes in insects (Rattan 
 2010 ), and therefore their mechanism of action is 
not selective, and upon application, they may have 
a negative impact also on nontarget organisms, 
particularly predators and parasitoids found at the 
place of application at the given time (Simmonds 
et al.  2000 ,  2002 ). Application of these BIs should 
be directed only against those insect species 
where there is no principal risk of affecting 
 nontarget organisms (e.g. pests in enclosed areas, 
storage pests, vectors and troublesome insects). 
However, types of substances were successfully 
obtained in recent decades that are selective, given 
that they act as feeding poisons causing chronic 
toxicity (e.g. azadirachtin, nimbilin, 20-hydroxy-
ecdysone) or affecting the behaviour of insects 
(they have repellent, antiovipositional or antifeed-
ant effects). Although highly selective and friendly 
for nontarget organisms, such products often 
 provide a delayed or insuffi cient effect only against 
some development stages of the pest (Simmonds 
et al.  2002 ; Isman  2006 ,  2008 ; Dubey  2011 ).

   Another factor that restricts effi cacy is a 
 relatively short time of persistence of the effect of 
phytochemicals, which is caused either by rapid 
biodegradation in the environment (e.g.  azadirachtin, 
pyrethrin) or rapid release in the surrounding 
environment (e.g. monoterpenes). However, 
s tability in the environment and prolonged 
 persistence time have been studied recently and 
in some cases even addressed in various formula-
tions of the BIs (Regnault-Roger et al.  2005 ; 
Isman  2006 ; Pavela  2012 ).  

3.2     Factors Restricting the Dose 

 The application dose of BIs is a limiting factor 
considering the total costs of application. Some 
phytochemicals are qualitatively signifi cant and 
provide their effect already in low  application 
doses or concentrations  (pyrethrum,  azadirachtin); 
other phytochemicals are  quantitatively signifi -
cant and their effi cacy is manifested only upon 
higher doses or  concentrations (e.g.  polyphenols, 
some  terpenoids). The overall consumption of 
 phytochemicals necessary to achieve the desired 
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effect is also a limiting factor in commercialisa-
tion of new BIs (Mordue and Blackwell  1993 ; 
Bakkali et al.  2008 ; Dubey  2011 ). 

 Applications of some phytochemicals through 
the root system or injections in conductive tissues 
therefore seem very promising. In this case, the 
consumption of the BIs and thus also the price of 
their application are much lower than those of 
common application (Pavela et al.  2005 ). For 
example, the plants integrate azadirachtin in their 
own tissues, and thus a single application of BIs 
can protect the plants for their entire vegetative 
period (Pavela et al.  2004 ).  

3.3     Factors Restricting 
Availability 

 Although the production of BIs has been increas-
ing worldwide, their current market supply is short. 
Therefore, international research has been 
 supported to seek novel phytochemicals suitable 
for the development of BIs. Although as many as 
several dozens of new, highly effective 
 phytochemicals have been found, which are per-
spective for the development of new BIs (Singh 
et al.  1989 ; Singh and Metha  1998 ; Pavela  2008 , 

 2009a ,  b ,  2011a ,  b ; Chermenskaya et al.  2010 ; 
Bakkali et al.  2008 ), only very few commercial 
products have been marketed. Isman ( 1997 ,  2000 , 
 2004 ) postulated reasons for this lack of success: 
in  particular the need for sustainable supply of the 
botanical resource, standardisation of the chemi-
cally complex extracts and regulatory approvals. 
As a result, there are a range of matters to be 
 considered in the development of an interesting 
discovery into a successful commercial product. 

 Particularly, the high costs related to the 
 registration of new BIs limit commercialisation of 
new products. These costs must be refl ected by 
manufacturers in the fi nal price of their products, 
which then become competitive for synthetic 
insecticides only with diffi culty. Higher prices of 
these products are given especially by their 
 limited  production and thus by the need to grow a 
 suffi cient amount of plant materials in the required 
quality and quantity of the active substances.   

4     Current Research 

 Plants, as long-lived stationary organisms, must 
resist attackers over their lifetime, so they 
 produce and exude constituents of the secondary 

   Table 17.2    Mechanism of action of some botanical insecticides   

 System  Mechanism of action  E.g. compound  Plant source 

 Cholinergic system  Inhibition of 
acetylcholinesterase (AChE) 

 Essential oils   Mentha  spp.,  Lavandula  
spp. 

 Cholinergic acetylcholine 
nicotinic receptor agonist/
antagonist 

 Nicotine   Nicotiana  spp., 
 Delphinium  spp., 
  Haloxylon salicornicum  

 GABA system  GABA-gated chloride channel  Thymol, silphinenes   Thymus vulgaris  
 Mitochondrial system  Sodium and potassium ion 

exchange disruption 
 Pyrethrin   Chrysanthemum 

cinerariifolium  
 Inhibitor of cellular respiration 
(mitochondrial complex I 
electron transport inhibitor or 
METI) 

 Rotenone   Lonchocarpus  spp. 

 Affect calcium channels  Ryanodine   Ryania  spp. 
 Affect nerve cell membrane 
action 

 Sabadilla   Schoenocaulon offi cinale  

 Octopaminergic system  Block octopamine receptors 
by working through tyramine 
receptors cascade 

 Essential oils   Cedrus  spp.,  Pinus  spp., 
 Citronella  spp., 
 Eucalyptus  spp. 

 Miscellaneous  Hormonal balance disruption  Azadirachtin   Azadirachta indica  

  Source: (Rattan  2010 )  
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metabolism, playing an important role in their 
defence mechanisms. In fact, the phytochemi-
cals’ research has its roots in allelochemistry, 
involving the complex chemical-mediated 
 interactions between a plant and other organisms 
in its environment (Rossel et al.  2008 ). 

 It has been estimated that approximately 300,000 
plant species exist on our planet, while every  species 
is able to synthesise even several dozens of biologi-
cally active substances many of which are unique. 
The purpose of research is thus to fi nd phytochemi-
cals with a novel and  suffi ciently effective mecha-
nism of action that could be either obtained directly 
from the plants or that could become a model for the 
synthesis of their analogues. 

 Reports of assessment of a wide range of 
potential pesticides from endemic plants have 
been reported for a number of countries, includ-
ing India (Rao  1957 ; Prakash and Rao  1997 ), 
China (Yu et al.  2005 ), Kyrgyzstan (Chermenskaya 
et al.  2010 ), Laos (   De Boer et al.  2010 ) and 
Eurasia    (Pavela  2008 ,  2009a ,  b ,  2011a ,  b ). In addi-
tion, there have been reports of botanical insecti-
cide use in various crops; e.g. rice, wheat, pulses 
and vegetables (Prakash et al.  2008 ; Pavela 
 2012 ), stored products (Rao  1957 ; Dubey  2011 ; 
Yankanchi and Gadacher  2010 ) and for  veterinary 
use (George et al.  2008 ). The results of  present 
research indicate a number of active substances, 
particularly among terpenoids, phenols and poly-
phenols (Dubey  2011 ). Not only substances with 
direct insecticidal activity (Rattan  2010 ) can be 
found among them but also those that modify 
specifi c behaviour of insects, and thus those 
where selectivity to nontarget organisms can be 
assumed (Koul  2008 ; Dudey  2011 ). Such 
 substances are highly perspective in terms of 
practical use (Figs.  17.5  and  17.6 ).

5         The Future of Botanical 
Insecticides 

 BIs have accompanied the man worldwide since 
time immemorial. In some regions, the use of 
plant extracts has a deep-rooted tradition, not 
impaired by synthetic pesticides as much as in 
Europe, for example. BIs probably cannot be 

expected to completely replace the inexpensive, 
synthetically produced insecticides. However, 
their application anywhere where the benefi ts of 
these products can be used to the full extent would 
be advisable. Such benefi ts include particularly 
their safety for the environment and health. They 
would thus fi nd their place especially in the pro-
tection of those crops or agricultural products 
where application of synthetic insecticides can be 
expected to be associated with a high risk of inte-
gration of hazardous residues (thus, e.g. in the 
growing of fruits, vegetables or in the storage of 
fruits and agricultural commodities) (Jeyasankar 
and Jesudasan  2005 ; Isman  2006 ; Pavela  2012 ). 

 Another application of BIs can be found in 
human and animal protection against medically 
important vectors or against troublesome insects. 
Whenever a direct contact of humans or animals 
with insecticides occurs, it is very important to 
make sure that the risk of such an application is 
minimal (Pavela  2008 ,  2009a ,  b ).  

6     Conclusion 

 BIs have long been touted as attractive alternatives 
to synthetic chemical pesticides for pest manage-
ment because botanicals reputedly pose little 
threat to the environment and to human health. 
The body of scientifi c literature documenting 
 bioactivity of plant derivatives to pests continues 
to expand rapidly, yet only a handful of botanicals 
are currently used in agriculture in the industri-
alised world, and there are few  prospects for com-
mercial development of new botanical products. 
Several factors appear to limit the  success of 
botanicals, most notably regulatory barriers and 
the availability of  competing products (newer syn-
thetics, fermentation products, microbials) that are 
 cost-effective and relatively safe compared with 
their  predecessors (Isman  2006 ). Botanical pesti-
cides presently play only a minor role in crop 
 protection; increasingly stringent regulatory 
requirements in many jurisdictions have  prevented 
all but a handful of botanical products from 
 reaching the marketplace in North America and 
Europe in the past 20 years (Isman  2008 ). 
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Pyrethrin I, R = CH3 Nicotine
Pyrethrin II, R = CO2CH3

Rotenone Quassin

Azadirachtin A Ryanodine

  Fig. 17.5    Structures of major active 
ingredients       

  Fig. 17.6    Harvest of fl owers of  Chrysanthemum 
cinerariifolium  for producing botanical insecticides       
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 Therefore, clear rules must be designed for 
marketing BIs, and these rules should be more 
favourable given the positive aspects of these 
products. Although BIs represent only a small 
segment (approximately 1 %) of the international 
market (Rosell et al.  2008 ) including products 
based on microorganisms, they can be viewed as 
an important alternative of plant protection, and 
their use should be supported, particularly due to 
signifi cantly lower risks for the environmental 
and for our health.     

  Acknowledgements   Financial support for this work was 
provided by the Ministry of Education, Youth and Sports 
(No. LH11133).  

   References 

    Anuradha A, Annadurai RS (2008) Biochemical and 
molecular evidence of azadirachtin binding to insect 
actins. Curr Sci 95:1588–1593  

      Bakkali F, Averbecka S, Averbecka D, Idaomar M 
(2008) Biological effects of essential oils – a review. 
Food Chem Toxicol 46:446–475. doi:  10.1016/j.
fct.2007.09.106      

    Betarbet R, Greenamyre JT (2008) Complex I inhibition, 
rotenone and Parkinson’s disease. In: Nas R, 
Przedlovski S (eds) Parkinson’s disease- molecular 
and therapeutic insights from model systems. Elsevier, 
New York, pp 745–749  

   Bruneton J (2001) Pharmacognosy, phytochemistry, 
medicinal plants, 2nd edn., repr. Paris [u.a.]: Lavoisier 
Tec, France  

    Casagrande RA (1987) The Colorado potato beetle: 125 
years of mismanagement. Bull Entomol Soc Am 
33:142–150  

    Casida JE (2012) The greening of pesticide–environment 
interactions: some personal observations. Environ 
Health Perspect 120:487–493. doi:  10.1289/ehp.1104405      

     Chermenskaya TD, Stepanycheva EA, Shchenikova AV, 
Chakaeva AS (2010) Insectoacaricidal and deterrent 
activities of extracts of Kyrgyzstan plants against three 
agricultural pests. Ind Crop Prod 32:157–163. 
doi:  10.1016/j.indcrop.2010.04.009      

    De Boer H, Vongsombath C, Pålsson K, Björk L, Jaenson 
TG (2010) Botanical repellents and pesticides tradi-
tionally used against hematophagous invertebrates in 
Lao People’s Democratic Republic: a comparative 
study of plants used in 66 villages. J Med Entomol 
47:400–414  

            Dubey NK (2011) Natural products in pest management. 
CAB International, London  

      EEC (1991) Council Directive 91/414/EEC of 15 July 1991 
concerning the placing of plant protection products on the 
market. Offi ce for Offi cial Publications of the European 
Communities, OJ No L 230, Brusseuls, 19.8.1991, p 194  

    Esposti MD, Ghelli A, Ratta M, Cortes D, Estornell E 
(1994) Natural substances (acetogenins) from the fam-
ily Annonaceae are powerful inhibitors of mitochon-
drial NADH dehydrogenase (Complex I). Biochem J 
301:161–167  

   European Commission (2009) Council Regulation (EC) 
no. 1107/2009 of 21 October 2009 concerning the 
placing of plant protection products on the market and 
repealing Council Directives 79/117/EEC and 91/414/ 
EEC. Off J Europ Union 52:1–51. doi:  10.3000/17252
555.L_2009.309.eng      

    George DR, Guy JH, Arkle S, Harrington D, De Luna C, 
Okello EJ, Shiel RS, Port G, Sparaganoa OA (2008) 
Use of plant-derived products to control arthropods of 
veterinary importance: a review. Anim Biodivers 
Emerg Dis Ann N Y Acad Sci 1149:23–26  

     Isman MB (1997) Neem and other botanical insecticides: 
barriers to commercialization. Phytoparasitica 
25:339–344  

      Isman MB (2000) Plant essential oils for pest & disease 
management. Crop Prot 19:603–608. doi:  10.1016/
S0261-2194(00)00079-X      

     Isman MB (2004) Factors limiting commercial success of 
neem insecticides in North America and Western Europe. 
In: Koul O, Wahab S (eds) Neem: today and in the new 
millennium. Kluwer Academic Publishers, Dordrecht  

           Isman MB (2006) Botanical insecticides, deterrents, and 
repellents in modern agriculture and an increasingly 
regulated world. Annu Rev Entomol 51:45–66. 
doi:  10.1146/annurev.ento.51.110104.151146      

       Isman MB (2008) Botanical insecticides: for richer, for 
poorer. Pest Manag Sci 64:8–11  

     Jeyasankar A, Jesudasan RWA (2005) Insecticidal proper-
ties of novel botanicals against a few lepidopteran 
pests. Pestology 29:42–44  

        Koul O (2008) Phytochemicals and insect control: an 
 antifeedant approach. Crit Rev Plant Sci 27:1–24  

     LaForge FB, Haller HL, Smith LE (1933) The determi-
nation of the structure of rotenone. Chem Rev 
12:181–213  

    Li N, Ragheb K, Lawler G, Sturgis J, Rajwa B, Melendez 
JA, Robinson JP (2003) Mitochondrial complex I 
inhibitor rotenone induces apoptosis through enhanc-
ing mitochondrial reactive oxygen species production. 
J Biol Chem 10:8516–8525  

    Liu J, Lu Y, Wu Q, Goyer RA, Waalkes MP (2008) 
Mineral arsenicals in traditional medicines: 
 orpiment, realgar, and arsenolite. J Pharmacol 
Exper Ther 326:363–368  

    McIndoo NC, Sievers AF (1924) Plants tested for insecti-
cidal value or reported to possess insecticidal proper-
ties, USDA Bulletin 1201. United States Department 
of Agriculture, Washington, DC  

     Mordue (Luntz) AJ, Blackwell A (1993) Azadirachtin: an 
update. J Insect Physiol 39:903–924  

    Paoletti MG, Pimentel D (2000) Environmental risks of 
pesticides versus genetic engineering for agricultural 
pest control. J Agric Environ Ethics 12:279–303  

    Pavela R (2007) Lethal and sublethal effects of thyme oil 
( Thymus vulgaris  L.) on the house fl y ( Musca domes-
tica  Lin.). J Essent Oil Bear Plants 10:346–356  

R. Pavela

http://dx.doi.org/10.1146/annurev.ento.51.110104.151146
http://dx.doi.org/10.1016/S0261-2194(00)00079-X
http://dx.doi.org/10.1016/S0261-2194(00)00079-X
http://dx.doi.org/10.3000/17252555.L_2009.309.eng
http://dx.doi.org/10.3000/17252555.L_2009.309.eng
http://dx.doi.org/10.1016/j.indcrop.2010.04.009
http://dx.doi.org/10.1289/ehp.1104405
http://dx.doi.org/10.1016/j.fct.2007.09.106
http://dx.doi.org/10.1016/j.fct.2007.09.106


359

       Pavela R (2008) Larvicidal effects of various Euro-Asiatic 
plants against Culex quinquefasciatus Say larvae 
(Diptera: Culicidae). Parasitol Res 102:555–559  

       Pavela R (2009a) Larvicidal effects of some Euro-Asiatic 
plants against  Culex quinquefasciatus  Say larvae 
(Diptera: Culicidae). Parasitol Res 105:887–892  

      Pavela R (2009b) Larvicidal property of essential oils 
against  Culex quinquefasciatus  Say (Diptera: 
Culicidae). Ind Crop Prod 30:311–315  

     Pavela R (2011a) Screening of Eurasian plants for insecti-
cidal and growth inhibition activity against  Spodoptera 
littoralis  larvae. Afr J Agric Res 6:2895–2907  

     Pavela R (2011b) Insecticidal and repellent activity of 
selected essential oils against pollen beetle,  Meligethes 
aeneus  (Fabricius) adults. Ind Crop Prod 34:888–892. 
doi:  10.1016/j.indcrop.2011.02.014      

      Pavela R (2012) Effi cacy of three newly developed botan-
ical insecticides based on pongam oil against  Plutella 
xylostella  L. larvae. J Biopestic 5:62–70  

     Pavela R, Barnet M, Kocourek F (2004) Effect of azadi-
rachtin applied systemically through roots of plants on 
the mortality, development and fecundity of the cab-
bage aphid ( Brevicoryne brassicae ). Ptytoparasitica 
32:286–294. doi:  10.1007/BF02979823      

    Pavela R, Harmatha J, Barnet M, Vokac K (2005) Systemic 
effects of phytoecdysteroids on the cabbage aphid 
 Brevicoryne brassicae  (Sternorrhyncha: Aphididae). 
Eur J Entomol 102:647–653  

     Perry AS, Yamamoto I, Ishaaya I, Perry RY (1998) Insecticides 
in agriculture and environment. Springer, Berlin  

    Prakash A, Rao J (1997) Botanical pesticides in agricul-
ture. CRC Lewis Publications, Boca Raton  

    Prakash A, Rao J, Nandagopal V (2008) Future of botani-
cal pesticides in rice, wheat, pulses and vegetables 
pest management. J Biopestic 1:154–169  

     Randhawa MS (1980) History of agriculture in India, vol 
1. Indian Council of Agricultural Research, New Delhi  

     Rao DS (1957) The insecticidal property of petals of sev-
eral common plants of India. Econ Bot 11:274–276  

            Rattan RS (2010) Mechanism of action of insecticidal 
secondary metabolites of plant origin. Crop Prot 
29:913–920  

     Regnault-Roger C, Philogène BJ, Vincent C (2005) 
Biopesticides of plant origin. Lavoisier Publishing, Paris  

   Richardson HW (2000) Copper compounds. Ullmann’s 
Encyclopedia of industrial chemistry. Published online 
only doi:  10.1002/14356007.a07_567      

       Roberts JR, Karr CJ, Council on Environmental Health 
(2012) Pesticide exposure in children. Pediatrics 
130:E1765–E1788. doi:  10.1542/peds.2012-2758      

        Rosell G, Quero C, Coll J, Guerrero A (2008) Biorational 
insecticides in pest management. J Pestic Sci 33:103–
121. doi:  10.1584/jpestics.R08-01      

    Salehzadeh A, Akhkha A, Cushley W, Adams RLP, Kusel 
JR, Strang RHC (2003) The antimitotic effect of the 
neem terpenoid azadirachtin on cultured insect cells. 
Insect Biochem Mol Biol 33:681–689  

    Schillhorn van Veen TW (1999) Agricultural policy and 
sustainable livestock development. Int J Parasitol 
29:7–15  

    Simmonds MSJ, Manlove JD, Blaney WM, Khambay 
BPS (2000) Effect of botanical insecticides on the for-
aging and feeding behavior of the coccinellid predator 
 Cryptolaemus montrouzieri . Phytoparasitica 28:99–
107. doi:  10.1007/BF02981738      

     Simmonds MSJ, Manlove JD, Blaney WM, Khambay 
BPS (2002) Effects of selected botanical insecticides 
on the behaviour and mortality of the glasshouse 
whitefl y Trialeurodes vaporariorum and the parasitoid 
Encarsia formosa. Entomol Exp Appl 102:39–47. 
doi:  10.1046/j.1570-7458.2002.00923.x      

     Singh D, Mehta SS (1998) Screening of plant material 
for repellent and insecticidal properties against 
pulse beetle ( Callosobruchus chinensis ) and house 
fl y ( Musca domestica ). J Med Arom Plant Sci 
20:397–400  

    Singh D, Siddiqui MS, Sharma S (1989) Reproduction 
retardant and fumigant properties in essential oils 
against rice weevil (Coleoptera: Curculionidae) in 
stored wheat. J Econ Entomol 83:723–733  

    Tattersfield F, Potter C (1940) The insecticidal proper-
ties of certain species of Annona and of an Indian 
strain of  Mundulea sericea  (“Supli”). Appl Biol 
27:262–272  

    Tiffi n P (2000) Are tolerance, avoidance, and antibiosis 
evolutionarily and ecologically equivalent responses 
of plants to herbivores? Am Nat 155:128–138  

    Ware G, Whitacre D (2004) The pesticide book, 6th edn. 
Meister Media, Willoughby  

     Yamamoto I, Casida JE (eds) (1999) Nicotinoid insecti-
cides and the nicotinic acetylcholine receptor. 
Springer, Tokyo  

    Yankanchi SR, Gadacher AH (2010) Grain protectant effi -
cacy of certain plant extracts against rice weevil, 
 Sitophilus oryzae  L. (Coleoptera: Curculionidae). J 
Biopestic 3:511–513  

    Yu XP, Lu ZX, Chen JM, Xu HX, Zheng XS, Chen LZ, 
Zhang JF, Shentu XP (2005) Review on research and 
development of botanical pesticides in China. Acta 
Agric Zhejiangensis 17:42–48 (in Chinese)      

17 Limitation of Plant Biopesticides

http://dx.doi.org/10.1046/j.1570-7458.2002.00923.x
http://dx.doi.org/10.1007/BF02981738
http://dx.doi.org/10.1584/jpestics.R08-01
http://dx.doi.org/10.1542/peds.2012-2758
http://dx.doi.org/10.1002/14356007.a07_567
http://dx.doi.org/10.1007/BF02979823
http://dx.doi.org/10.1016/j.indcrop.2011.02.014


361D. Singh (ed.), Advances in Plant Biopesticides,
DOI 10.1007/978-81-322-2006-0_18, © Springer India 2014

    Abstract  

  The intensive use of synthetic pesticides in pest control activities can cause 
resistance and therefore resurgence of target pests. Undesirable effects on 
the environment, including reduction in natural enemies (predators and 
parasitoids) and benefi cial insects, are also possible. A major concern is 
the effects of synthetic pesticides on human health. In the last few decades, 
biopesticides have emerged as a potential alternative to synthetic insec-
ticides. Currently, biopesticides share only a small portion of global 
pesticide market, but growth is faster in this area than in synthetic insecti-
cides. This growth is mainly driven by a rising interest in the demand 
for organic agricultural products that is most pronounced in western 
countries. This review will discuss biopesticide history, categories, advan-
tages, disadvantages, conventional and nonconventional extraction technology, 
and consumption.  
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1         Introduction 

 Synthetic pesticides are most commonly used for 
controlling insect pests, diseases, and weeds. 
Many farmers prefer synthetic pesticides over 
other pest control products because of their 
effi cacy and rapidity of action. However, repeated 
application of synthetic pesticides can result in 
pest resistance. According to Pedigo ( 1989 ), 
insect pest populations may develop resistance 
after exposure to an insecticide for several 
generations, but this is dependent on the insects’ 
life cycle. Insects with a shorter life cycle are 
more likely to develop resistance to insecticides. 
Repeated use of synthetic insecticides has 
frequently disrupted natural biological control 
systems and led to resurgence of target insect 
species. This has been due to causing undesirable 
effects on nontarget organisms, such as important 
insect predators and (Epstein et al.  2000 ; Van 
Hamburg and Guest  1997 ; Papachristos and 
Milonas  2008 ) parasitoids (Borgemeister et al. 
 1993 ). Benefi cial insects such as earthworms 
(Reddy and Rao  2008 ) and pollinators (Nderitu 
et al.  2007 ; Loucif-Ayad et al.  2008 ) have also 
been affected by application of synthetic pesticides 
to the detriment of crop species. These effects on 
nontarget insect species occur mainly because 
many synthetic insecticides have a broad spectrum 
of action and long residual activity. 

 In addition, the large-scale use of chemical 
pesticides in agriculture may cause adverse effects 
on humans (Hayes and Laws  1991 ; Lopez et al. 
 2005 ). Besides degrading slowly, many synthetic 
pesticides are also fat soluble which means they 
can accumulate in animals, plants, and humans. 
Consequently, the prolonged use and application 
of synthetic chemical insecticides has detrimental 
impacts on the environment and can negatively 
affect human health (Nayak and Chhibber  2002 ; 
Wheeler  2002 ; Lopez et al.  2005 ). 

 Insect pests are notorious for their ability to 
adapt to control methods. Thus, implementation of 
an integrated pest management (IPM) system is 
the best strategy for controlling them. A combina-
tion of strategies including crop rotation, cultivar 
resistance, and biological control helps to keep 

insect pest populations below economic thresholds. 
Biopesticides which generally have slow-acting 
activity when applied independently can be inte-
grated into an IPM system with other techniques 
to enhance their effi cacies (Bailey et al.  2010 ).  

2     History of Biopesticides 

 For thousands of years, humans have been using 
various crop protection products to control 
insects, diseases, and weeds that harm or destroy 
food crops. Before the invention of synthetic 
insecticides in the twentieth century, the most 
likely primary source of pesticides was of natural 
origin. The fi rst generation of pesticides was 
probably derived from inorganic materials (sul-
fur, copper, mercury, arsenic, etc.). The Sumerians 
were the fi rst recorded using sulfur compounds to 
kill insects and mites around 2500 BC (Dent 
 2000 ). The oldest documentation of the use of 
plant-based pesticides was found in India and is 
dated as 2000 BC (Ignacimuthu  2012 ). In 1200 
BC, the Chinese applied mercury and arsenical 
compounds to control body lice (Dent  2000 ). At 
this time, the Chinese also applied insecticides of 
plant origin for seed treatments (Dent  2000 ). 
History records that farmers in the seventeenth 
century used nicotine in an effort to control plum 
beetles (Lopez et al.  2011 ). More recently, exten-
sive uses of botanical insecticides were recorded 
between the late 1800s and 1940s (Henn and 
Weinzierl  1989 ). 

 The use of botanical insecticides dropped 
sharply in commercial agriculture following 
the introduction of synthetic insecticides in the 
mid- 1940s which were less expensive, more 
effective, and more persistent than their botanical 
predecessors (Henn and Weinzierl  1989 ). At 
the time of World War II, one of the fi rst organo-
chlorine insecticides to be used widely in insect 
pest control was dichlorodiphenyltrichloroeth-
ane, commonly known as DDT. Between 1945 
and the 1970s, pyrethrins were used only for 
household and industrial sprays, whereas nicotine 
was used for greenhouse/orchards, and rotenone 
was in limited use for home gardens (Henn and 
Weinzierl  1989 ). 
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    The interest in using pesticides of plant origin 
for crop protection was renewed when the potential 
negative effects of synthetic insecticides on 
target and nontarget organisms were revealed. 
The publication of a book entitled  Silent Spring  
by Rachel Carson in 1962 became the most defi n-
ing moment that led to the banning of a number 
of synthetic insecticides that were mainly organo-
chlorines such as DDT (McKinlay et al.  2012 ). 
It is not surprising that, in the time since this 
publication, there has been a marked increase in 
the study of pesticides of plant origin. A rapid 
increase in the number of studies relating to the 
development of insecticides of natural, and par-
ticularly organic, origin was observed during the 
1990s. Studies of plant ecology have led to the 
identifi cation of various biochemical compounds 
that act as insect repellents and insect antifeed-
ants. Among the most widely studied plant 
products are neem oil/extract (Schmutterer  1995 ) 
and essential oils (Isman  2000 ). 

 There are currently a considerable number of 
plant-based crop protection products that are 
available commercially (Cloyd et al.  2009 ). In 
addition to plant materials that have a long history 
of traditional use such as neem, rotenone, and 
pyrethrum, more recently developed botanical 
pesticides contain vegetable oils and/or essential 
oils. Although botanical pesticides are generally 
lower in effi cacy than the synthetic ones, their 
demands are expected to increase. Organic agricul-
tural products continue to gain popularity, espe-
cially in developed countries, indicating that food 
safety is a major concern for consumers and this 
has driven the development of biopesticides.  

3     Category of Biopesticides 

 The US Environmental Protection Agency (EPA) 
categorizes biopesticides into biochemical pesti-
cides, microbial pesticides, and plants containing 
added genetic material. However, the most com-
mon categories of biopesticides are botanicals and 
microbial pesticides. Botanical pesticides refer to 
pesticides of plant origin, whereas microbial pesti-
cides refer to pesticides that include microorgan-
isms such as bacteria, fungi, and viruses. 

3.1     Microbial Pesticides 

 Plant insects and pathogens are often naturally 
infected (for insects) or antagonized (for patho-
gens) by various kinds of microorganisms. Some 
common fungi in nature such as  Trichoderma  
spp. have the ability to antagonize plant patho-
gens either through parasitization, antibiosis, or 
competition, while other fungi, such as  Beauveria 
bassiana , act as entomopathogens against a 
number of insect species. These two fungi are 
used commercially in plant nurseries, forestry 
plantations, and fi eld crops for insect pest control 
(Quarles  2011 ). A report suggested that  Beauveria 
bassiana  accounted for about one third of the 171 
mycoinsecticides and mycoacaricides available 
commercially (Faria and Wraight  2007 ). A 
number of fungi have also been developed for 
weed control although only a few of them are 
available commercially (Chutia et al.  2007 ). 

 Other microbial pesticides include those products 
based on bacteria. These products are developed 
for the management and control of plant diseases, 
nematodes, insects, and weeds. The most well-
known and widely used microbial pesticide is 
 Bacillus thuringiensis , or Bt. It produces insecti-
cidal proteins that are harmful to the larvae of 
lepidoptera, coleoptera, and diptera. The proteins 
cause insect pests to stop feeding and fi nally die. 
Bt has been proven to be so effective that it has 
been in commercial use in the agricultural 
sector for more than 50 years. It was reported 
that the majority of biopesticides sales involved 
 B. thuringiensis  (Sanchis and Bourguet  2008 ). 

 There are a number of virus formulations 
available for insect control (Quarles  2011 ). The 
most common viruses in use are granulosis virus 
(GV) and nuclear polyhedrosis virus (NPV). Both 
are baculoviruses, a family of large rod- shaped 
viruses. These viruses are active against a number 
of insect pests. To be active, these viruses must be 
ingested by target insects. When a susceptible 
caterpillar, for example, ingests the viruses, the 
microcapsule dissolves and the virus begins to 
infect the cells lining the midgut. After a signifi cant 
buildup of the virus inside the insect’s body, 
symptoms will be noticed such as refusal to eat, 
and in later developmental stages the cuticle 
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ruptures easily. It will take 3–8 days for a virus to 
cause death. An example of a commercially 
successful viral insecticide is the granulovirus of 
the codling moth  Cydia pomonella .  

3.2     Botanical Pesticides 

 In addition to producing primary metabolites 
such as carbohydrates, proteins, and lipids, plants 
are known to produce secondary metabolites. A 
plant secondary metabolite is not directly involved 
in normal growth, development, and reproduc-
tion, but it usually performs an ecological role to 
govern the relation between plants and other 
organisms. Some compounds may have bitter 
taste that act to repel or deter herbivorous insects 
while other compounds can be toxic. There are 
three major classes of plant secondary metabolites: 
terpenes, phenolics, and alkaloids. Azadirachtins, 
the most active compounds of neem extract/oil, are 
triterpenoids. Terpenes are made up of carbon 
and hydrogen. Oxidation of terpenes results in 
terpenoids. Monoterpenoids and sesquterpenoids 
are the primary components of plant essential 

oils. Figure  18.1  shows the different chemical 
groups found in plants.

   Plant secondary metabolites can be extracted 
as valuable sources of botanical pesticides. Grainge 
et al ( 1984 ) provided a list of plants that have 
pest control properties such as attractant, anti-
feedant, repellent, growth inhibitor, and insecti-
cidal. Among those plants, 1,053 are insecticidal, 
384 are antifeedants, 297 are repellents, and 32 
are growth inhibitors (Ignacimuthu  2012 ). Of the 
many plants that have been identifi ed as having 
insect control properties, only about 30 have 
commercial potential, and these include neem 
( Azadirachta indica  A. Juss), tobacco ( Nicotiana 
tabacum  L.), pyrethrum ( Tanacetum cinerariae-
folium  (Trevir.) Sch.), sabadilla ( Sabdilla offi ci-
narum  Brandt Ratzeb),  derris ( Derris chinensis  
Benth), basil ( Ocimum tenuifl orum  L.), jatropha 
( Jatropha curcas  L.), spearmint ( Mentha spicata  
L. and  M. arvensis ), garlic ( Allium sativum  L.), 
and eucalyptus ( Eucalyptus globulus  Labill) 
(Ignacimuthu  2012 ). 

 One of the most widely used phytochemicals 
is azadirachtin which is derived from the neem 
tree ( Azadirachta indica ). This bioactive compound 
affects the reproductive and digestive processes 

  Fig. 18.1    Diverse chemical groups present in essential oils adapted from (Handa  2008 )       
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of a number of important pests. Azadirachtin’s 
structure is similar to the natural insect-molting 
hormone ecdysone. Azadirachtin interrupts the 
ability of the insect pest to undergo metamorpho-
sis (Hassan  1999 ; Bhuiyan, et al.  2001 ) and can 
cause sterility of emerged adults. Immature insects 
that ingest azadirachtin may molt prematurely or 
die. Deformation of adults often occurs due to 
hormonal disturbance.   

4     Advantages 
and Disadvantages 
of Biopesticides 

4.1     Advantages 

 When exposed to sunlight, plant-based compounds 
breakdown easily into nontoxic substances within 
hours or days. Therefore, food contamination 
by biopesticides is less likely to happen. 
Contamination of soil and groundwater is a rare 
case except for in rotenone-based botanical 
insecticides. 

 Insect resistance to biopesticides is less likely 
to occur because the complexity of mixtures in 
the plant extracts and oils can act to disrupt the 
selection process (Berenbaum and Zangerl  1996 ; 
Scott et al.  2003 ). A number of plant products are 
fast acting, thereby preventing insect feeding 
and ultimately avoiding further crop damage. 
Furthermore, because many plant-based biopesti-
cides act on the insect’s gut enzymes and 
breakdown faster in the environment, they can 
be selectively applied to insect pests and are 
therefore safer to nontarget organisms (Hedin 
and Hollingworth  1997 ; Krishnamoorthy and 
Atmakuri  1999 ; Schmutterer  1997 ). 

 Biopesticides typically have multiple modes 
of action and do not rely on a single target site for 
effi cacy. This situation causes insects to have a 
low tolerance to botanical insecticides as their 
detoxifi cation enzymes can have diffi culty in 
metabolizing the mixture (Berenbaum and 
Zangerl  1996 ; Scott et al.  2003 ). For example, 
azadirachtin (from neem) has been in long-term 
use as an insecticide for controlling crop and 
storage pests with no evidence of tolerance in 

target organisms found to date (Kraiss and Cullen 
 2008 ; Rharrabe et al.  2008 ). The responsible 
and safe use of biopesticides has the potential 
to extend the effective fi eld life of products by 
curtailing the development of resistant insect 
pest populations. 

 Biopesticides provide growers with valuable 
tools to manage insect pests in an environmen-
tally friendly manner. Generally, biopesticides 
have been shown to have limited adverse effects 
on the environment, fl ora and fauna, and the 
wider public (Brown  1978 ; Georghiou and Saito 
 1983 ; Hayes and Laws  1991 ; Lopez et al.  2005 ). 
Other positive aspects of using biopesticides are 
their ability to help maintain benefi cial insect 
populations, their nonhazardous application, and 
their effective use in resistance management 
programs. 

 Today’s consumers are more aware and 
knowledgeable about their health and the foods 
that they eat. To meet the growing demand for 
producing high-quality fruit and vegetables year- 
round, growers are mindful that consumers view 
produce grown with less or no synthetic chemical 
inputs as safer to eat, healthier, and friendlier to 
the environment. Consequently, organic farming 
has expanded greatly in the USA, Europe, and 
other countries. 

 Most biopesticides worldwide are exempt 
from residue limits on fresh and processed foods. 
When growers use biopesticides, either alone or 
together with reduced application of conventional 
pesticides, consumer exposure to regulated pesti-
cide residues is reduced. This provides benefi ts to 
food producers, grocery retailers, and consumers. 
Essentially, these factors provide a solid founda-
tion for the provision of wholesome food and 
vegetables to meet the supply and demand of 
today’s sophisticated consumers. 

 Insecticides of plant origin include different 
compounds that provide various modes of action 
that can be targeted toward specifi c insect pests. 
Biopesticides generally do not act or harm against 
benefi cial insect populations. It is important to 
protect benefi cial insects and animals as they 
help pollinate plants and can be natural predators 
of the insects infesting the crop. For example, 
bees, ladybird beetles, butterfl ies, birds, and 
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parasitic wasps fall into this category. Maintaining 
natural enemy populations against insect pests, 
biopesticides play a signifi cant role in integrated 
pest management (IPM) programs. This approach 
in combination with cultural and biological 
controls keeps benefi cial insects healthy and 
helps keep insect pest populations below eco-
nomic threshold.  

4.2     Disadvantages 

 Rapid degradation of most botanical insecticides 
can be considered as an advantage, but conse-
quently more frequent application is required. 
Commercial formulations of botanical insecticides 
are often more expensive than the synthetics 
mainly due to the high cost of raw materials 
(labor intensive in collecting neem seeds) and 
extraction processes in order to optimize the 
quantity of active compounds. Therefore, inves-
tigation of the insecticidal properties of cheap 
and readily available natural products such as 
vegetable oils is strongly encouraged. It is impor-
tant to note that crop protection products must 
be readily available with assured continuity of the 
supply before they are adopted on a broad scale. 
The quantity of plant secondary metabolites 
often varies between seasons and locations so it 

is not easy to standardize the quality of botanical 
pesticides.   

5     Extraction Techniques 
for Biopesticides 

 Plant extraction is the separation or isolation of 
particular chemicals from plant tissue using 
selective solvents in a range of procedures. 
Extraction techniques separate the soluble plant 
metabolites and leave behind the insoluble 
cellular material. Extraction is a critical step in 
exploring bioactivity of phytochemicals. Plants 
produce complex mixtures of metabolites including 
alkaloids, glycosides, terpenoids, fl avonoids, 
and lignans. Various techniques are available to 
further isolate fractions or individual compounds 
from the crude extracts. Essential oils are plant 
products usually obtained by distillation or other 
extraction methods. Figure  18.2  shows plant 
organs containing essential oils.

   The quality of a plant extract is determined by 
the plant parts, extraction solvents, extraction 
techniques (extraction technology), and type of 
equipment used. Figure  18.3  shows special 
structure of the plant tissue where essential oils 
are usually available. A number of methods are 
available for phytochemical extraction, and the 

  Fig. 18.2    Plant organs containing essential oils (Handa  2008 )       
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choice among them is determined by the physico-
chemical properties and stability of the phytocon-
stituents to be obtained. Figure  18.4  shows 
general methods for producing essential oils from 
plant materials. For the extraction of volatile 
compounds such as essential oils, the simplest 
methods are hydro-distillation and steam distilla-
tion, while for nonvolatile compounds, they are 
cold fat extraction, expression, maceration, and 
solvent extraction. More advanced extraction 
technologies are available including supercritical 
fl uid extraction.

5.1        Maceration 

 Maceration is an inexpensive way to extract 
essential oils and other bioactive compounds. 
This extraction technique involves several steps 
(Azmir et al.  2013 ; Handa  2008 ): Firstly, plant 
materials are ground into small particles to 
increase surface areas for optimal mixing with 
solvents and then an appropriate solvent is added 
in a closed vessel. The vessel is kept at room 
temperature for at least three days or until the 
soluble matter has dissolved (constant shaking is 
often needed). Following this, the liquid is strained 
off and the marc (solid material) is pressed and 
then the combined liquid is fi ltered. To increase 
solvent effi ciency, gentle heat may be used during 

the extraction process if this is not destructive to 
the bioactive compounds (Handa  2008 ). 

 There are several factors that need to be 
 considered when performing extractions with 
maceration techniques (Singh  2008 ):
    1.    Continuous hot extraction should be avoided 

when phytochemicals are susceptible to high 
temperature.   

   2.    Solvent selection depends on the solubility of 
the phytochemicals.   

   3.    Solvent can be recovered under reduced pres-
sure to minimize evaporation temperatures so 
that thermolabile compounds can be retained.   

   4.    For a large-scale extraction, it is very important 
to improve the effi ciency of extraction to 
minimize solvent requirements.    
  Circulatory extraction is an example of an 

improved maceration procedure (Singh  2008 ). In 
circulatory extraction, the solvent is circulated 
continuously through plant materials by pumping 
it from the bottom of the vessel (through an outlet) 
and then redistributing it over the surface of the 
plant materials.  

5.2     Hydro-distillation 

 Hydro-distillation is a common method to isolate 
essential oils from plant materials. Three types of 
hydro-distillation are available: water distillation, 

  Fig. 18.3    Family-specifi c plant tissues responsible for producing essential oils (Handa  2008 )       
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water and steam distillation, and direct steam 
distillation (Handa  2008 ). 

5.2.1     Water Distillation 
 In water distillation, the plant material is placed 
inside a still compartment and immersed in water 
that is then brought to boil by heating. This process 
frees plant biochemicals, particularly volatile 
compounds (essential oils), from the plant tissue. 
The vapor is then condensed by indirect cooling 
with water. The distillate is then fi ltered through 
a separator to separate oil from distillate water. 
The advantages of this type of distillation are 
as follows: it can be used for fi nely powdered 
material or plant materials that normally form 
lumps when contacted with steam, and the still 
compartments are inexpensive, easy to build, and 
suitable for fi eld operations. The disadvantages 
of water distillation are as follows: it is impossible 
to extract all of the essential oils and constituent 
chemicals may be hydrolyzed (certain esters) or 
polymerized (aldehydes). This process is higher 
in cost than other distillation techniques as a 
larger volume of material must be processed to 
extract a similar volume of essential oils making 
this technique time and resource intensive. 

Therefore, water distillation is used only when 
other hydro-distillation techniques (water and 
steam distillation and direct steam distillation) 
are unsuitable.  

5.2.2     Water and Steam Distillation 
 The equipment used for water and steam distilla-
tion is similar to that used for water distillation. 
The difference is that the plant material is placed 
above the boiling water on a perforated grid in 
water and steam distillation. When compared with 
water distillation, this method produces a higher 
yield of oil with less hydrolysis and polymeriza-
tion while being faster and more energy effi cient. 
However, this distillation technique reduces the 
capacity of the still.  

5.2.3     Direct Steam Distillation 
 In direct steam distillation, the steam used to distil 
plant materials is generated from a boiler placed 
outside the still. This distillation method is advan-
tageous because the released steam can easily be 
controlled and the temperature generated will not 
exceed 100 °C so thermal degradation of phyto-
chemicals is less likely to occur. The disadvantage 
is that the equipment required is more expensive 

  Fig. 18.4    Methods of extraction of essential oils from plants (Handa  2008 )       
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than the other two distillation techniques. However, 
as it can accommodate a large-scale oil production, 
this distillation technique is most widely utilized.   

5.3     Expression 

 Expression refers to a physical process, usually 
achieved by a combination of crushing and pressing, 
that forces the plant material to release its oil. This 
method works well for plant materials that con-
tain high quantity of oil such as seeds. Neem oil 
and many vegetable oils can be extracted by this 
method. Citrus or lemon essential oils can also 
be extracted from fruit peel using expression. The 
expression method often generates heat through 
friction that may damage the quality of oil.  

5.4     Cold Pressing 

 Cold pressing is a process of expression in which 
temperatures are kept as low as possible to main-
tain the natural structure of the oil and therefore 
preserve quality. There is still no global  agreement 
in the standard maximum temperature of cold 
pressing. Some suggest that it should be no more 
than 27 °C, but the others have a standard of 
no more than 49 °C. In this extraction method, 
stainless steel presses are commonly used for 
pressing and grinding.  

5.5     Hot Continuous Extraction 
(Soxhlet) 

 Soxhlet extraction has been widely used to iso-
late phytochemicals. The general procedures are 
described in Azmir et al. ( 2013 ) and Handa 
( 2008 ) as follows: (1) a small amount of powdered 
plant material is placed in a thimble (a porous 
bag), which is placed in a designated chamber of 
the soxhlet apparatus; (2) solvent is placed in a 
glass fl ask at the bottom of soxhlet apparatus that 
is heated; (3) the vapor that is produced is then 
condensed so that the solvent drips into thimble; 
(4) when the chamber of the thimble becomes 
full, the solvent fl ows back into the solvent fl ask; 

and (5) this process continues until the plant 
material is fully extracted.  

5.6     Microwave-Assisted 
Extraction (MAE) 

 In microwave-assisted extraction, the following 
process occurs (Pangarkar  2008 ): (1) there is a 
direct transfer of heat to plant material that causes 
instantaneous heating of moisture in the solid; 
(2) the heated moisture evaporates and creates a 
high vapor pressure; and (3) the vapor pressure 
breaks cell walls causing them to release oils. 
The advantages of MAE are reduced heat degra-
dation, reduced processing cost, reduced extraction 
time, much lower energy usage, and much lower 
solvent usage (Pangarkar  2008 ).  

5.7     Supercritical Fluid 
Extraction (SFE)  

    Supercritical fl uid extraction (SFE) is a new 
important alternative to conventional extraction 
methods such as hydro-distillation and organic 
solvent extraction. This new extraction method does 
not cause hydrolysis or degradation of thermolabile 
compounds as often occurs with hydro- distillation 
or conventional solvent extraction. With SFE, 
there is no need to remove expensive solvent via 
evaporation. 

 A supercritical fl uid refers to any substance in 
a stage where distinct liquid and gas phases do 
not exist. This occurs when the substance’s 
temperature and pressure are above its critical 
point. The most commonly used supercritical 
fl uid is CO 2 . The critical temperature of CO 2  is 
31 °C and the critical pressure is 73.825 bars. 

 Supercritical fl uid extraction results in extracts 
with low viscosities and high diffusiveness that are 
easily recovered as the supercritical fl uid can 
return to gas phase by simply depressurizing, 
leaving little or no solvent residue. The main dis-
advantage is that the investment cost for SFE is 
higher than the traditional atmospheric extraction 
techniques (Martin et al.  2012 ). Another disadvan-
tage is that CO 2  has low polarity and is more 
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 effective for extraction of nonpolar substances. 
However, this limitation has been addressed by the 
use of chemical modifi ers that can increase polarity 
(Azmir et al.  2013 ). The common modifi ers are 
alcohols (1–10 % of the supercritical fl uid), which 
allow the mixtures to dissolve into more polar 
compounds (Martin et al.  2012 ). SFE is applicable 
for the extraction of numerous important phyto-
chemicals such as pyrethrins, azadirachtins, rote-
none, and also essential oils (Martin et al.  2012 ).  

5.8     Pressurized Liquid 
Extraction (PLE)  

 Pressurized liquid extraction or PLE is a new 
extraction method conducted under elevated 
 temperature and pressure. This method was fi rst 
reported by Richter et al. ( 1996 ). PLE is less time 
intensive and requires less solvent when com-
pared with traditional solvent extraction tech-
niques (Richter et al.  1996 ). PLE also provides a 
potential alternative to supercritical fl uid extrac-
tion for the extraction of polar compounds 
(Kaufmann and Christen  2002 ). 

 A study by Sae-Yun et al. ( 2006 ) revealed that 
PLE had higher extraction effi ciency in extracting 
rotenone (from  Derris elliptica  Benth and  Derris 
malaccensis  Prain) compared with the conven-
tional maceration method. Time and solvent con-
sumption during extraction was reduced from 72 h 
and 10 ml/g of dried sample using maceration to 
only 30 min and 3 ml/g of dried sample via PLE.  

5.9     Enzyme-Assisted 
Extraction (EAE)  

 Enzyme-assisted extraction (EAE) can be used to 
extract oils from plant parts such as seeds. 
Cellulase, amylase, and pectinase are among the 
enzymes that are most frequently used for oil 
extraction (Rosenthal et al.  1996 ). Two common 
approaches are available for this extraction 
method, namely, enzyme-assisted aqueous 
extraction (EAAE) and enzyme-assisted cold 
pressing (EACP) (Latif and Anwar  2009 ). In 

EAAE, the enzymes help to degrade the seed cell 
walls and rupturing the polysaccharide-protein 
colloid; however, in EACP, the enzymes only 
facilitate the hydrolysis (Latif and Anwar  2009 ). 
Little is known on the use of enzyme-assisted 
extraction for phytochemicals with pest control 
properties. However, these extraction methods 
are expected to have a role in the near future since 
many plant vegetable and essential oils are 
currently used as biopesticides. Several studies 
revealed that enzyme-assisted extraction methods 
can increase the yield of oil with only little 
change on the quality (Latif and Anwar  2009 ; 
Sowbhagya et al.  2009 ).   

6     Production of Biopesticides 

 Agriculture sectors face many obstacles in 
producing profi table crops. One of the primary 
obstacles is pest pressure in agroecosystems. 
High pest control standards in crop production 
have led the industry to rely on conventional 
pesticides that result in increased chemical 
residues at harvest, increased development of 
resistance, and consequently, increased cost to 
growers. The Food Quality Protection Act (1996) 
encouraged the reduction in the use of conven-
tional pesticides in food production for human 
consumption and also encouraged farmers to use 
more environmentally friendly pesticides, such 
as biopesticides. 

 The global biopesticides market has been 
growing since the mid-1990s and is expected to 
reach $3.2 billion by 2017 (Global Biopesticides 
Market – Trends and Forecasts (2012–2017)) and 
Thakore ( 2006 ). In this growth, organic farming 
and chemical-free crops are the key factors 
encouraging international companies to add more 
biopesticides to their product ranges. This trend 
is refl ected in the recent increase in biopesticide 
product registrations in the USA from 175 regis-
tered in 1998 to 452 in 2009 (Regnault-Roger 
 2012 ). In Canada, 86 products were registered 
for controlling agricultural and domestic pests in 
2010 (Agriculture and Agri-Food Canada  2010 ). 
In recent years, more biopesticides have been 
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approved  compared to conventional pesticides by 
authorities. For instance, the US Environmental 
Protection Agency approved eight biopesticides 
in 2011 of which half were microbial and the 
other half botanical (Agropages.com  2012 ). In 
China, insecticidal microbial biopesticides are 
the leading group with 13 registrations, followed 
by 6 fungicides and 2 nematicides (Agrow  2013 ; 
Zhang et al.  2011 ). 

 Microbial pesticides include bacteria, fungi, 
viruses, protozoa, and nematodes and are the 
leading category in production and consumption 
of biopesticides. The major companies that 
dominate the microbial biopesticides market 
include: AG Biotech Australia Pty Ltd., 
AgraQuest Inc., Bayer Crop Protection Gmbh, 
BioWorks Inc., BionTech Inc., Certis USA 
LLC, Greeneem, Isagro SpA, Kumiai Chemical 
Industry Co. Ltd., Marrone Bio Innovations, 
Koppert B.V., Prophyta Biologischer Pfl an-
zenschutz GmbH, San Jacinto Environmental 
Supplies, Sumitomo Chemical Co. Ltd., 
Syngenta International AG, Troy Biosciences 
Inc., and Valent Biosciences Corporation. 
Microbial pesticides accounted for approxi-
mately 63 % of the global biopesticide market 
with  Bacillus thuringiensis  and its  subspecies 
being the most widely used (marketsandmarkets.
com  2012 ). The USA, China, Russia, and India 
are the leading producers of microbial pesticides 
(Leng et al.  2011 ).  Bacillus subtilis ,  Trichoderma 
gamsii , and  Trichoderma harzianum  are the 
most popular microbial biopesticides in the USA, 
and their market share signifi cantly increased in 
recent years (Agropages.com  2013a ). In China, 
a total of 23 registered microbial pesticides (9 
bacteria, 7 fungi, and 7 viruses) are sold, and 
these are manufactured by 134  different compa-
nies (Agrow  2013 ). Chinese biopesticides com-
panies’ cumulative sales were 6.2 billion yuan, 
and this amount accounted for 12 % of the total 
pesticide sales in 2010 (Agropages.com  2011 ). 
While in India, the total registered biopesticide 
products numbered 12. Leng et al. ( 2011 ) assert 
that there are 410 Indian companies manufactur-
ing biopesticides, with 130 of these operated by 
private sector (Leng et al.  2011 ). 

 Several botanical biopesticides, such as 
pyrethrins, azadirachtin, rotenone, and essential 
oils, are already widely used in specialty crop 
production, particularly for organic production. 
These compounds are usually considered rela-
tively safe for humans and the environment. The 
unique mode of action of botanical biopesticides 
promises potential for their use in rotation with 
other reduced-risk pesticides. Microbial biopesti-
cides are dominating the biopesticide market, but 
new active compounds are expected to contribute 
to the growth of botanical biopesticide sales. 

 Pyrethrum, azadirachtin (neem), rotenone, and 
essential oils are four major types of botanical 
biopesticide that dominate the world biopesticide 
market. Kenya and Australia are the leading pyre-
thrum-producing countries, with Kenya alone 
producing 70 % of pyrethrum world production 
(Cavoski et al.  2011 ). Pyrethrum is also grown in 
Tanzania and Ecuador but their productions 
are small quantities (Attia et al.  2013 ). There are 
many formulations of pyrethrum used in agricul-
tural pest management, public health, and struc-
tural pest control (Table  18.1 ). Pyrethrum sales 
account for 80 % of total global botanical insecti-
cides (Isman  2005 ).

   Azadirachtin is the active compound of neem 
oil that is extracted from the seeds of the neem 
tree ( Azadirachta indica ). The neem tree is native 
to India and Burma and has also been planted 
widely in Asia, Africa, and Australia. India has 
the largest neem tree plantations with 20 million 
rootstocks and accounting for 60 % of the entire 
neem tree population (Agropages.com  2013b ). 
The total neem oil production of India is approxi-
mately 2.5 lakh (Indian measurement) tonnes. 
However, this number may rise to 7 lakh tonnes 
with some development programs. India exported 
US$ 5.73 million neem-based products in 2012 
to the leading importers USA, Italy, Japan, and 
Spain (Agropages.com  2013b ). 

 Traditionally, aromatic plants were used in 
pest control. Mint, thyme, clove, and rosemary oils 
and their constituents are very effective against 
stored product insects and some important plant 
diseases and weeds. Tables  18.2  and  18.3  show 
lists of selected, commercially available essential 
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   Table 18.1    Examples of commercially available botanical insecticides and nematicides a    

 Active ingredient  Plant species  Company  Product name 

 Azadirachtin   Azadirachta indica   ThermoTrilogy  Neemix 90 EC, 
Neemazid, Trilogy 
90 EC, Triact 90 EC, 
Bioneem, 
Margosan-O, Azalin 
Align, Turplex, 
Bollwhim 

 Fortune  Fortune Aza, Fortune 
Biotech 

 Agridyne  Azatin 
 Karapur Agro  Neem Suraksha, 

Proneem, Neem 
Wave, Aza Technical 

 Trifolio-M  NeemAzal 
 Krishi Rasayan  Kayneem 
 Rallis  Neemolin 
 Consep  Surefi re Neemachtin 
 Stanes and PBT International  Nimbecidine 
 EID Parry and Andermatt  NeemAzad 
 Cyclo  Neememulsion 
 Rallis  Neemitox, Neemolin 
 RPG  Blockade 
 Agro Logistics  Neem Cake 

Agroneem 
 Gowan  AZA-Direct 
 PBI/Gordon  EI-783, EI-791, 

Azatrol EC 
 JB Chemicals  Jawan 
 Biostadt  Neemactin 
 Agri Life  Margosom 

 Tagros  Trineem 
 Biocontrol Network and Safer  Bioneem 
 Biocontrol Network  NeemPlus Liquid 
 Organica  K+ Neem 
 SOM Phytopharma  AquaNeem 
 Vipesco  Vineem 

 Nicotine   Nicotiana tabacum   United Phosphorus Ltd  Stalwart 
 Hortichem  No-Fid 
 Vitax  XL-All Nicotine 
 Dow AgroSciences  Nicotine 40 % 

Shreds 
 Bonide  Tobacco Dust 
 United Phosphorus Ltd  Nico Soap 

 Plant pelargonic and 
related fatty acids 

 Dow AgroSciences  M-Pede, De-Moss, 
Scythe I, Akzo-Nobel, 
Thinex 

(continued)

E. Hassan and A. Gökçe



373

 Active ingredient  Plant species  Company  Product name 

 Pyrethrins   Chrysanthemum 
cinerariaefolium  

 Prentiss  Prentox Pyrethrum 
Extract, ExciteR 

 Syngenta  Alfadex 
 MGK  Pyrocide, Evergreen, 

Premium Pyganic 
175, Pyganic Crop 
Protection EC 1.4, 
Pyganic Crop 
Protection EC 5.0 

 Frunol Delicia  Milon 
 Agropharm  Pycon 
 Consep  CheckOut 
 Kemio  Hash 
 Wilbur-Ellis  Py-rin Growers 

Spray 
 Diatect  Diatect II, Diatect 

III, Diatect V 
 Bonide  Bonide Liquid 

Rotenone- Pyrethrin 
Spray, Garden Dust, 
Earth Friendly Fruit 
Tree Spray/Dust 

 Woodstream  Safer Yard 
 Garden Insect Killer 

 Natural Animal Health Products  Ecozone Pyrethrum 
Insect Powder 

 Rotenone   Derris  spp. , Lonchocarpus  
spp.,  Tephrosia  spp. 

 Tifa  Chem Sect, Cube 
Root, Chem-Fish, 
Rotenone Extract 

 Vipesco  Vironone 
 Penick  PBNox 
 Wright Webb  Pyrellin 
 Prentiss  Prenfi sh, Noxfi sh, 

Nusyn-Noxfi sh, 
Synpren Fish 

 Bonide  Rotenone 5 %, 
Bonide Liquid 
Rotenone- Pyrethrin 
Spray, Garden Dust, 
Rotenone-Copper 
Dust 

 Sabadilla   Schoenocaulon offi cinale   Dunhill Chemical  Veratran D, Veratran 
 Ryania   Ryania speciosa   AgriSystems International  Natur Gro R-50, 

Natur Gro Triple Plus 
 Dunhill Chemical  Ryan50 

 Starch syrup  Kyoyu Agri  YE-621 
 Capsaicin   Capsicum frutescens   Soil Technologies  Armorex, 

Nemastroy, Valoram 
 Bonide  Bonide Hot Pepper 

Wax 
 Champon  Dazitol 
 Hot Pepper Wax  Hot Pepper Wax 

 Biocontrol Network  Hot Pepper Wax 
Animal Repellent 

Table 18.1 (continued)

(continued)
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oil-based fungicides and herbicides. Defi nitive 
lists are diffi cult to compile as aromatic plants are 
grown all over the world and there is no accurate 
total harvest of these crops.

7         Consumption 
of Biopesticides 

 Biopesticides contribute only a small percentage 
of the total pesticide market in the world; however, it 
is expected their use will rise faster than synthetic 
insecticides. In 2011, the global biopesticide market 
was valued at US$1.3 billion (Marketsandmarkets.
com  2012 ), whereas the total pesticide market 
(biopesticides and synthetic pesticides) was valued 
at US$37.5 billion (BCC Research  2012 ). The 
global market value of biopesticides is predicted 

to reach US$2.1 billion in 2012 and US$3.7 billion 
in 2017, giving a compounded annual growth 
rate (CAGR) of 12 % (BCC Research  2012 ). On 
the other hand, the global synthetic pesticide market 
value was predicted to reach US$44 billion in 
2012 and US$61.5 billion in 2017, giving a CAGR 
of only 7 % (BCC Research  2012 ). Increasing 
demand for biopesticides from the USA and 
European countries is expected to continue 
because of market growth in organic vineyards, 
vegetables, and tree crops. For example, Table  18.4  
shows the biopesticides usage in California from 
2012 to 2013. It is interesting to see that the 
use of vegetable oils increased every year. This 
growth is refl ected in the world with areas 
devoted to organic farming estimated to be at 
around 22 million hectares with 7.287 million 
hectares in Europe (Regnault-Roger  2012 ).

Table 18.1 (continued)

 Active ingredient  Plant species  Company  Product name 

 Cinnamaldehyde   Cassia tora   Monterey  Vertigo 
 Proguard  Cinnacure 

 Phenethyl propionate   Mentha piperita   Spectrum  Bag-a-Bug Japanese 
Beetle Trap, 
Japanese Beetle 
Combo Bait 

 Bioganic  Ecozap WaspHornet 
Insecticide, Ecozap 
Crawling and Flying 
Insecticide, Bioganic 
Flying Insect Killer 

 EcoSmart  EcoExempt HC, 
Matran, Ecopco D 
Dust Insecticide, 
Ecopco AC, Ecopco 
Jet 

 Arbico  Ecosafe 
 Trece  Japanese Beetle Bait 

II, Trece Japanese 
Beetle Trap 

 Woodstream  Ringer Japanese 
Beetle Bait 

 Suterra  Surefi re Japanese 
Beetle Trap 

 Vipesco  Vizubon-D 
 Garlic extract   Allium sativum   ECOSpray Ltd  Nemguard 
 Saponin  Nema-Q 
 Plant-derived porphyrin 
derivative 

  Quassia amara   Nemastop 

   a Data adapted from Cooping and Duke ( 2007 ) and Dayan et al. ( 2009 )  
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   In the USA and Europe, the  Cydia pomonella  
granulovirus is applied to combat codling moth on 
apples (Chandler et al.  2011 ). For example, in 
Washington State, the biggest apple producer in the 
USA, it is used on 13 % of the apple crop (Chandler 
et al.  2011 ). In Brazil, 4 million ha (approximately 
35 %) of soybean crops have been sprayed with 

 Nucleopolyhedrovirus  in order to control the 
 soybean caterpillar  Anticarsia  gemmatalis  in the 
mid-1990s (Moscardi  1999 ). Also in Brazil, the 
entomopathogenic fungus  Metarhizium anisopliae  
is used against spittlebugs in approximately 
750,000 ha of sugarcane and 250,000 ha of grass-
land annually (Lomer et al.  2001 ). 

   Table 18.2    Commercially available botanical herbicides a    

 Active ingredient  Plant species  Company  Product name 

 Clove oil   Syzygium aromaticum   EcoSmart  Matran EC 
 St. Gabriel Laboratories  BurnOut II concentrate 
 St. Gabriel Laboratories  Poison Ivy Defoliant 

 Fatty acids  Several plant species  Monterey  M-Pede 
 Pelargonic acid  Geraniaceae family members  Amvac  Hinder 

 Neudorff  Quik-RTU 
 Nufarm  Neo-Fat 
 Russell  Naturell WK herbicide 
 Otsuka  Oleate 
 Koppert  Savona 
 Neudorff  Neu 1128 
 Dow Agrosciences  Scythe I 

 Phenethyl propionate   Mentha piperita   EcoSmart  EcoSmart HC 
 EcoExempt  EcoExempt HC 
 Bioganic  Bioganic Weed and Grass Killer 

 Pine oil   Pinus  spp.  Certifi ed Organics Ltd  Interceptor 
 Citronella oil   Cymbopogon  spp.  Barrier Biotech Ltd  Barrier H 

   a The data in the table gathered from Cooping and Duke ( 2007 ) and Dayan et al. ( 2009 )  

   Table 18.3    Commercially available botanical fungicides and bactericides   

 Active ingredient  Plant species  Company  Product 

 Cinnamaldehyde   Cassia tora   Monterey  Vertigo 
 Proguard  Cinnacure 

 L-Glutamic acid plus 
γ-aminobutyric acid 

 Many plants  Auxein Corporation  AuxiGro 

 Jojoba oil   Simmondsia californica   IJO Products  E-Race 
  S. chinensis   Eco E-Race 

 Soil Technologies  Permatrol 
 Laminarin   Laminaria digitata   Goemar  Iodus 40 
 Milsana   Reynoutria sachalinensis   KHH BioScience  Milsana 
 Pink plume poppy extract   Macleaya cordata   Camas  Qwel 
 Giant knotweed extract   Reynoutria sachalinensis   Marrone Bio Innovations  Regalia 
 Tea tree oil   Melaleuca alternifolia   SIA “Biomor Latvija”  Timorex 
 Clove oil   Syzygium aromaticum   Xeda International  Bioxeda 
 Fenugreek seed powder   Trigonella foenum-graecum   Stimulia 

  Data adapted from Cooping and Duke ( 2007 ) and Dayan et al. ( 2009 )  
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   Table 18.4    The total usage of biopesticide in California between 2002–2011   

 Active ingredient 

 Total usage (%) 

 2002  2003  2004  2005  2006  2007  2008  2009  2010  2011 

 Acetic acid  –  –  –  –  –  –  –  0.01  0.12  – 
  Agrobacterium 
radiobacter  

 0.01  0.02  0.02  –  0.03  0.06  –  0.01  0.01  – 

 Azadirachtin  0,10  0.11  0.29  0,10  0.20  0.24  0.21  0.23  0.13  0.13 
  Bacillus pumilus   –  –  –  0.26  0.48  0.74  0.77  0.64  0.48  0.47 
  Bacillus sphaericus   0.25  0.81  1.41  2.52  3.83  2.13  2.04  1.66  0.92  0.63 
  Bacillus subtilis   1.01  1.38  1.67  1.04  1.45  1.83  1.59  1.48  1.5  1.53 
  Bacillus thuringiensis   7.37  10.58  15.59  17.24  20.61  27.96  27.05  27.56  21.8  16.15 
  Beauveria bassiana   0.06  0.06  0.09  0.06  0.05  0.07  0.05  0.03  0.03  0.04 
 Buffalo gourd root 
powder 

 –  –  –  –  –  0.01  0.03  –  –  – 

 Canola oil  –  –  –  –  –  –  –  –  0.01  – 
 Castor oil  0.03  0.10  0.04  0.01  –  –  –  –  –  – 
  Chenopodium 
ambrosiodes  near 
 ambrosiodes  

 –  –  –  –  –  –  –  1.86  0.73  0.49 

 Neem oil  16.09  4.83  8.65  8.65  8.15  11.68  9.97  9.71  8.16  4.39 
  Coniothyrium minitans   0.01  0.01  0.02  –  –  –  –  0.01  0.01  0.01 
 Gamma- aminobutyric 
acid 

 7.08  0.54  0.86  0.64  0.36  0.20  0.09  0.02  –  – 

 Garlic  0.04  0.02  0.02  0.01  0.01  0.01  0.02  0.00  0.30  – 
 Lavandulyl senecioate  –  –  –  –  –  –  –  0.04  0.03  0.38 
 Limonene  4.64  2.26  1.44  3.39  2.77  7.27  4.33  5.16  3.97  3.78 
 Linalool  0.01  0.02  0.02  0.01  0.01  0.01  0.01  0.01  0.08  0.01 
 Margosa oil  –  –  –  –  –  –  –  –  0.04  0.48 
 Menthol  –  –  –  0.01  –  –  –  –  –  – 
  Myrothecium 
verrucaria  

 1.93  3.75  3.98  2.06  2.11  3.16  2.27  2.13  1.61  1.73 

 Oil of citronella  –  –  –  –  –  –  –  –  –  0.02 
 Oil of jojoba  0.07  0.11  0.30  0.26  0.81  0.76  1.15  0.31  0.29  0.08 
 Oil of lemon eucalyptus  –  –  –  –  –  –  –  –  –  – 
  Paecilomyces lilacinus   –  –  –  –  –  –  –  –  0.02  0.03 
  Pseudomonas 
fl uorescens  

 0.07  0.16  0.09  0.07  0.08  0.06  0.04  0.03  0.02  0.02 

  Quillaja   –  –  –  –  0.01  0.03  0.11  0.04  0.05  0.07 
  Reynoutria 
sachalinensis  

 –  –  –  –  –  –  –  0.02  0.63  0.92 

 S-abscisic acid  –  –  –  –  –  –  –  0.01  0.06  0.12 
 Sesame oil  –  –  –  –  –  0.09  0.05  0.08  0.09  0.08 
 Soybean oil  1.77  2.63  5.02  3.41  5.94  1.55  1.14  2.59  1.68  1.50 
 Sucrose octanoate  –  –  –  –  –  –  0.16  0.37  0.08  0.01 
 Thyme  –  –  –  –  0.01  0.05  0.06  0.07  0.09  0.04 
  Trichoderma harzianum   –  –  –  –  –  –  –  –  0.04  0.01 
 Vegetable oil  5.89  11.23  24.80  15.41  21.66  16.24  25.72  17.92  22.75  32.17 
  Yucca schidigera   –  –  –  –  –  –  –  0.01  0.03  0.10 

  Data was obtained from the Summary of Pesticide Use Report Data 2011 published by California Department of 
Pesticide Regulation  
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 Biopesticides decompose in nature without 
bioaccumulation. Additionally, as these 
products often exist in the agroecosystem with 
few negative effects on nontarget organisms, 
they are regarded as environmentally friendly. 
Successful implementation of biopesticides 
will result in residue reduction, thereby 
producing a potentially safer product for the 
consumer. With the development and imple-
mentation of biopesticide control strategies, 
farmers and growers can decrease their 
reliance on the use of conventional pesticides 
against insect pests while at the same time, 
decreasing insect resistance to conventional 
pesticides.  

8     Biopesticide Solutions 

 In essence, biopesticides are an innovative and 
safe solution for crop protection and manage-
ment. The global biopesticide market is expand-
ing rapidly in response to a demand for more 
environmentally friendly products. Biopesticide 
products exist on the market for the management 
of a wide range of important agricultural pests 
and diseases. 

 For agricultural growers, using cost-effective 
production methods is only part of the equation 
to harvesting and storing crops. The grower’s 
income is determined on crop quality and yield. 
In an effort to achieve this output, biopesticide 
products can help growers improve crop quality 
and yield under challenging conditions. 
Microbial and biochemical products can be used 
in weed management and crop protection 
against pathogens, harmful insects, and numer-
ous plant diseases that may otherwise divert or 
restrict a crop’s access to valuable resources 
such as water, sunlight, or nutrients. Therefore, 
biopesticides promote crop health therefore 
increasing its salability. With organic farming 
systems becoming more popular due to con-
sumer demand, biopesticide products provide 
growers with a means by which to produce 
higher-quality crops and larger yields that con-
form to consumer requirements.  

9     Conclusion 

 World agricultural sectors face many obstacles, 
and pest pressure is particularly signifi cant due to 
the evolution of resistance to synthetic pesticides. 
Many growers still rely on the use of conventional 
pesticides to protect their crops for fi nancial rea-
sons. However, due to their negative effects, the 
use of conventional pesticides has been strictly 
regulated. The use of alternatives such as biopes-
ticides provides benefi ts as they are safer for the 
environment. Although the global market value is 
relatively small compared to that of synthetic pes-
ticides, the growth rate in the biopesticides market 
value is encouraging. Growth in the agricultural 
sectors of affl uent countries, in which the use of 
synthetic pesticides is controversial due to con-
cerns related to human health, can only lead to 
increased demand for biopesticides.     
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    Abstract  

  The environmental hazards resulting from the intensive use of synthetic 
pesticides have made it imperative to consider alternative approaches for 
sustainable agricultural development. Biopesticides of plant origin have 
been found to be a better alternative, and the research and development 
during the past 30 years have led to a perfect understanding of the interac-
tions between plants and pests. These new crop protection agents of plant 
origin and their place in integrated pest biocontrol have been recognized, 
and a lot of R&D activities are going on to develop user and environment-
friendly formulations with commercial viability. In this chapter, attempts 
have been made to discuss the existing biocontrol agents, their uses in crop 
protection, the search for new supply sources, and current and future 
 commercial developments.  
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1        Introduction 

 Over the next 20 years, crop production will have 
to increase signifi cantly to meet the needs of a 
rising human population. This has to be done 
without damaging the other public goods— 
environment and social that farming brings. 
There will be no “silver bullet” solution to the 
impending food production challenge. Rather, a 
series of innovations must be developed to meet 
the different needs of farmers according to their 
local  circumstances (Bastiaans et al.  2008 ). 
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 One way to increase food availability is to 
improve the management of pests. There are esti-
mated to be around 67,000 different crop pest spe-
cies including plant pathogens, weeds, 
invertebrates, and some vertebrate species, and 
together they cause about a 40 % reduction in the 
world’s crop yield. Crop losses caused by pests 
undermine food security alongside other 
 constraints, such as inclement weather, poor soils, 
and farmers’ limited access to technical knowl-
edge (Speranza et al.  2008 ). Since the 1960s, pest 
management in the industrialized countries has 
been based around the intensive use of synthetic 
chemical pesticides. Alongside advances in plant 
varieties, mechanization, irrigation, and crop 
nutrition, they have helped increase crop yields by 
nearly 70 % in Europe and 100 % in the United 
States (Pretty  2008 ). However, the use of syn-
thetic pesticides is becoming signifi cantly more 
diffi cult owing to a number of interacting factors:
•    The injudicious use of broad-spectrum pesti-

cides can damage human health and the envi-
ronment (MEA  2005 ). Some of the “older” 
chemical compounds have caused serious 
health problems in agricultural workers and 
others because of inadequate controls during 
manufacture, handling, and application.  

•   Excessive and injudicious prophylactic use of 
pesticides can result in management failure 
through pest resurgence, secondary pest prob-
lems, or the development of heritable resis-
tance (Van Emden and Service  2004 ). 
Worldwide, over 500 species of arthropod 
pests have been found resistant to one or more 
insecticides (Hajek  2004 ), while there are 
close to 200 species of herbicide-resistant 
weeds (Heap  2010 ).  

•   Pesticide products based on “old” chemistry 
are being withdrawn because of the new health 
and safety legislation (PSD  2008a ,  b ). 
However, the rate at which new, safer chemi-
cals are being made available is very low. This 
is caused by a fall in the discovery rate of new 
active molecules and the increasing costs of 
registration (Thacker  2002 ).  

•   Further pressures on pesticide use arise from 
concerns expressed by consumers and pres-
sure groups about the safety of pesticide resi-
dues in food. These concerns are voiced 

despite the fact that pesticides are among the 
most heavily regulated of all chemicals.    
 Over the past 50 years, crop protection has 

relied heavily on synthetic chemical pesticides, but 
their availability is now declining due to the new 
legislation and the evolution of resistance in pest 
populations, residue problem, and destructions to 
benefi cial organisms. Therefore, alternative pest 
management tactics are needed. Biopesticides are 
pest-management agents based on living microor-
ganisms or natural products (Gelernter  2005 ). They 
have proven potential for pest management, and 
they are being used across the world. However, 
they are regulated by systems designed originally 
for chemical pesticides that have  created market 
entry barriers by imposing burdensome costs on 
the biopesticide industry. There are also signifi cant 
technical barriers in making biopesticides more 
effective (Marrone  2007 ). In the European Union, a 
greater emphasis on integrated pest management 
(IPM) as part of agricultural policy may lead to 
innovations in the way that biopesticides are regu-
lated (Moser et al.  2008 ). There are also new 
opportunities for developing biopesticides in IPM 
by combining ecological science with post- 
genomics technologies. The new biopesticide 
products that will result from this research will 
bring with them new regulatory and economic 
challenges that must be addressed through joint 
working between social and natural scientists, pol-
icy makers, and industries (Morse et al.  2002 ).  

2    Current Botanicals in Use 

 At present there are four major types of botanical 
products used for insect control (pyrethrum, rote-
none, neem, and essential oils), along with three 
others in limited use (ryania, nicotine, and saba-
dilla). Additional plant extracts and oils (e.g., gar-
lic oil,  Capsicum oleoresin ) see limited (low 
volume) regional use in various countries, but 
these are not in common use as far as India is con-
cerned. In discussing the extent to which each of 
the more important botanical insecticides is used, 
often the data are referred published annually by 
the State of California’s Department of Pesticide 
Regulation (CDPR  2005 ). Although not necessar-
ily representative of uses in other jurisdictions, 
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total pesticide use (in terms of active ingredient 
applied) in California is estimated to the tune of 
more than 175 million pounds, or 80,000 tonnes, 
in 2003. This amount represents approximately 
6 % of the global  pesticide use, of which 91 % 
was used for agriculture. Pesticide use data in 
California are reported by active ingredient and 
by crop or other use and as such are perhaps the 
world’s most accurate and detailed records of 
pesticide use available to the general public. 

2.1    Pyrethrum 

 Pyrethrum refers to the oleoresin extracted from 
the dried fl owers of the pyrethrum daisy, 
 Tanacetum cinerariaefolium  (Asteraceae). The 
fl owers are grounded to fi ne powder and then 
extracted with hexane or a similar nonpolar 
 solvent; removal of the solvent yields an orange- 
colored liquid that contains the active principle 
(   Casida and Quistad  1995 ; Glynne-Jones  2001 ). 
These are three esters of chrysanthemic acid and 
three esters of pyrethric acid. Among the six esters, 
those incorporating the alcohol pyrethrolone, 
namely, pyrethrins I (Fig.  19.1 ) and II, are the 
most abundant and account for most of the insecti-
cidal activity. Technical grade pyrethrum, the resin 
used in formulating commercial insecticides, typi-
cally contains from 20 to 25 %  pyrethrins (Casida 
and Quistad  1995 ). The insecticidal action of the 
pyrethrins is characterized by a rapid knockdown 
effect, particularly in fl ying insects, and hyperac-
tivity and convulsions in most insects. These 
symptoms are results of the neurotoxic action of 
the pyrethrins, which block voltage-gated sodium 
channels in nerve axons. As such, the mechanism 
of action of pyrethrins is qualitatively similar to 
that of DDT and many synthetic organochlorine 
insecticides. In purity, pyrethrins are moderately 
toxic to mammals (rat oral acute LD 50  values 
range from 350 to 500 mg kg −1 ), but technical-
grade pyrethrum is considerably less toxic 
(1,500 mg kg −1 ) (Casida and Quistad  1995 ). 
Pyrethrins are especially labile in the presence of 
the UV component of sunlight, a fact that has 
greatly limited their use outdoors. A recent study 
indicated that the half- lives of pyrethrins on fi eld-
grown tomato and bell pepper fruits were 2 h or 

less (Antonious  2004 ). This problem created the 
impetus for the development of synthetic deriva-
tives (pyrethroids) that are more stable in sunlight. 
The modern pyrethroids, developed in the 1970s 
and 1980s, have been highly successful and repre-
sent one of the rare examples of synthetic pesti-
cide chemistry based on a natural product model.

   However, note that the modern pyrethroids 
bear little structural resemblance to the natural 
pyrethrins, and their molecular mechanism of 
action differs as well. The data generated on use 
of pyrethrum from California in 2003 clearly 
demonstrate the dominance of this material 
among botanicals: Pyrethrum accounted for 74 % 
of all botanicals used that year, but only 27 % of 
that amount was used in agriculture (≈800 kg). 
Major uses of pyrethrum in California are for 
structural pest control, in public health, and for 
treatment of animal premises. Pyrethrum is the 
predominant botanical in use, perhaps accounting 
for 80 % of the global botanical insecticide mar-
ket (CDPR  2005 ; Isman  2005 ). For many years, 
world production of pyrethrum was led by Kenya, 
with lesser quantities produced in Tanzania and 
Ecuador. In the past 5 years, Botanical Resources 
Australia, with plantings in Tasmania, has become 
the second largest producer in the world (~30 % 
of the world’s production at present). Pyrethrum 
produced in Tasmania is qualitatively similar to 
that produced in the East.  

2.2    Neem 

 Two types of botanical insecticides can be 
obtained from the seeds of the Indian neem tree, 
 Azadirachta indica  (Meliaceae) and neem oil 
(Schmutterer  2002 ). Neem oil, obtained by cold- 
pressing seeds, can be effective against soft- 
bodied insects and mites but is also useful in the 
management of phytopathogens. Apart from the 
physical effects of neem oil on pests and fungi, 
disulfi des in the oil likely contribute to the bioac-
tivity of this material. More highly valued than 
neem oil are medium-polarity extracts of the 
seed residue after the removal of the oil, as these 
extracts contain the complex triterpene azadi-
rachtin (Fig.  19.2 ). Neem seeds actually contain 
more than a dozen azadirachtin analogs, but the 
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major anti-insect bioactive form is azadirachtin, 
and the remaining minor analogs likely contrib-
ute little to overall effi cacy of the extract 
(Rembold and Mwangi  2002 ). Seed extracts 
include considerable quantities of other triterpe-
noids, notably salannin, nimbin, and derivatives 
thereof. The role of these other natural sub-
stances has been controversial, but most evi-
dence points to azadirachtin as the most important 

active principle. Neem seeds typically contain 
0.2–0.6 % azadirachtin by weight, so solvent 
partitions or other chemical processes are 
required to concentrate this active ingredient to 
the level of 10–50 % seen in the technical grade 
material used to produce commercial products.

   Azadirachtin has two profound effects on 
insects. At the physiological level, azadirachtin 
blocks the synthesis and release of molting 

  Fig. 19.1    Active constituents of some botanical insecticides from various plant sources discussed in this review. 
( a ) Nicotine, ( b ) pyrethrin I, ( c ) rotenone, ( d ) cevadine, ( e ) ryanodine, and ( f ) asimicin       
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 hormones (ecdysteroids) from the prothoracic 
gland, leading to incomplete ecdysis in immature 
insects. In adult female insects, a similar 
 mechanism of action leads to sterility. In  addition, 
azadirachtin is a potent antifeedant to many 
insects. The discovery of neem by western sci-
ence is attributed to Heinrich Schmutterer, who 

observed that swarming desert locusts in Sudan 
defoliated almost all local fl oras except for some 
introduced neem trees (NRC  2000 ). Indeed, aza-
dirachtin was fi rst isolated based on its excep-
tional antifeedant activity in the desert locust, 
and this substance remains the most potent locust 
antifeedant discovered to date. Unlike  pyrethrins, 

  Fig. 19.2    Active constituents of some botanical insecti-
cides from neem ( a ),  Melia  species ( b  –  d ), and selected 
plant essential oils ( e  –  k ): ( a ) Azadirachtin, ( b ) toosend-
anin, ( c ) 1-cinnamoyl-3-feruoyl-11-hydroxymeliacarpin, 

( d ) volkensin, ( e )  d -limonene, ( f ) menthol, ( g ) 1,8-cine-
ole, ( h ) citronellal, ( i ) eugenol, ( j )  p -menthane-3,8-diol, 
and ( k ) thymol       
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azadirachtin has defi ed total synthesis to this 
point. Promoted in the United States by Robert 
Larson (with assistance from the US Department 
of Agriculture), neem rapidly became the mod-
ern paradigm for the development of botanical 
insecticides. 

 Enthusiasm for neem was fostered by several 
international conferences in the 1980s and 
1990s, and several volumes dedicated to neem 
and neem insecticides have been published 
(Schmutterer  2002 ). Unfortunately, neem’s com-
mercial success has fallen well short of the initial 
hype fueled by the explosive scientifi c literature 
surrounding it. In part, this is due to the rela-
tively high cost of the refi ned product (Isman 
 2004 ) and the relatively slow action on pest 
insects. Nonetheless, several azadirachtin-based 
insecticides are sold in the United States and at 
least two of such products in the European 
Union. In California, azadirachtin- based insecti-
cides constituted about one third of the botani-
cals used in agriculture in 2003 (600 kg). In 
practice, reliable effi cacy is linked to the physi-
ological action of azadirachtin as an insect 
growth regulator; the antifeedant effect, which is 
spectacular in the desert locust, is highly variable 
among pest species, and even those species ini-
tially deterred are often capable of rapid desensi-
tization to azadirachtin. 

 The infl uence of azadirachtin on head protein 
of  Helicoverpa armigera  was reported by Neoliya 
et al. ( 2005 ,     2007 ). The protein content was 
higher during the active feeding stage and 
dropped at the later stage of the second larval 
instar, suggesting epidermal programming. In the 
control group, high protein content was observed 
in the fi fth larval instar when larval transforma-
tion was nearing the completion. In the treated 
larvae, the trend was similar, but the protein 
 content was very low when compared to the con-
trol groups. 

 What is clear is that azadirachtin is considered 
nontoxic to mammals (rat oral acute LD 50  is 
 > 5,000 mg kg −1 ), fi sh, and pollinators. The infl u-
ence of azadirachtin on natural enemies is highly 
variable. Like pyrethrins, azadirachtin is rapidly 
degraded by sunlight. For example, on olives 
growing in Italy, azadirachtin has a half-life of 

approximately 20 h. On the other hand, azadi-
rachtin has a systemic action in certain crop 
plants, greatly enhancing its effi cacy and fi eld 
persistence (Schmutterer  2002 ).  

2.3    Plant Essential Oils 

 Steam distillation of aromatic plants yields essen-
tial oils, long used as fragrances and fl avorings in 
the perfume and food industries, respectively, 
and more recently for aromatherapy and as herbal 
medicines. Plant essential oils are produced com-
mercially from several botanical sources, many 
of which are members of the mint family 
(Lamiaceae). The oils are generally composed of 
complex mixtures of monoterpenes, biogeneti-
cally related phenols, and sesquiterpenes. 
Examples include 1,8-cineole, the major constit-
uent of oils from rosemary ( Rosmarinus offi ci-
nale ) and eucalyptus ( Eucalyptus globulus ), 
eugenol from clove oil ( Syzygium aromaticum ), 
thymol from garden thyme ( Thymus vulgaris ), 
and menthol from various species of mint 
( Mentha  species) (Fig.  19.2 ). A number of source 
plants have been traditionally used for protection 
of stored commodities, especially in the 
Mediterranean region and in southern Asia, but 
interest in the oils was renewed with emerging 
demonstration of their fumigant and contact 
insecticidal activities to a wide range of pests in 
the 1990s (Isman  2000 ). The rapid action against 
some pests is indicative of a neurotoxic mode of 
action, and there is evidence for interference with 
the neuromodulator octopamine (Enan  2001 ; 
Kostyukovsky et al.  2002 ) by some oils and with 
GABA-gated chloride channels by others 
(Priestley et al.  2003 ). 

 Plant essential oils possess diversifi ed insec-
ticidal properties (Jayasekara et al.  2005 ). 
Under screening program of survey of bioac-
tive agents for insect control, 31 essential oils 
from different botanicals (2 % in acetone) were 
studied for repellency and direct toxicity 
(insecticidal) against laboratory-bred house-
fl ies,  Musca domestica  L (Singh and Singh 
 1991 ). The essential oils obtained from  Ocimum 
gratissimum  L.,  Thymus serpyllum  L.,  Illicium 
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verum  Hooks f.,  Myristica fragrans  Houtt., and 
 Curcuma amada  Roxb. showed 100 %  repellent 
activity, and  Acorus calamus  L. and  Thymus 
serpyllum  L. showed about 40 % insecticidal 
activity. Results were compared with N, 
N-diethyl-meta-toluamide, dimethyl phthalate, 
malathion, pyrethrum extract, thymol, mineral 
oil, and piperonyl butoxide. Biochemical stud-
ies of these promising oils may emerge new 
leads in developing future pesticides. 

 Some of the purifi ed terpenoid constituents of 
essential oils are moderately toxic to mammals, 
but, with few exceptions, the oils themselves or 
products based on oils are mostly nontoxic to 
mammals, birds, and fi sh (Isman  2000 ). 
However, as broad-spectrum insecticides, both 
pollinators and natural enemies are vulnerable to 
poisoning by products based on essential oils. 
Owing to their volatility, essential oils have 
 limited persistence under fi eld conditions; there-
fore, although natural enemies are susceptible 
via direct contact, predators and parasitoids rein-
vading a treated crop one or more days after 
treatment are unlikely to be poisoned by residue 
contact as often occurs with conventional insec-
ticides. In the United States, commercial devel-
opment of insecticides based on plant essential 
oils has been greatly facilitated by the exemption 
from registration for certain oils commonly used 
in processed foods and beverages. This opportu-
nity has spurred the development of essential 
oil-based insecticides, fungicides, and herbi-
cides for agricultural and industrial applications 
and for the consumer market, using rosemary 
oil, clove oil, and thyme oil as active ingredients. 
Interest in these products has been considerable, 
particularly for control of greenhouse pests and 
diseases and for control of domestic and veteri-
nary pests, with several private companies (e.g., 
EcoSMART Technologies, Inc., United States) 
moving toward or into the marketplace. Another 
factor favoring the development of botanical 
insecticides based on plant essential oils is the 
relatively low cost of the active ingredients, a 
result of their extensive worldwide use as fra-
grances and fl avorings. In contrast, pyrethrum 
and neem are used primarily for insecticide 
production.   

3    Potential New Botanicals 

3.1    Annonaceous Acetogenins 

 Botanical insecticides have been traditionally 
prepared from the seeds of tropical  Annona  spe-
cies, members of the custard apple family 
(Annonaceae). These include the sweet sop 
( A. squamosa ) and sour sop ( A. muricata ), 
important sources of fruit juices in Southeast 
Asia. Detailed investigations in the 1980s led to 
the isolation of a number of long-chain fatty acid 
derivatives, termed acetogenins, responsible for 
the insecticidal bioactivity. The major aceto-
genin obtained from the seeds of  A. squamosa  is 
annonin I, or squamocin, and a similar com-
pound, asimicin (Fig.  19.1 ), was isolated from 
the bark of the American pawpaw tree,  Asimina 
triloba  (Johnson et al.  2000 ). McLaughlin and 
colleagues hold a US patent on insecticides 
based on acetogenins from  A. triloba ; Bayer AG 
(Germany) holds a similar patent based on 
 Annona  acetogenins . These compounds are 
slow-acting stomach poisons, particularly effec-
tive against chewing insects such as lepidopter-
ans and the Colorado potato beetle ( Leptinotarsa 
decemlineata ). 

 Further investigations revealed that aceto-
genins have a mode of action identical to that of 
rotenone, i.e., they block energy production in 
mitochondria in both insects and mammals. 
In purity, certain acetogenins are toxic to mam-
mals (LD 50  is  < 20 mg kg −1 ), an impediment to 
regulatory approval, even though standardized 
extracts from  Annona  seeds and  Asimina  bark 
are much less toxic. McLaughlin and associates 
(Johnson et al.  2000 ) have isolated hundreds of 
acetogenins from Annonaceae, and for many, 
their potential as anticancer agents exceeds 
their value as insecticides. In spite of the pat-
ents based on the insecticidal activities of these 
materials, no commercial development has pro-
ceeded with the exception of a head lice sham-
poo that contains a standardized pawpaw 
extract among its active ingredients.  Annona  
seed extracts may prove more useful in tropical 
countries where the fruits are commonly 
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 consumed or used to produce fruit juice; in 
these cases, the seeds are the waste products. 
For example, Leatemia and Isman ( 2004 ) 
recently demonstrated that crude ethanolic 
extracts or even aqueous extracts of seeds from 
 A. squamosa  collected at several sites in eastern 
Indonesia are effective against the diamond-
back moth ( Plutella xylostella ).  

3.2    Sucrose Esters 

 In the early 1990s, scientists at the US 
Department of Agriculture discovered that sugar 
esters naturally occurring in the foliage of wild 
tobacco ( Nicotiana gossei ) were insecticidal to 
certain soft-bodied insects and mites. Although 
patented, extraction of these substances on a 
commercial scale from plant biomass proved 
impractical, leading to the development of 
sucrose esters manufactured from sugar and 
fatty acids obtained from vegetable oils. AVA 
Chemical Ventures (United States) has patented 
and registered an insecticide/miticide based on 
C 8  and C 10  fatty acid mono-, di-, and tri-esters of 
sucrose octanoate and sucrose dioctanoate. The 
product, fi rst registered in 2002, contains 40 % 
active ingredient. Functionally, this product 
appears to differ little from the insecticidal 
soaps based on fatty acid salts developed in the 
1980s, particularly potassium oleate. Both prod-
ucts are contact insecticides that kill small 
insects and mites through suffocation (by block-
ing the spiracles) or disruption of cuticular 
waxes and membranes in the integument, lead-
ing to desiccation. Although useful in home and 
garden products and in greenhouse production, 
the utility of these materials for agriculture 
remains to be seen.  

3.3     Melia  Extracts 

 The remarkable bioactivity of azadirachtin from 
the Indian neem tree ( Azadirachta indica ) led to 
the search for natural insecticides in the most 
closely related genus,  Melia . Seeds from the chi-
naberry tree,  M. azedarach , contain a number of 

triterpenoids, the meliacarpins (Fig.  19.2 ), that 
are similar but not identical to the azadirachtins, 
and these too have insect growth regulating bio-
activities (Kraus  2002 ). But in spite of the abun-
dance of chinaberry trees in Asia and other 
tropical and subtropical areas to which they were 
introduced, the development of commercial 
insecticides has not paralleled that of the neem 
insecticides. The main reason is the presence, in 
chinaberry seeds, of additional triterpenoids, the 
meliatoxins, that have demonstrated toxicity to 
mammals (Ascher et al.  2002 ). However, the 
chemistry of chinaberry varies considerably 
across its natural and introduced range, and seeds 
of  M. azedarach  growing in Argentina lack melia 
toxins but produce triterpenoids (most notably 
meliartenin) that are strong feeding deterrents to 
pest insects and could prove useful for pest man-
agement (Carpinella et al.  2003 ). Similar results 
have been obtained from South Africa using 
aqueous extracts of chinaberry leaves, presum-
ably lacking melia toxins but effi cacious against 
the diamondback moth (Charleston  2004 ). 

 In the early 1990s, a botanical insecticide 
 produced in China was based on an extract of the 
bark of  Melia toosendan , a tree considered by 
most taxonomists to be synonymous with  M. aze-
darach . The extract contains a number of triter-
penoids based on toosendanin (Fig.  19.2 ), a 
substance reported to be a stomach poison for 
chewing insects. Later studies suggest that this 
substance acts primarily as a feeding deterrent 
but can also serve as a synergist for conventional 
insecticides. Although relatively nontoxic to 
mammals, it is unclear whether this material 
remains in production or whether it is suffi ciently 
effi cacious as a stand-alone crop protectant. 
When  M. toosendan  came under scientifi c scru-
tiny, investigation of the East African  M. volken-
sii  demonstrated bioactivity in insects from seed 
extracts of this species. The active principles in 
 M. volkensii  include the triterpenoids alannin, 
also a major constituent of neem seed extracts 
and some novel triterpenoids such as volkensin 
(Fig.  19.2 ). Collectively, these function as feed-
ing deterrents and stomach poisons with moder-
ate effi cacy against chewing insects and as a 
mosquito larvicide. Although a standardized seed 

D.K. Hazra et al.



389

R
E
T
R
A
C
T
E
D

extract has been made in quantities suffi cient for 
research (Rembold and Mwangi  2002 ), commer-
cial production appears unlikely owing to a lack 
of infrastructure for harvesting seeds in addition 
to regulatory impediments.   

4     Insect Antifeedants 
and Repellents 

4.1    Antifeedants 

 The possibility of using nontoxic deterrents and 
repellents as crop protectants is intuitively attrac-
tive (Bernays  1990 ). The concept of using insect 
antifeedants (feeding deterrents) gained strength 
in the 1970s and 1980s with the demonstration of 
the potent feeding deterrent effect of azadirachtin 
and neem seed extracts to a large number of pest 
species. Indeed, considerable literature, scientifi c 
and otherwise, touts neem as a successful demon-
stration of the antifeedant concept (Koul  2008 ). 
In reality, it is the physiological actions of azadi-
rachtin that appear most reliably linked to fi eld 
effi cacy of neem insecticides; although purely 
behavioral effects cannot be ruled out, there is 
hardly any irrefutable evidence or documentation 
of fi eld effi cacy based on the antifeedant effects 
of neem alone. As an academic exercise, the dis-
covery and demonstration of plant natural prod-
ucts as insect  antifeedants has been unquestionably 
successful. In addition to the neem triterpenoids, 
extensive work has been performed on clerodane 
diterpenes from the Lamiaceae and sesquiterpene 
lactones from the Asteraceae (Gonzalez-Coloma 
et al.  2002 ; Klein Gebbinck et al.  2002 ). 

 On the other hand, not a single crop- protection 
product based unequivocally on feeding or ovi-
position deterrence has been commercialized. 
Two main problems are faced in the use of anti-
feedants in agriculture (Isman  2002 ). The fi rst is 
interspecifi c variation in response—even closely 
related species can differ dramatically in behav-
ioral responses to a substance limiting the range 
of pests affected by a particular antifeedant. 
Some substances that deter feeding by one pest 
can even serve as attractants or stimulants for 
other pests. The second is the behavioral plastic-

ity in insects—pests can rapidly habituate to 
feeding deterrents, rendering them ineffective in 
a matter of hours. This has been recently demon-
strated not only for pure substances like azadi-
rachtin but also for complex mixtures (plant 
extracts). Whereas a highly mobile (fl ying) insect 
may leave a plant upon fi rst encountering an 
 antifeedant, a less mobile one (larva) may remain 
on the plant long enough for the deterrent 
response to wane. Such behavioral changes are 
important in light of the observation that some 
plant substances are initially feeding deterrents 
but lack toxicity if ingested. Azadirachtin is 
clearly an exception to this rule, as ingestion 
leads to deleterious physiological consequences, 
but many other compounds or extracts with dem-
onstrated antifeedant effects lack toxicity when 
administered topically or via injection.  

4.2    Repellents 

 For many chemists, an effective alternative to 
DEET (N, N-diethyl- m -toluamide) for personal 
protection against mosquitoes and biting fl ies is the 
holy grail (Fradin and Day  2002 ). In spite of fi ve 
decades of research, no chemical has been found 
that provides the degree of protection against bit-
ing mosquitoes or persistence on human skin 
afforded by DEET (Peterson and Coats  2001 ). 
Concerns with the safety of DEET, especially to 
children, have resulted in the introduction of sev-
eral plant oils as natural alternatives. Some per-
sonal repellents in the US marketplace contain oils 
of citronella, eucalyptus, or cedarwood as active 
ingredients; 2-phenethylpropionate, a constituent 
of peanut oil, and  p -menthane-3,8-diol (obtained 
from a particular species of mint) (Fig.  19.2 ) are 
also used in consumer products. All of these mate-
rials can provide some protection, but the duration 
of their effect can be limited (often  < 1 h). In 
 tropical areas where mosquito-borne disease is a 
threat (e.g., yellow fever, dengue, malaria), DEET 
probably remains the only reliable repellent. Oil of 
citronella or the constituent citronellal (Fig.  19.2 ) 
is also used in mosquito coils to repel mosquitoes 
from outdoor areas. Several veterinary products for 
fl ea and tick control on  domestic pets contain 

19 Retracted: Formulation, Registration, and Quality Regulation of Plant Biopesticides



390

R
E
T
R
A
C
T
E
D

 d -limonene (from citrus peels; Fig.  19.2 ) as the 
active ingredient. Other uses for repellents under 
investigation include perimeter treatments of build-
ings to exclude termites and the use of essential 
oils to repel cockroaches from kitchens and fl ies 
from dairy barns (Maistrello et al.  2004 ). Another 
important use of plant essential oil constituents is 
in fumigation of  beehives to manage economically 
important honeybee parasites, the Varroa mite 
( Varroa jacobsoni ) and the tracheal mite ( Acarapis 
woodi ). In North America, menthol (from pepper-
mint; Fig.  19.2 ) is widely used for this purpose, 
and in Europe, thymol (from garden thyme; 
Fig.  19.2 ) is most often used (Floris et al.  2004 ).   

5    Botanical Formulations 

 Two main barriers for commercialization of 
botanical insecticides are as follows: sustainabil-
ity of the botanical resource and standardization 
of chemically complex extracts (Weinzierl  2000 ). 
Besides these, availability and cost consider-
ations are also important factors. Other draw-
backs or limitations are the slow action of many 
botanicals—growers must gain confi dence in 
insecticides that do not produce an immediate 
“knockdown” effect—and the lack of residual 
action for most botanicals. 

5.1    Sustainability 

 To produce a botanical insecticide on a commer-
cial scale, the source plant biomass must be 
obtainable on an agricultural scale and preferably 
not on a seasonal basis. Unless the plant in ques-
tion is extremely abundant in nature, or already 
grown for another purpose (e.g., sweetsop, 
 Annona squamosa , grown for its edible fruit and 
rosemary,  Rosmarinus offi cinale , as a fl avoring), 
it must be amenable to cultivation. Pyrethrum and 
neem meet this criterion; the latter has been exten-
sively introduced into Africa, Australia, and Latin 
America, more so as a shade tree, windbreak, or 
source of fi rewood than for its yield of natural 
medicines or insecticides (Glynne-Jones  2001 ). 
Research aimed at producing azadirachtin from 

neem tissue culture provided proof of concept, but 
economic feasibility has yet to be attained. 

 In the not-too-distant future, it may be  possible 
to produce botanical insecticides by “phyto-
pharming,” i.e., through genetic engineering of 
an existing fi eld crop to produce high-value natu-
ral products originally isolated from a different 
botanical source. But as the progress in plant bio-
technology continues at a rapid pace, it may 
prove just as easy to modify the plants we wish to 
protect from pests directly, such that they pro-
duce the natural product protectant constitutively, 
alleviating the need to obtain the desired botani-
cal product through extraction, formulate it, and 
then apply it to the crop we wish to protect 
(Casanova et al.  2002 ). These sorts of technologi-
cal advancements seem far more likely now than 
they did even a decade ago; however, the cost of 
these technologies will dictate that the traditional 
means of obtaining botanical insecticides and 
indeed their minor uses (on small acreage spe-
cialty crops) or uses in developing countries on 
lesser value crops will continue for many years to 
come. For example, neem seed oil had a long his-
tory of use in India for the production of soaps 
and low-grade industrial oil. When extraction 
companies began purchasing neem seeds in bulk 
to produce insecticides, the price of seeds 
increased tenfold (Schmutterer  2002 ). In con-
trast, certain plant essential oils have numerous 
uses as fragrances and fl avorings, and the mas-
sive volumes required to satisfy these industries 
maintain low prices that make their use as insec-
ticides attractive.  

5.2     Standardization 
of Botanical Extracts 

 An often cited drawback to the adoption of 
botanical insecticides by growers is the variation 
in the performance of a particular product, even 
when prepared by the same process. Natural vari-
ation in the chemistry of a plant-based commod-
ity should come as no surprise to anyone who 
enjoys coffee, tea, wine, or chocolate. Recent 
investigation of seed extracts from sweet sop ( A. 
squamosa ) collected in Indonesia  demonstrated 
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both geographical and annual variations in their 
insecticidal potency (Leatemia and Isman  2004 ). 
For a botanical insecticide to provide a reliable 
level of effi cacy to the user, there must be some 
degree of chemical standardization, presumably 
based on the putative active ingredient(s). This has 
certainly been achieved with more refi ned prod-
ucts based on pyrethrum, neem, and rotenone, but 
crude preparations often contain low concentra-
tions of active ingredients without adequate quan-
titation. To achieve standardization, the producer 
must have an analytical method and the equipment 
necessary for analysis and may need to mix or 
blend extracts from different sources, which 
requires storage facilities and is partially depen-
dent on the inherent stability of the active princi-
ples in the source plant material or extracts thereof 
held in storage (Atkinson et al.  2004 ).  

5.3     Botanical Formulations 
Developed at IPFT 

5.3.1    Spreading Oil Formulations 
 The surface-spreading formulations are  oil-based 
formulations which can be applied by dropping 
on water surface, and after application, the formu-
lation spreads to the whole water surface within a 
few seconds. Basically these formulations are 
stable dispersion of water-insoluble liquid or solid 
in oil, and if it is a solid dispersion, the dispersed 
particles are wet, grinded into a fi ne particle sus-
pension and stabilized with the help of wetting 
and dispersing agents. When these formulations 
are applied on the water surface, the active ingre-
dient maintains a smooth networking fi lm on the 
water surface. The fi lms formed by these formula-
tions are not continuous fi lms but having holes 
which maintain the required oxygen level within 
the water for other aquatic organisms present. The 
layer of the active ingredient maintains on the 
water surface. The larvae of anopheles mosqui-
toes feed on the water surface, and the active 
ingredient produces mortality after ingestion. 

 Spreading oil formulations of neem oil may 
directly be dropped on the surface of water 
sources like lake, pond, etc., and the formulations 
will be nontoxic to nontarget organisms, fi sh and 

other aquatic species.    The application does not 
require any spray, and good control of mosquito 
larvae may be obtained just by dropping it on the 
water surface. The formulations designed in the 
laboratory have the characteristics of maintaining 
the networking fi lm throughout the water surface, 
and under natural conditions, the fi lm remains in 
networking condition even after the winds and 
water waves.
  Advantages 
•   Botanical based thus safe for nontarget 

organism  
•   Easy to pour and measure  
•   May give enhanced biological activity  
•   Nonfl ammable  
•   Low cost of formulation    

 Further we have the fl exibility of maintaining 
high or low spreading pressure of the formulation 
during application by optimizing the ingredient 
ratios (Fig   .  19.3 ).

    Example   IPFT developed neem oil based 10 % 
spreading oil formulation.   

5.3.2    Floating Tablets 
 The fl oating tablets are slow release tablets 
which after application in water bodies fl oats on 
the  surface of water due to low specifi c gravity 
and specifi c inert ingredients. It slowly releases 
the active ingredient into the water. The fl oating 
tablets offer a simple and practical approach to 
achieve increased surface-residence time for the 
dosage form and sustained active ingredient’s 
release. It can reduce the frequency of dosing 
required for mosquito larval control and 
decrease variation in larvicidal concentration. 
Preparing the larvicides in a fl oating dosage 
form can control the extent of bioavailability for 
such poorly water-soluble active ingredients. 

 Floating tablet formulations of neem may 
directly be applied on surface of water sources 
like lake, pond, etc.; the formulations will be 
nontoxic to nontarget organisms, fi shes and other 
aquatic species.    The application does not require 
any spray, and good control of mosquito larvae 
may be obtained just by dropping it on the water 
surface. The release of active ingredient from the 
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formulations may be designed based upon the 
type and infestation of the target species.
  Advantages 
•   Dust free  
•   Easy packaging  
•   Easy to handle and apply  
•   Long shelf life  
•   Adjustable release rates    

 These types of formulations are having advan-
tages of having the action target specifi c with 
lower doses of the active ingredient compared to 
general formulations which mix throughout the 
water body and require high doses. By designing 
these types of fl oating tablets, we can make the 
tablets fast or slow release as per requirement. 
Another advantage of this type of product is that 
the total ingredients used for their preparation are 
bio-botanical-based products (Fig.  19.4 ).

    Example   IPFT developed fl oating tablet containing 
10 % a.i. and patent has been fi led.   

5.3.3    Mosquito Coil 
 Mosquito coils are among the most popularly and 
widely used formulations in houses especially in 
rural areas because they are easy to use, effective, 
and inexpensive. The mosquito coils being pro-
duced by different companies are based on syn-

thetic pyrethroids. They pose the risk of adverse 
effect on the health of human being due to the 
presence of synthetic pesticides. IPFT has devel-
oped typical mosquito coils based on neem and a 
very low-cost botanical product which enhances 
the bioeffi cacy of neem. Since the synthetic pes-
ticide is not used, the formulation will not pose 
any risk to the health of human being. 
Composition is based on neem and other botani-
cal based along with botanical synergist to 
improve knockdown and repellent properties.
  Advantages 
•   Active components of plant origin  
•   Nontoxic and safe to human beings  
•   Easily and abundantly available raw materials  
•   Economical  
•   Good repellent and knockdown effect against 

mosquitoes    
 The coils developed in the laboratory were 

evaluated for their bioeffi cacy and were found to 
be more effective than the commercially  available 
synthetic pyrethroid-based coil formulations. 
The enhancement of effi cacy of neem-based coil 
formulations was achieved by using a botanical- 
based synergist, which make the neem- based 
coils more effective than synthetic pesticide- 
based commercially available formulation in the 
market (Fig.  19.5 ).

  Fig. 19.3    Neem oil based 10 % spreading oil formulation       
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    Example   IPFT developed mosquito coil containing 
28.8 % neem kernel powder + 28.8 % a.i. botanical 
synergist, and patent has been fi led.   

5.3.4    Nanoemulsion 
 Botanical-based nanoemulsion may be a good 
alternative of synthetic pesticides for mos-
quito control spray application. Due to finer 
droplet size, total surface area is increased 

many folds so total coverage of target site also 
increases as results dose rate can be reduced to 
some extent.
  Advantages 
•   Low dose rate  
•   No skin and eye irritation  
•   Less or no solvent  
•   Minimal toxicity  
•   No fl ammability    

  Fig. 19.4    Floating tablet       

  Fig. 19.5    Mosquito coil       
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 A number of essential and neem-oil-based 
nanoemulsions have been prepared with insecti-
cidal activity for mosquito and other insect pest 
control. These nanoemulsions may be a good 
alternative to any kinetically stable emulsion or 
suspension used for spray application (Fig.  19.6 ).

    Example   IPFT developed eucalyptus-oil-based 
nanoemulsion containing 30 % a.i, and bioeffi cacy 
study was conducted against store grain pest 
( Tribolium  spp.).   

5.3.5    Suspension Concentrate 
 Suspension concentrate formulations are micron-
ized suspension of solid pesticides in a bulk 
medium-like water or oil. The formulations are 
being popularly used in agricultural as well as 
household applications due to advantages of good 
bioeffi cacy, easy dilution and dispersion, and dust 
freeness. The neem kernel powder along with the 
neem oil may be formulated as oil- or water-based 
suspension concentrate for indoor/outdoor spray 
application. By the application of specialized sur-
factants, the formulation will be dilutable with 
water for spray application. The process of wet 
grinding reduces the particle size to a very fi ne 
level so that the distribution on target surface is uni-
form and capable of producing good bioeffi cacy.

  Advantages 
•   Easy to pour and measure  
•   May give enhanced biological activity and 

rain-fastness  
•   Water- or oil-based dispersion  
•   Low cost of formulation    

 Further these formulations have better effi -
cacy and surface coverage as compared to wet-
table powder (avg. particle size = 8–10 μm) 
because of its lower particle size (avg. particle 
size = 2–3 μm) (Fig.  19.7 ).

    Example   IPFT developed suspension concentrate 
formulation containing 30 % neem oil.   

5.3.6    Insect Repellent Cream 
 Insect repellents are widely used in developed 
and developing countries for protection against 
mosquito bites. The advantage of skin repel-
lents is their relative cheapness. Most of the 
insect repellent cream being produced by dif-
ferent manufacturers are chemical based and 
may cause skin problems to human being on 
prolonged use. Neem-based mosquito repellent 
cream may be effective in preventing mos-
quito bite. Due to no or minimum use of syn-
thetic ingredients, it will be safer to the 
human being.
  Advantages 
•   No skin and eye irritation  
•   Less or no solvent  
•   Minimal toxicity  
•   No fl ammability    

  Fig. 19.6    Eucalyptus-oil-based nanoemulsion       

  Fig. 19.7    Neem-oil-based SC formulation       
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 These types of products are effective espe-
cially for soldiers deployed in forest areas or 
rural societies because of its easy transportation 
and effectiveness. The effi ciency/effi cacy of 
neem-based cream was enhanced by using other 
botanical-based ingredients which are safe to 
human being and biodegradable. 

  Example   IPFT developed neem-oil-based insect 
repellent cream formulation.   

5.3.7    Tablet Bait Formulation 
 Effervescent tablets have high stability and 
 convenient application. The raw materials of the 
tablet are safe and nontoxic. Botanical-based 
 tablets have the advantages of safety and can be 
used for cockroach control.
  Advantages 
•   Dust free  
•   Easy packaging  
•   Easy to handle  
•   Long shelf life    

 The biggest advantage of these tablet formula-
tions is their convenience in use, storage, and trans-
portation. These types of tablet formulations can be 
directly applied to places where cockroaches are 
crawling like kitchen, storeroom, etc. (Fig.  19.8 ).

    Example   IPFT developed botanical-waste-based 
tablet formulation, and bioeffi cacy study was 

conducted against cockroach ( Periplaneta 
americana ).    

5.4     Scope of Botanical 
Formulation 

 Over 100 neem-based products are marketed in 
India alone. Commercial neem-based products 
are marketed in a few African countries including 
Kenya, Benin, Nigeria, Senegal, and Ghana. 
Currently a number of commercial neem prod-
ucts are also registered and marketed in some 
developed countries such as the United States, 
Germany, Australia, Italy, Switzerland, Sweden, 
Denmark, Austria, Spain, and Israel. The other 
plant exploited commercially is  Acorus calamus . 
A preparation containing 70 % β-asarone is mar-
keted by Alrich of Germany. It must be empha-
sized that before any of the botanicals can be 
commercialized even for local production and 
consumption, it must be shown to be safe.  

5.5     Problems Associated 
with Botanical Formulations 

 There is no doubt that the successful utilization of 
botanicals can help to control many of the world’s 
destructive pests and diseases as well as reduce 

  Fig. 19.8    Botanical-waste-based tablet formulation       
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erosion, desertifi cation, deforestation, and 
 perhaps even control human population due to the 
antifertility action of some of them such as the 
neem. Although the possibilities of using botani-
cal pesticides seem almost endless, so many 
details remain to be clarifi ed. Many obstacles 
must be overcome, and many uncertainties clari-
fi ed before their potential can be fully  realized. 
These limitations seem surmountable; however, 
they present exciting challenges to the scientifi c 
and economic development communities. Solving 
the following obstacles and uncertainties may 
well bring a major new resource which will ben-
efi t much of the world. These obstacles include:
•    Lack of experience and appreciation of the 

effi cacy of botanicals for pest control. There 
are still doubts as to the effectiveness of 
 plant- derived products (both “home-made” 
and commercial products) due to their slow 
action and lack of rapid knockdown effect.  

•   Genetic variability of plant species in different 
localities.  

•   Diffi culty of registration and patenting of nat-
ural products and lack of standardization of 
botanical pesticide products.  

•   Economic uncertainties occasioned by sea-
sonal supply of seeds, perennial nature of 
most botanical trees, and change in potency 
with location and time with respect to geo-
graphical limitations.  

•   Handling diffi culties as there is no method for 
mechanizing the process of collecting, stor-
ing, or handling the seeds from some of the 
perennial trees.  

•   Instability of the active ingredients when 
exposed to direct sunlight.  

•   The usage of botanicals is still not held in high 
social esteem in many countries.  

•   Competition with synthetic pesticides through 
aggressive advertising by commercial pesti-
cide dealers and commercial formulated 
botanicals are more expensive than synthetic 
insecticides and are not as widely available.  

•   Possible health hazards when seeds used in 
the preparation of the products are infected 
with the  Fungus aspergillus fl avus  which 
 produces afl atoxins, which is one of the most 
potent carcinogens known in the world.  

•   Rapid degradation, although desirable in some 
respects, creates the need for more precise 
timing or more frequent applications.  

•   Data on the effectiveness and long-term 
(chronic) mammalian toxicity are unavailable 
for some botanicals, and tolerances for some 
have not been established.      

6     Current Trends in the Use 
of Botanicals 

6.1    Pacifi c/Asia 

 India appears to embrace botanicals more than 
many other countries in the region, permitting all 
of the materials mentioned herein and allowing 
new products provisional registration, while toxi-
cological and environmental data in support of full 
registration are acquired. New Zealand has regis-
trations for pyrethrum, rotenone, and neem, 
whereas Australia has yet to approve neem in spite 
of almost two decades of research and develop-
ment in that country. Likewise, neem has yet to be 
approved for use in the Philippines, where pyre-
thrum is the only approved botanical insecticide.  

6.2    Europe 

 Although considered by many in the  agrochemical 
industry to be especially restrictive with respect 
to pesticide registrations, the European Union 
permits the use of pyrethrum, neem, rotenone, 
and nicotine, along with “components of etheric 
oils of plant origin” (PAN  2004 ). Individual 
countries in Western Europe show considerable 
variation in the botanicals they permit. For exam-
ple, Hungary permits pyrethrum and nicotine, 
although the latter is severely restricted. Denmark 
permits only pyrethrum and rotenone, Germany 
permits pyrethrum and neem, while the 
Netherlands permits pyrethrum alone. In spite of 
years of research on azadirachtin and neem in the 
United Kingdom, this botanical has never 
achieved registration there, leaving pyrethrum, 
rotenone, and nicotine as the only approved 
botanicals.   
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7     Trends and Changes 
in Registration 

 Given the ongoing negative perception of pesti-
cides by the general public, government response 
to that perception, and increasing documentation 
of environmental contamination, it is hard to 
imagine pesticide regulators easing toxicological 
requirements for new pesticides, with the possible 
exception of certain plant oils and extracts widely 
used in human foods. Globalization of agricul-
tural commodities will serve only to tighten 
restrictions on pesticide used in  developing coun-
tries where fresh produce for export to wealthier 
countries is an important source of revenue. All 
produce imported into the European Union, 
United States, and Japan, for example, must com-
ply with pesticide regulations in the respective 
importing country, meeting the same standards as 
their own domestic produce. As a result, pesticide 
regulations set in the wealthiest countries have 
global reach—they affect growers directly in 
developing countries who are forced to comply. In 

short, a lack of confi dence in the safety of a spe-
cifi c botanical insecticide by the European Union 
could make that product unfavorable in a tropical 
country, even where it makes sense for poorer 
growers providing agricultural produce for their 
domestic markets, and perhaps where the botani-
cal source material grows and could be inexpen-
sively prepared for crop protection. If nothing else, 
this review should highlight the fact that few new 
botanical insecticides are likely to see commer-
cialization on a meaningful scale in the near future, 
in spite of the continual discovery of plant natural 
products with bioactivity against insect pests. 

7.1     Registration of Botanicals 
in India 

 In India, registration of plant biopesticide is 
approved by Central Insecticide Board (CIB) if 
the desired data requirement is fulfi lled by the 
concerned company. For example, for the regis-
tration of neem-based plant biopesticide, the fol-
lowing data are required.

    Data requirements for registration of neem-based botanical pesticides   

 A.   Chemistry   9(3b)/9(3) 
 1.  Name of the part of the plant(s) to be used for extraction of the active ingredients/

components 
 R 

 2.  Outline of the process of manufacture clearly identifying the chemicals as indicated in point 
(3) below 

 R 

 3.  (a) Neem extracts contain “azadirachtin” as one of the major active constituents. 
The concentration of azadirachtin in the formulated neem extract should contain not 
less than 1,500 ppm of azadirachtin a.i. in “kernel”-based formulations and 300 ppm in 
“neem-oil”-based formulations 

 R 

 (b) When the insecticidal a.i. is other than azadirachtin, then the applicant has to indicate the 
name, quality, and quantity of that particular a.i. (s) 

 4.  Chemical identity of the ingredient as stated at point (3) above  R 
 5.  Physicochemical properties  R 
 6.  Specifi cations of ingredient as indicated at point (3) above  R 
 7.  Method of analysis for azadirachtin or other insecticidal a.i. other than azadirachtin  R 
 8.  Analytical test report  R 
 10.  Shelf life claim or data  R 
 B.   Bioeffi cacy  
 1.  Bio-effectiveness  R 
 2.  Phytotoxicity  R 
 3.  Compatibility with other chemicals  R 
 4.  Purpose of manufacture  R 
 5.  Direction concerning dosage  R 
 6.  Time of application  R 
 7.  Waiting period  R 
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 8.  Application equipment  R 
 9.  Information regarding the registration status in other countries, if any  R 
 C.   Toxicity: data on parameters 1–3 are required for 9 (3b) registrations  
 1.  Acute oral rat and mice  R 
 2.  Acute dermal  R 
 3.  Primary skin irritation, irritation to mucous membrane  R 
 4.  Neurobehavioral toxicity  R 
 5.  Reproductive toxicity  R 
 6.  Carcinogenicity  R 
 7.  Mutagenicity  R 
 8.  Effect on spray operators (health records) as per the protocol to be approved by the 

registration committee. (Not required as per decision of 318th meeting of RC held on 
27-04-2011 )  

 NR 

 D.   Packaging and labeling  
 1.  Labels and leafl ets as per IR 1971 existing norms  R 
 2.  Type of packaging (container content compatibility data)  R 
 3.  Manner of labeling (container content compatibility data)  R 
 4.  Specifi cation for primary package  R 
 5.  Specifi cation for secondary package  R 
 6.  Specifi cation for transport package  R 
 7.  Manner of labeling  R 
 8.  Instructions for storage and use  R 
 9.  Information regarding disposal of used package  R 
 10.     Process of manufacturing or indicating material balance generation of wasted  R 

     R  required,  NR  not required   

8     Botanical Pesticides 
Registered Under 
the Insecticides Act 1968 

     A.    Neem based

 Sl. No.  Formulations  Crops  Target pests 

 1.  Azadirachtin  Cotton  Bollworm, aphids 
 0.03 % EC  Rice  Leaf roller, stem 

borer, BPH 
 2.  Azadirachtin  Cotton  Whitefl y, 

bollworm 
 0.15 % EC  Rice  Thrips, stem 

borer, brown 
plant hopper, leaf 
folder 

 3.  Azadirachtin  Cotton  American 
bollworm  0.3 % EC 

 4.  Azadirachtin  Tomato  Fruit borer 
 1.0 % EC  Brinjal  Fruit and shoot 

borer 
 Tea  Thrips, red spider 

mites 

 Sl. No.  Formulations  Crops  Target pests 

 5.  Azadirachtin  Tobacco  Tobacco 
caterpillar, aphids 

 5.0 % EC  Tea  Caterpillar, pink 
mite 
 Red spider mites, 
thrips 

 Rice  Brown plant 
hopper, leaf 
folder, stem borer 

 Cotton  Whitefl y, 
leafhoppers, 
heliothis 

 Caulifl ower  Spodoptera, 
diamondback 
moth, aphids 

 Bhindi  Leafhopper, 
whitefl y, aphid, 
pod borer 

 Tomato  Aphids, whitefl y, 
fruit borer 

       B.    Cymbopogon 
  Cymbopogon winterianus  20 % EC   
   C.    Pyrethrum (pyrethrin)
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    (a)    Pyrethrin 0.05 % w/w (household spray)   
   (b)    Pyrethrum extract 2 % tech.   
   (c)    Pyrethrum 0.2 % (household spray)          

9    Quality Regulation 

 Regulatory approval remains the most formidable 
barrier to the commercialization of new botanical 
insecticides. In many jurisdictions, no distinction 
is made between synthetic pesticides and biopes-
ticides, including botanicals. Simply put the 
 market for botanicals in industrialized coun-
tries—based mostly on uses in green house pro-
duction and organic agriculture—is too small to 
generate suffi cient profi ts to offset multimillion 
dollar regulatory costs. Unfortunately, this situa-
tion may prevent many “green” pesticides from 
reaching the marketplace in countries where the 
demand is greatest. I am not making the case that 
botanicals should be exempt from all regulatory 
scrutiny; as discussed above,  nicotine is as toxic 
and hazardous as many synthetic insecticides, and 
strychnine, still used for rodent and insect control 
in some regions, is responsible for some human 
poisonings. Natural  products can pose risks, and 
safety cannot be assumed (Trumble  2002 ). But 
most of the botanicals discussed in this review are 
characterized by low mammalian toxicity, 
reduced effects on nontarget organisms, and mini-
mal environmental persistence. 

 As noted, several plant essential oils and their 
constituents are exempt from registration in the 
United States, attributed to their long use history as 
food and beverage fl avorings or as culinary spices. 
This exemption has facilitated the rapid develop-
ment and commercialization of insecticides based 
on these materials as active ingredients (Isman 
 2000 ). Although other jurisdictions have yet to fol-
low the lead of the United States in this regard, 
there are proposals in some Asian countries to 
exempt some types of pesticides from registration 
for specifi c uses in public health, for example, in 
head lice preparations or for cockroach and fl y 
suppression. It seems that regulatory agencies con-
tinue to focus their efforts on protecting the general 
public from miniscule traces of pesticides in the 
food supply rather than focusing on the safety of 

applicators and farm workers, for whom, arguably, 
the more demonstrable hazards occur.  

10    Conclusion 

 In industrialized countries, it is hard to imagine 
botanicals playing a greater role than at present, 
except in organic food production. Organic 
 production is estimated to be growing by 8–15 % 
per annum in Europe and in North America (NRC 
 2000 ), and it is in those marketplaces that botani-
cals face the fewest competitors. Even there, how-
ever, microbial insecticides and spinosad have 
proven effi cacious and cost-effective (Bailey et al. 
 2010 ). Rather than considered as stand-alone 
products, botanicals might be better placed as 
products in crop protectant rotations, especially in 
light of the documented resistance of the diamond-
back moth to  Bacillus thuringiensis  and spinosad 
due to overuse (Zhao et al.  2002 ). In conventional 
agriculture, botanicals face tremendous competi-
tion from the newest generation of “reduced- risk” 
synthetic insecticides such as the neonicotinoids. 
Overall, it is hard not to conclude that the best role 
for botanicals in the wealthier countries is in pub-
lic health (mosquito and cockroach abatement) 
and for consumer (home and garden) use. 

 The real benefi ts of botanical insecticides can be 
best realized in developing countries, where farmers 
may not be able to afford synthetic insecticides, and 
the traditional use of plants and plant derivatives for 
protection of stored products is long established 
(Fields et al.  2001 ). Even where synthetic insecticides 
are affordable to growers (e.g., through government 
subsidies), limited literacy and a lack of protective 
equipment result in thousands of accidental poison-
ings annually. Recently, attention has been paid to 
traditional plants used in West Africa for postharvest 
protection against insects (Belmain et al.  2001 ).     
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