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1. Introduction

Biopesticide is a term that includes many aspects of pest control such as microbial (viral,
bacterial and fungal) organisms, entomophagous nematodes, plant-derived pesticides
(botanicals), secondary metabolites from micro-organisms (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 & Menn, 2000). Botanicals include crude extracts
and isolated or purified compounds from various plants species and commercial products (Liu
et al., 2006). Not unlike pyrethrum, rotenone and neem, plant essential oils or the plants from
which they are obtained have been used for centuries to protect stored commodities or to repel
pests from human habitations and use as fragrances, condiments or spices, as well as
medicinal uses (Isman & Machial, 2006). Quantitatively, the most important botanical is
pyrethrum, followed by neem, rotenone and essential oils, typical used as insecticides (e.g.
pyrethrum, rotenone, rape seed oil, quassia extract, neem oil, nicotine), repellents (e.g.
citronella), fungicides (e.g. laminarine, fennel oil, lecithine), herbicides (e.g. pine oil), sprouting
inhibitors (e.g. caravay seed oil) and adjuvants such as stickers and spreaders (e.g. pine oil)
(Isman, 2006). Plants are capable of synthesizing an overwhelming variety of small organic
molecules called secondary metabolites, usually with very complex and unique carbon
skeleton structures (Sarker et al., 2005). By definition, secondary metabolites are not essential
for the growth and development of a plant but rather are required for the interaction of plants
with their environment (Kutchan & Dixon, 2005).The biosynthesis of several secondary
metabolites is constitutive, whereas in many plants it can be induced and enhanced by
biological stress conditions, such as wounding or infection (Wink, 2006). They represent a
large reservoir of chemical structures with biological activity. It has been estimated that 14 -
28% of higher plant species are used medicinally and that 74% of pharmacologically active
plant derived components were discovered after following up on the ethnomedicinal uses of
the plants (Ncube et al., 2008). Plants and their secondary metabolites are an important source
for biopesticides and the development of new pesticides. The recognition of the important role
of these compounds has increased, particularly in terms of resistance to pests and diseases.
The intensive use of synthetic pesticides and their environmental and toxicological risks have
generated increased global interest to develop alternative sources of chemicals to be used in
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safe management of plant pests. Recently, in different parts of the world, attention has been
paid towards exploitation of higher plant products as novel chemotherapeutics for plant
protection because they are mostly non phytotoxic and easily biodegradable (Isman, 2006).
Currently, different botanicals have been formulated for large scale application as
biopesticides in eco-friendly management of plant pests and are being used as alternatives
to synthetic pesticides in crop protection. These products have low mammalian toxicity and
are cost effective. Such products of higher plant origin may be exploited as eco-chemical and
biorational approach in integrated plant protection programs (Dubey et al., 2009). In order
to increase food safety and develop integrated and sustainable strategies for plant
protection, which are safe to the consumer, producer and the environment, the use of
natural pesticide need to be promoted. According to Ehlers (2009) in order to reach these
goals we need less, rather than more registration requirements. Recently, Nthalli and
Menkissoglu-Spiroudi (2011) reviewed the main chemical classes of plant secondary
metabolites that have been used in crop protection focusing on the most recent advances in
the chemicals disclosed, their mode of action and their fate in the ecosystem, their current
use in pest management underlying registration procedures and commercialization
potential. Numerous scientific articles, reviews and chapters book have been written on this
subject. The main goal of this chapter is to review this actual topic on natural pesticides in a
concise format that is easily understandable. Several topics will be emphasized and in
particular: (1) the regulation of plant protection products from natural origin in European
Union; (2) their regulation and importance in organic farming; (3) the actual State of art of
three most widespread botanical pesticides: rotenone, azadirachtin and pyretrins and (4) the
future perspectives of natural pesticides.

2. Plant protection products from natural origins

2.1 Regulation in European Union

Registration of Plant Protection Products (PPPs) based on botanicals, semiochemicals and
micro-organisms follow rules originally developed for the risk assessment of synthetic
chemical compounds. Data requirements for authorization and marketing of PPPs under
Directive 91/414/EEC according to the categories are present in Table 1. Since PPPs can be
harmful to humans and the environment their risks need to be evaluated and their active
ingredients must be authorized according to Directive 91/414/EEC prior to commercial use.
The authorization for commercial use is only given if unacceptable negative effects to
humans and the environment can be excluded.

Biochemicals are the products that are intended for use in plant protection and can contain
powdered plants parts, plant extracts and possibly co-formulants. While plant extracts are
obtained by treating plants or parts of them, with a solvent, which is further concentrated
through evaporation, distillation or some other process. Plant extracts can be obtained also
by soft extractions with water and/or ethanol. All relevant available information must be
presented in the summary dossier, and must be of sufficient quality to allow an assessment
of possible risks of the proposed use. However supplementary data can be requested on a
case-by-case basis by the competent authorities in order to allow finalizing the risk
assessment. SANCO/10472 document contains a list of plants and plant extracts to which
reduced data requirements should apply. Data required according to SANCO/10472 are: 1.
reference list established on the basis of available information including literature,
evaluation done in OECD countries, European pharmacopoeia, and weight of evidence
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Category of PPPs gf::;:f)‘: eu;ri /Z;If/?‘E C Data requirements given in

Biochemicals

(Plant extracts and plant Chemical substances SANCO 10472

strengtheners)

Semiochemicals

(allelochemicals and Chemical substances OECD Series on Pesticides 12

pheromones)

Micro-organism and Viable entities in scope of | OECD Series on Pesticides 23

viruses Directive 91/414/EEC Directives 2001/36/EC

Macro-organisms Not covered by OECD Series on Pesticides 21
91/414/EEC FAO and EPPO guidelines

Table 1. Categories of PPPs and data requirement for authorization and marketing under
Directive 91/414/EEC

which indicates that the plant is not harmful to human, animal and environment, edible
parts of plants used for animal or human feed herbal drugs in EU pharmacopoeia;
2. Description of the known active substances, providing the concentration range of any
toxic substances that are relevant for human, animal health and environment, if the active
substance (s) is (are) not identified the definition of a representative marker, providing
analysis report of 5 batches of different manufacture, collected over several periods; 3.
Physico-chemical properties of all identified “active substances”; 4. Data regarding the
application; 5. Validated analytical methods; 6. Efficacy data; 7. Residues in or on treated
products food and feed; 8. Fate and behavior in environment; 9. Ecotoxicological studies.
Semiochemicals are chemicals emitted by plants, animals, and other organisms that evoke
a behavioral or physiological response in individuals of the same or other species. They
include pheromones and allelochemicals. Allelochemicals are semiochemicals produced
by individuals of one species that modify the behaviour of individuals of a different
species (i.e. an interspecific effect). They include allomones (emitting species benefits),
kairomones (receptor species benefits) and synomones (both species benefit). Pheromones
are semiochemicals produced by individuals of a species that modify the behaviour of
other individuals of the same species (i.e. an intraspecific effect). Data required for
semiochemicals are given in OECD Series on Pesticides 12 guidelines. Regarding micro-
organisms and viruses, data required are given in OECD Series on Pesticides 23
guidelines. In addition nematodes and macro-organisms are not covered by 91/414/EEC
in most European countries (Denmark, Finland, France, Greece, Germany, Italy, Portugal
and Spain) and usually no registration is required except for exotic species, which have
never been used in biological control in an ecosystem. The regulation of plant protection
products in the European Union (EU) was firstly harmonized under Directive
91/414/EEC, which came into force on 26 July 1993. This Directive established agreed
criteria for considering the safety of active substances, as well as the safety and
effectiveness of formulated products. It also provided the establishment of a positive list
of active substances (forming “Annex I’ of the Directive) consisting of already existing and
reviewed or new ones. A re-registration process was adopted for products already on the
market containing a newly listed active substance in Annex I. The review of existing
pesticides has led to the removal from the market of pesticides which cannot be used
safely. Out of almost 1 000 active substances commercialized on the market in at least one
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Member State before 1993, only 26 %, corresponding to about 250 substances, have passed
the harmonized EU safety assessment. The majority of substances (67%) has been
eliminated because registration dossiers were either not submitted, incomplete or
withdrawn by industry (Fig. 1.). About 70 substances failed to be reviewed and have been
removed from the market, because the evaluation carried out did not show safe use with
respect to human health and the environment. Regulation (EC) 1107/2009 (published on
24 November 2009) replaces Directive 91/414/EC and applies from 14 June 2011. It
continues to harmonize plant protection products across the EU as well as introduces
some new criteria for registration of plant protection products from plant origin as basic
substances and low risk pesticides (Table 2, Fig. 1.). Active substances are considered as
basic substances if they fulfill the criteria of the foodstuffs listed in Table 2. Low risk
substances should not be considered if at least one of the criteria listed in Table 2 is
satisfied. The substances which are currently listed in SANCO/10472 document, «25b list»
of the US EPA and all substances with GRAS status reduced data are required for the
registration. Some examples are listed in Table 3. In addition it will establish some new

European Directives Output

6 % Not approved

Dir 91/414
concerning the placing of
plant protection
products on the market

26 % Approved

67% Removed from marke*

e el Low risk pesticides
Dir 1107/2009 O P
concerning the placing of
plant protection
products on the market —_— - ' Basic substances

Dil‘ 2009/128 1 .............................
sustainable use of plant | == == =] '
protection products

Fig. 1. EU regulations of plant protection products influencing the natural pesticides
regulation (*no dossier submitted, incomplete dossier or dossier withdraw by industry)
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Basic substances
(fulfill the criteria of a “foodstuff’)

Low risk substances

(shall not be considered if at least of one)

a) is not a substance of concern
and

a) carcinogenic,

f) persistent (half-life in
soil is more than 60
days),

b) does not have an inherent
capacity to cause endocrine
disrupting, neurotoxic or
immunotoxic effects and

b) mutagenic,

g) bioconcentration factor
is higher than 100,

¢) is not predominantly used a
plant protection product and

¢) toxic to reproduction,

h) it is deemed to be an
endocrine disrupter, or

d) is not placed on the market
as a plant protection product

d) sensitizing chemicals,

i) it has neurotoxic or
immunotoxic effects.

e) very toxic or toxic,

Table 2. Cutoff criteria for basic and low risk substances

A) Edible parts of plants used for human nutrition or animal feed

artichoke (edible parts), basil (whole plant), black pepper (fruit), carvi (fruit), chives
(clove), coriander (fruit), elder (bark, flower, fruit), garden sage (whole plant), garlic
(clove), horse tail (leaf), laurel (leaf), mint (whole plant), olive (oil), onion (bulb), oil seed-
rape (oil), sesame (seed), soybean (oil), squash (seed), sunflower (oil), tomato (fruit).

B) Parts of plants authorized as herbal drugs

bladder wrack (thallus), feverfew (whole plant), lavander (whole plant), nettle (whole
plant), rhubarb (rhizome only), sweet chamomile (whole plant).

C) Plant extracts classified as Minimal risk pesticides

castor oil, cedar oil, cinnamon and cinnamon oil, citric acid, citronella and citronella oil,
cloves and clove oil, corn gluten meal, corn oil, cottonseed oil, eugenol, garlic and garlic
oil, geraniol, gernanium oil, lauryl sulfate, lemongrass oil, linseed oil, malic acid, mint
and mint oil, peppermint and peppermint oil, rosemary and rosemary oil, sesame
(includes ground sesame plant) and sesame oil, sodium lauryl sulfate, soybean oil, thyme
and thyme oil and white pepper

D) Plant extract classified as GRAS

Lecithin, cinnamon

Table 3. Example of botanicals under the easier procedure for regularization: A) as listed in
SANCO/10472; B) as listed in SANCO/10472; C) «25b list» of the US EPA; D) 21 CFR
184.1400 in the REBECA deliverable 14 (www.rebeca-net.de)

requirements, such as the introduction of hazard based criteria, assessment of cumulative
and synergistic effects, comparative assessment and endocrine disruption. According to the
new Dir 2009/128/EC on sustainable use of plant protection products Member states should
adopt National Action Plans (NAP), set up their quantitative objectives, targets, measures
and time table to reduce risk and impact of pesticides use on human health and the
environment by 2012 and encourage the development and introduction of low inputs
pesticide production giving whereas possible priority to non chemical methods. Low inputs
pest management includes Integrated pest management (IPM) as well as alternatives
methods like Organic farming, IPM must be implemented in each Member state by 2014.
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Non chemical methods cover also biological pest control according to Dir 2009/128/EC .
One example of NAP is a plane called “EcoPhyto2018” in France. The highlighted goals of
Ecophyto 2018 are: “to achieve 50% reduction in the use of pesticides by 2018, if feasible”
and “that the total areas certified as organic agriculture go from the present 2% to 6% in
2012, and eventually to 20% by 2020”.

2.2 Organic agriculture and EU regulations

Organic agriculture is an ecological production management system that promotes and
enhances biodiversity, biological cycles and soil biological activity. It is based on the
minimal use of off-farm inputs and on management practices that restore, maintain and
enhance ecological harmony (National Organic Standards Board, 1995). Ecological
soundness is the key claim, indeed the raison d’étre, of organic agriculture. Organic
farming is a system approach aiming at a sustainable ecosystem, safe food, good
nutrition, animal welfare and social justice. Since the beginning of the 1990s till 2009,
organic farming has rapidly developed in almost all countries, with more than 37 million
hectares managed organically by around 1.8 million producers, constitutes 0.85 % of the
agricultural area (FiBL/IFOAM Survey 2011). In 2009 the market value of organic
products worldwide reached 60 billion U.S. dollars and consumption of organic
vegetables and fruits has increased substantially in the last decade (Sahota, 2009).
Quantitatively, organic farming is still of minor importance, but it is one of the most
rapidly growing agricultural sectors worldwide. European organic food and drink sales
are bouncing back from the economic slowdown in 2009 and while them will return to
expand at higher growth rates from 2011 onwards. Growing consumer sophistication is
leading to a proliferation in food eco-labels like organic, fair trade, biodiversity, carbon
footprint, water footprint, etc. For many consumers, organic foods are the perfect
example of quality and/or healthy and organic farming is ‘farming without chemicals’
(Lampkin 1990). Although there is some evidence that consumers are willing to pay
more for environmentally ‘added value” products such as organic produced foods
(DEFRA, 2002; Gafsi et al., 2006) research shows that organic consumers are generally
more interested in social and environmental aspects of food production than the average
consumer (Sylvander & Frangois, 2006). The ethical concerns of organic consumers can
be easily categorized according to the three pillars of the concept of sustainability:
ecological, social, and economic sustainability. The concerns which exceed the standards
set by the EU regulation 834/2008 on organic farming name “additional ethical” or
“OrganicPlus” attributes (Zander et al., 2010). In 2004, the European Commission
published an ‘European Action plan for Organic Food and Farming' (COM, 2004), with
the aim to facilitate the expansion of organic farming, to develop the market for organic
food and improve standards by increasing efficacy, transparency and consumer
confidence. The plan aims to achieve measures such as improving information about
organic farming, streamlining public support via rural development, improving
production standards or strengthening research. It follows the rapid increase in the
number of farmers producing organically and strong demand from consumers during
the past few years. The new EU ‘organic regulation” consists of a framework regulation,
complemented by implementation rules and guidelines. Other important
regulations/standards are the National Organic Program of the USA, the guidelines of
the Codex Alimentarius and the basic standards of the International Federation of
Organic Agriculture Movements (IFOAM). Under all these standards, plant protection
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management and products are strictly regulated. Organic plant protection management
follows a clear hierarchy, above all, plant health is maintained by preventative measures
(choice of adapted species and varieties, crop rotation, cultivation techniques, thermal
processes and the protection and/or release of natural enemies) and only if these
methods are insufficient, plant protection products may be used (Speiser et al., 2006).
The substances and their authorized uses are listed in Annex II of Reg. 889/2008 and
divided in different categories as substances of crop or animal origin, micro-organisms
used for biological pest and disease control, substances produced by micro-organisms,
substances to be used in traps and/or dispensers, preparations to be surface-spread
between cultivated plants, other substances from traditional use in organic farming,
other substances. A very limited range of substances is authorized for use and for some
authorized substances and only selected uses are allowed (Speiser et al., 2006). In the EU,
new substances can only be authorized if they are consistent with organic farming
principles, if they are necessary for sustained production, if they are of plant, animal,
microbial or mineral origin in some cases exceptions are possible but non contact criteria
has to be respected , if they have no harmful effects on the environment along the life-
cycle and lowest negative impact on human or animal health and quality of life, with no
negative socio-economic impacts or unfavorable public perception (Article 16 of Reg.
834/2007). In the EU, a legal definition of organic farming practices was first given in
1991 (EC, 1991) and regulations were developed in a lengthy process and represent a
broad consensus in Europe (Schmidt & Haccius 2008; Mikkelsen & Schliiter 2009). The
new ‘organic regulation’ consists of a ‘framework regulation’, complemented by
‘implementation rules’” and guidelines (EC, 2007). For plant protection, the
implementation rule 889/2008 is relevant (EC, 2008). The regulation and authorization of
plant protection products in organic farming is recently explained by Speiser and Tamm
(2011). The authorization in the EU of new plant protection products has started by
requests which are submitted by an EU Member State but not by manufacturers to the
Commission. Recently, the Commission has set up an ‘expert group for technical advice
on organic production’ responsible for authorization (EC, 2009). Once an active
substance is authorized for use, it is up to the certification authority to determine under
which conditions commercial products may be used. Although organic farming is
governed by one regulation throughout the EU, the practices of plant protection differ
significantly from one country to another. This is due to a complex interaction between
organic legislation, national private standards, general pesticide legislation, and
commercial activities with respect to plant protection products and regional farming
traditions. In the EU organic regulation, plant oils, micro-organisms and pheromones are
authorized in a generic way. New substances belonging to one of these three groups can
be used in organic farming without any further authorization procedure, if they are
allowed for use in general agriculture in the EU. Commercial organic production of any
crop is only possible if materials or methods are available to regulate the key pests and
diseases. New developments require progress in the range of authorized pesticides due
to the farm sizes become larger and farms tend to specialize in a decreasing number of
crops, consumers requirements with respect to external quality are continuously
important, economical conditions like open market, strong demand for high quality
food, seed-borne diseases are likely to gain importance in the future because the not
allowed use of synthetic fungicides (Tamm, 2000).Actual statuses of three most
widespread botanical insecticides in conventional and organic agriculture are presented
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in Table 4. Rotenone is one of controversial substances, its use should be reduced in
organic farming and main reasons are explained in the next sections.

Active Category Annex I Regulation MRL glfg;?;;
substances (Dir 91/414/EEC) | (EC) mg/kg (889/2009)
Pyrethrins Insecticide | IN 2008/127 0.05-1 IN
Rotenone Insecticide | OUT 2008/317 88; IN

. . .\ SCoFCAH
Azadiracthin | Insecticide | IN Mar 2011 0.01-1 IN

Table 4. Actual status of Pyrethrins, Rotenone and Azaditacthin under Dir.91/414/EEC and
Organic farming regulation: IN: Included or authorized; OUT: Not included; MRL
maximum residue level (EC No 396/2005)

2.3 An actual case of rotenone

A very well known group of natural products occurring in the Leguminosae family are
rotenoids and their most famous member is Rotenone. Rotenone is extracted from
Leguminosae species such as Derris elliptica, Tephrosia vogelli and Lonchocharpus nicou
(Copping, 1998). A strain of endophytic Pencillium sp., isolated from the fresh roots of Derris
elliptica Benth, might produce rotenone or its analogues and be active against aphids (Hu,
2005). The molecule is named after Roten, who was the first researcher to study this
pesticide in Japan at the beginning of the past century. Among 29 rotenoids isolated from
cubé resin, obtained from the roots of Lonchocarpus utilis and wurucu from Peru, major
components are: rotenone (44.0%, w/w), deguelin (22.0 %, w/w), rotenolone (12a,-
hydroxyrotenone) (6.7 %, w/w), and tephrosin (12a,-hydroxydeguelin) (4.3 %, w/w).
Additional rotenoids have been isolated and identified but they were likely ascribed to
decomposition products generated with the resin processing (Fang & Casida, 1999). A
marked insecticide activity is reported for the main rotenoids (Yenesew, 2003), even though
rotenone and deguelin show a similar activity much stronger than their derivatives (Fang &
Casida, 1999).

2.3.1 Rotenone as biopesticide and mode of action

Rotenone has a long history of use as a toxin for insects and other arthropods, as well as for
fish (Ray, 1991). Rotenone shows a pyrethrin-like behaviour but with a stronger action and a
higher persistence (Crombie, 1999). It owes part of its efficacy to its rapid neurotoxic action
against insects, named “knock down effect”; and it is used to control aphids, suckers, thrips
and other insects on fruit and vegetables (Tomlin, 2000). Rotenone increased the insect’s
mortality and negatively affected its reproduction (Guadan et al., 2000). Despite rotenone
being used for many years as a botanical insecticide (Whitehead & Bowers, 1983), there are
only a few papers about the feeding deterrent activity of rotenone and its derivatives
(Bentley et al., 1987; Nawrot et al., 1989). There appear to be differences in the sensitivity of
various Lepidoptera species to this compound (Dowd, 1988; Valles & Capinera, 1993). When
ingested, rotenone tended to reduce the amount of food absorbed by the larvae, as well as
their ability to convert the absorbed food to biomass (Wheeler et al., 2001). Slow action of
rotenone as a stomach or contact poison is known (Fukami & Nakajima, 1971). Rotenone is

www.intechopen.com



Natural Pesticides and Future Perspectives 177

highly toxic to fish, with 96-h LC50 values of 23 and 2.6 ng/g to rainbow trout and channel
catfish, respectively (Kidd & James, 1991). It has been used by native tribes as a fish poison
to obtain food and more recently in fisheries management to achieve the desired balance of
species, e.g., the treatment of Lake Davis in California (California Department of Fish and
Game, 1997) as well as the treatment of rivers and river systems in the last 5-10 years in
Norway to exterminate the parasite Gyrodactylus salaries of North Atlantic salmon by killing
the host (Anonymous, 2002). The application of rotenone to fresh waters can also cause
significant declines in zooplankton and certain benthic fauna; however, some invertebrates
would normally be expected to recover in a few months (Blakely et al., 2005; Melaas et al.,
2001), although the recovery rates are largely dependent upon each taxon’s recolonisation
ability. Rotenone is toxic to bees when used together with pyrethrin (Kidd & James, 1991)
but alone is used to control the mite Varros jacobsoni which affects colonies of the honey bees
(Jimenes et al., 2000; Martel and Zeggane, 2002). There are several studies that reported the
persistence of rotenone on food crops after treatment. The half-life of rotenone on olives has
found to be 4 days, while at harvest the residue levels were above the tolerance limit with
residues in the oil being higher than those on olives by a factor of 2.4-4.8(Cabras et al., 2002).
Rotenone was detected at concentration of 0.11 mg/kg in honeys (Jiménes et al., 2000). Due
to the mentioned evidences and the facts reported in the next paragraphs (2.3.2. and 2.3.3)
Rotenone is not included in the Annex I of the European Directive 91/414/EC, as well it is
provided with a default maximum residue level (MRL) of 0.01 mg/kg (Table 4). Because of
its natural origin, the use of rotenone as an insecticide has been allowed in the last two
decades in organic crop production. Rotenone is used in European organic agriculture
nowadays, with a strong restriction regarding its environmental hazards. The use of
rotenone is partially restricted in Austria, Italy, Spain, Switzerland, and the United
Kingdom, but not in Denmark, Netherlands, Portugal, and Slovenia. In the United
Kingdom, few private standard-setting organizations allow its use after preliminary
permission, while others never permit its use (Speiser & Schid, 2003). In Italy the use of
rotenone formulations is allowed until 30 April 2011 only on apples, peaches, pears and
cherries.

2.3.2 Parkinson Disease (PD) and cancer chemopreventive effect of rotenone

Rotenone exposure cause neurotoxic effects that may suggest its possible role in the
development of a PD-like syndrome in animals. Rotenone treatment causes lesions to the
nigrostriatal system that are consistent with PD, via production of Reactive Oxygen Species
due to inhibition of mitochondrial Complex I (Sherer et al.,, 2003 a) and glial activation
(Sherer et al., 2003 b). Although the effects of Rotenone on the brain were first tested over 20
years ago, the model received the most attention when reproduced with a chronic mode of
iintravenous delivery (Betarbet et al, 2000). There are several issues that have
disadvantaged acceptance of the chronic Rotenone model, the most important is variability.
Different modes of administration have been explored and in specific the intractranial
(Saravanan et al., 2005), intravenous (Milusheva et al., 2005) , subcutaneous (Caboni et al.,
2004), intraperitoneal (Cannon et al., 2009) and more recently, others such as oral (Inden et
al., 2007) and intranasal (Rojo et al., 2007) delivery that are arguably more realistic with
regard to potential entry sites for toxin exposure in human PD. Unfortunately, these novel
routes have only been reported in single studies with limited pathological analysis. The
Rotenone model is evidence demonstrating marked systemic non-specificity is non-
specificity within the central nervous system does not reproduce the pathology of PD but
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rather induces a pattern of pathological changes. In addition, there remain critical issues
regarding the translatability of the model: does the Rotenone model truly recapitulate
human PD? These data can be of help for understanding the role of pesticide exposure in
human PD development. On the other hand farmers exposed for days or weeks during
several years to much lower doses than those used in experimental studies. Therefore, a
conclusion on the role of pesticide exposure on the increased risk of developing PD cannot
be drawn (Moretto & Colosio, 2011). Future studies should include histopathological
analyses of other systems and perhaps attempt to evaluate the model from a different angle,
shedding light onto the potential value of these “nonspecific’”” effects in reproducing other
aspects of PD pathology (Cicchetti et al., 2009). Rotenone is known not only as a toxicant but
also as candidate anticancer agents (Fang et al., 1997, Rowlands & Casida, 1998). Rotenone

induces mitotic catastrophe, mitotic slippage, cell death and cellular senescence in cancer
cells (Gongalves et al., 2011).

2.3.3 Chemical and photochemical fate of rotenone in the soils in relation to the soil
components

Both the accumulation of pesticides in the soil and their dispersion in the environment
depend chiefly on the characteristics and overall functioning of the ecosystem. Soil
represents a major sink for organic xenobiotic contaminants in the environment. It is
necessary to establish the fate of the parent compound and its degradation products in the
soil in order to completely evaluate the environmental hazard of rotenone. In order to fulfill
the lack of information regarding the rotenone fate in the soil several studies have been
carried out by the authors. In experiments carried out to study photodegradation of
rotenone in soils under environmental conditions, the observed overall degradation of
rotenone is not only determined by photolysis itself but also as a function of soil
characteristics, and it appears to be reduced and affected by several other physical-chemical
mechanisms (Cavoski et al.,, 2007). Results indicate that the photochemical behavior of
rotenone is significantly affected by the soil physicochemical characteristics. The three soils
used in the experiment show significantly different net losses due to the sunlight exposure,
the photolysis rate ranging from 0.12 to 0.18 min?!. However, the contribution of the
photochemical processes to the global consumption rate is higher in soils richer in organic
matter than that in sandy soil. The photodegradation of rotenone on soil surfaces principally
produces an oxidized metabolite, rotenolone (12ac-hydroxyrotenone) (Fig. 2). The
photolysis reaction proceeds better fit two compartment or multiple compartment model
pathways. A fast initial decrease during the first 5 hours of rotenone irradiation is followed
by a much slower decline (lasting more than 10 hours), which clearly indicates the rather
complex chemical process of rotenone photodegradation on soil surfaces. In the initial
decrease, the degradation in soils of rotenone is mainly effected by direct sunlight
irradiation and proceeds at a high rate; then, following rotenone adsorption on soil particle
surfaces, it appears to reduced and be effected by several other physical-chemical
mechanisms. On the other hand in the standardized laboratory experiments regarding
rotenone degradation in soil we proofed that chemical degradation process markedly more
complex than its photodegradation on soil surfaces and the contribution of chemical
processes to the global degradation rate is higher in sandy soil than in soils richer in organic
matter (Fig. 2). The half lifes of rotenone and 12ac-hydroxyrotenone (major metabolite),
were 8 and 5 days, 23 and 56 days at 20 °C, respectively. However, at 10 °C a tendency for
slower degradation of rotenone and 12ao-hydroxyrotenone was observed (25 and 118 days
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and 21 and 35 days, respectively). Results show that the degradation rates of both rotenone
and 12aB-hydroxyrotenone were greatly affected by temperature changes. Rotenone
degradation phenomena are described by a bi-phasic equation, while metabolites
degradation kinetics is described by a first order equation. Rotenolone is more persistent
then rotenone in the soil. Chemical degradation was strongly affected by soil adsorption
properties, soil temperature and rotenone characteristics. Adsorption processes affect its
degradation in the soil mainly by modifying its chemical bioavailability and activity.
Variability in degradation rate has provided evidence for possible field-to-field variation in
the degradation rates of rotenone in the environment. A greater understanding of the factors
that influence degradation rates is required to support obtained results.

ontlH
\

/\’=CH2

LontlH
N

/\=CH2

HaC

Minor metabolites, bounding residues, CO;

Fig. 2. Chemical ( ) and Photochemical (---------- ) pathway of rotenone in soil. 1-
Rotenone, 2- 12af3- hydroxyrotenone and 3- 12aa- hydroxyrotenone

The principal photochemical reaction of rotenone on soil surfaces is photoxidation (Fig. 2),
producing an oxidized metabolite - rotenolone (12aB-hydroxyrotenone). The
photodegradation kinetic can be explained by a multiple compartment model. A fast initial
decrease during the first few hours of rotenone irradiation is followed by a much slower
decline. In the initial decrease, the degradation of rotenone in soils is mainly affected by
direct sunlight irradiation and proceeds at high rate (probably initiated by its
photosensitizer properties); then, following rotenone adsorption on soil particle surfaces, it
is reduced and affected by several other physico-chemical mechanisms. Chemical
transformation of rotenone in a soil (Fig. 2), such as hydrolysis and oxidation, are important
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phenomena but, however, isomerization has also been observed in standard laboratory
studies. Main metabolites were 12aB-hydroxyrotenone and its isomer 12a0-
hydroxyrotenone, indicating the rather complex chemical process of rotenone degradation
in soil with respect to its photodegradation on soil surfaces. In order to understand the role
of organic fraction in the soil on rotenone degradation we investigated mechanism by which
rotenone binds to the humic acids relative to their origin and properties by means of
spectroscopic studies. Results demonstrated that the rotenone adsorption onto humic acids
can be achieved by different mechanisms, as a function of the compositional, structural, and
functional properties humic material have been obtained (Fig. 3.). The most important

A Y\ B

Fig. 3. Schematic representation of binding mechanisms possibly occurring between various
structural units of humic acid (HA) macromolecules and rotenone (R): A- hydrophobic and
B- hydrogen bonds

parameters determining a prevalence of a specific mechanism with respect to others are the
oxygenated group’s content and the aromatic degree of humic acids. These characteristics
result in a different chemical reactivity and a residual adsorbing capacity of the humic acids
toward the non-polar rotenone molecule. The humic acids characterized by a greater
aromaticity degree and lower polarity, featured by a mixed aromatic/aliphatic character,
rotenone resulted preferentially adsorbed onto these humic acids by hydrophobic
interaction, whereas onto mainly aliphatic and acidic humic acids the hydrogen bonds
resulted predominant. The most important parameters determining a prevalence of a
specific mechanism with respect to others are the oxygenated groups content and the
aromatic degree. These characteristics result in a different chemical reactivity and a residual
adsorbing capacity of the humic acids toward the non-polar rotenone molecule. The FT-IR
spectroscopy data indicated weak interaction between rotenone and humic acids, involving
mainly hydrogen bonding, and possibly also hydrophobic forces. Fluorescence
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spectroscopies data appear very informative and clear, suggesting that rotenone,
preferentially binds to humic acids by hydrophobic interaction (Cavoski et al., 2009). Results
provide additional insights about transformation phenomena and metabolite production of
rotenone in the environment, describing more clearly the degradation performances as a
function of various physico-chemical parameters.

2.4 Pyrethrins and Azadirachtin actual status

Neem oil extracted from the seeds of neem tree (Azadirachta indica) has been known to
contain many bioactive compounds. These compounds are triterpenoids of the class of
limonoids. Major limonoids reported in literatures are azadirachtin (azadirachtin A),
salanin, nimbin, 3-tigloylazadirachtol (azadirachtin B), and 1-tigloyl-3-acetyl-11-
hydroxymeliacarpin (azadirachtin D) (Govindachari et al., 1996, 2000; Isman, 2006, 1990;
Kumar, 1996, Mordue & Blackwell, 1993; Morgan, 2009; Mitchell, 1997). These compounds
are responsible for diverse activities such as insect antifeedant, insect growth disrupting,
insecticidal, nematicidal, fungicidal, bactericidal, etc. (Kavathekar, 2003). Many other
compounds are present in smaller quantities in neem seeds (Hallur et al., 2002; Kumar et al.
1996a, 1996b; Ragasa et al, 1997; Siddiqui et al., 1986). Therefore, most products from neem
oil are usually represented by their azadirachtin content although they also contain other
compounds (Isman, 2006). Azadirachtin content in crude neem oils varies from negligible to
more than 4000 mg/kg (Govindachari et al., 1996; Kumar et al., 1997). Limonoids are soluble
in polar and mid-polar solvents and slightly soluble in water. Separation of azadirachtin and
other limonoids from neem seed or oil can be carried out by using various methods. Still
there are studies regarding the recovery of azadirachtin from defatted neem kernels in order
to optimize the extraction processes. The hexane induced precipitation is a potential pre-
concentration step in the separation of azadirachtin and other limonoids from neem oils
where azadirachtin purities in the powders is 14.85% and 7.34%, respectively, which
represented more than 180-fold enrichment from initial content in neem oils of 0.1%
(Melwita & Ju, 2010). Sunlight photodegradation is the main factor influencing the rate of it
decomposition after tomato greenhouse treatment. Under field conditions azadirachtin and
other neem constituents, e.g., salannin, nimbin, deacetylnimbin, and deacetylsalannin, are
not persistent. Three days post field application at the dose five times higher than
recommended by the manufacturer, residues of azadirachtin A and B were 0.03 and 0.01
mg/ kg, respectively, while residues of salannin and nimbin were not detectable (Caboni et
al., 2006; 2009).

Azadirachtin is one of the 295 substances of the fourth stage of the review program; the peer
review process was subsequently terminated following the applicants” decision to withdraw
support for the inclusion of azadirachtin in Annex I of Council Directive 91/414/EC by
Decision 2008/941. The reasons for this decision were related to incomplete data regarding
metabolism in plants, animals and soil by using radio labeled isotope and toxicological-
ecotoxicological data for all limonoids present in extract and formulations were required.
Approximately 30 additional studies were performed in order to fulfill missing data. IFOM
has been sent different letter to EFSA (European Food Safety Association)
(letter_IFOAMEU_COM_lime_sulphur_azadirachtin_EFSA_16.11.2010) for its inclusion,
explaining the importance of azadirachtin for the control one of the most dangerous key
pests in organic fruit production the rosy apple aphid (Dysaphis plantaginea), and its role in
resistance management in organic farming for several pests, e.g. the Colorado potato beetle
(Leptinotarsa decemlineata). At the time when this chapter was written, azadirachtin was
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included in Annex I (SCoFCAH Mar 2011 according to Reg. 33/2008) based on EFSA review
(EFSA, 2011) (Table 4).

Pyrethrum is a powder obtained by crushing dried flowers of daisies belonging to the
family of Asteraceae such as Chrysanthemum. spp., Pyrethrum. spp., and Tanacetum. spp.
Pyrethrum is a mixture of six esters, pyrethrins I and II, (the most abundant), cinerin I and
II, and jasmoline I and II. Sunlight photodegradation is the main factor influencing the rate
of it disappearance after the application at ten times the dose recommended by the
manufacturer disappearance time was 2.3 days (Angioni et al., 2005). Pyrethrum was the
only botanical included in the Annex I after the fourth stage of re-evaluation. Cultivation is
the most suitable option as a large continuous supply of raw material is needed for
commercial production. At the moment Kenya produce 70% of pyrethrin world production.
In Europe, France (AgriPlantes) has been developed the project for pyrethrin production in
order to reduction of fluctuation of price and guaranty of formulation quality by controlled
harvesting conditions (Isman, 2008). In Mediterranean basin there are various soils and
climatic conditions appropriate for pyrethrin growth but high labor cost is limited factor. In
the formulation pyrethrum is mixed with piperonyl butoxide, a synergist used for a wide
variety of insecticides formulation, in order to increase the effectiveness. At the present time
there is strong restriction regarding the use of piperonyl butoxide in the formulations for
organic farming. Synthetic piperonyl butoxide is considered a non-allowed "inert
ingredient" and pyrethrum products may be synergized only with piperonyl butoxide from
a natural source, such as oil of sassafras according to Soil Association. Imported products
treated with synthetic piperonyl butoxide can be certified only as "equivalent".

3. Conclusion

The researchers suggest that certain organic management practices are not necessarily more
environmentally sustainable than conventional systems. An integrated pest management
approach might be more suitable, as such a system is flexible enough to include whichever
practices have the smallest environmental impact (Bahlail et al., 2010). In order to optimize
environmental sustainability, natural pesticides must be evaluated for their environmental
impact in the context of an integrated approach, and that policy decisions must be based on
empirical data and objective risk-benefit analysis, not arbitrary classifications. Life cycle
toxicity assessment of pesticides used in integrated and organic production showed that
organic production represents the least toxic pest-control method. The authors concluded that
a careful selection of pesticides used in the production can minimize human toxicity impacts
by two orders of magnitude while freshwater ecotoxic impacts can be reduced by up to seven
orders of magnitude (Juraske and Sanjuan, 2011). The new categories of low-risk active
substances and basic substances under EU regulations (1107/2009) seem to make legal
regulation of low-risk active substances more easily and faster but only after submission of a
heavy dossier and the complex evaluation process. In addition, basic substance approach
appears to be without significant interest for the industrial production of natural pesticides.
Directive 2009/128 on sustainable use creates promising opportunities for non-chemical
methods and organic farming which must be taken in consideration in National Action Plans.
The bottleneck of new plant protection products legal regulation is a time and cost consuming,.
Possibly it is time to refocus the attention of the research community toward the development
and application of known botanicals rather than screen more plants and isolate further novel
bioactive substances by developing new technology in botanicals formulation.
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