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Abstract

programs.

phytonematodes management.

Despite the usefulness of nematicidal compounds in agricultural practices, but it cause environmentally problems,
which lead to seek about safe and alternative agents as tools to be used in the plant nematodes management

Abamectin is one of the suggested alternative biorational tool that belongs to avermectin group, which belong
to macro cyclic lactones metabolites produced by a natural fermentation of the bacterium Streptomyces avermitilis.
Abamectin mixture contains more than 80% avermectin B1, and less than 20% avermectin B1,. Meanwhile,
abamectin used as an insecticide, acaricide and nematicide on vegetables, fruits and field crops.

On the other hand, neem oil is a vegetable oil pressed from the fruits and seeds of the neem tree, Azadirachta
indica. The neem tree was recognized for its unique properties against insects, and in improving human health. It is
grown in most tropical and sub-tropical areas. Its leaves, bark, and seed kernels extracts, or cake, can be utilized in

Various components such as nimbin, nimbidin, azadirachtin, salannin, thionemon, and meliantriol occur in the
seeds, leaves, and the bark of neem with high concentrations. The effect of neem against plant parasitic nematodes
was noticed and recorded in many reports, as well as its insecticidal, fungicidal and bactericidal efficacy.

Keywords: Avermactins; Abamectin; Neem oil extract; Azadirachtin;
Plant parasitic nematodes

Introduction

Plant parasitic nematodes found to be one of the most widespread
diseases in the last two decades that attract the attention of researchers,
especially those in the field of plant protection. There are thousands
of genus and species of plant parasitic nematodes (PPN), which cause
damages in quality and quantity of yields in varied crops; moreover,
increasing the costs of production. The most famous and distractive
genus around the world is the root-knot nematodes (Meloidogyne spp.),
because of its wide host range which included more than 2000 hosts,
such as vegetables, fruit trees, oil crops, fiber crops, grains crops and
feeding crops, in addition, weeds which are considered secondary host
to nematodes.

Hence, the most researches are concerned by the root-knot
nematodes, which are found to be the most important and being
responsible for at least 90% of all damage caused by nematodes [1], as
well as plant parasitic nematodes, causes an estimated $118b annual
loss to world crops [2].

In 1976, scientists at Merck & Co. Inc. discovered a complex of eight
closely related natural products, named avermectins in a culture of
Streptomyces avermitilis, MA-4680 (NRRL 8165), obtained from isolate
by the Kitasato Institute from soil samples collected at Kawana, Ito city,
Shizuoka Prefecture, Japan [3]. The avermectins are closely related to
another group of pesticidal natural products, the milbemycins, which
was the first examples described by Japanese workers, but later found to
be more abundant in nature than the avermectins [3].

Avermectin Bl (abamectin), is the major component of the
fermentation which showed the ability to control mites and insect
pests on a variety of agricultural and horticultural crops worldwide.
Abamectin has shown low toxicity to non-target beneficial arthropods
that help its acceptance into Integrated Pest Management (IPM)

programs, besides supporting the safety to man and the environment

(4].

Certain reports unanimously recorded that abamectin has
nematicidal efficient against the root-knot nematode and other genus
in several crops [5-10].

The Neem tree (Azadirachta indica) originated in India and
Myanmar, but is now found throughout the Indian subcontinent, and
can be grown in subtropical and tropical areas [11]. Neem oil contains
many triterpenoid compounds, the main component is azadirachtin,
whose final synthesis was completed in 2007 and published in 2008
[12].

Neem components have attracted global attention for their
insecticidal, fungicidal, bactericidal and nematicidal properties [13].
Crude neem extracts have been used at a local and small-farm level for
some time in countries where neem grows. In the major countries such
as USA, Canada and Europe, the commercial neem insecticides have
reached the markets.

Azadirachtin is one of the most interesting constituents of neem
which is derived from seed kernels, that has been shown influence on
insect feeding behaviour and insect developments, and indicated highly
activity against a number of insect pests [14,15]. Also, the toxicological
profile of azadirachtin is generally favorable [16-18].
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Azadirachtins contains many isomers from A up to I, and the most
studied includes azadirachtin A, azadirachtin B, nimbin and salannin
[19]. It has been demonstrated that neem products are very effective
in reducing the phytoparasitic nematodes and improve plant health.
In same time, the ability of eggs to hatch and mobility of juveniles is
reduced by various neem products.

The interest in developing pesticides of natural origins has increased
during recent years, because of the adverse effects of synthetic chemical
pesticides, like impact on environment, toxicity to non target organisms
including humans, and resistance development in insect population.

Regarding the integrated nematodes, management need many
efforts from the researchers to find new tools that could be used in
IPM programs. In spite of this, there are varied methods to manage
plant nematodes, but the chemical nematicides are still the most
used and widespread method. Usage of biorational agents as one of
new trends in IPM programs, still need to develop. Several strategies
have been proposed against plant parasitic nematodes that included
fungi, bacteria, entomopathogenic nematodes, plant extracts, soil
amendments, as well as metabolites of fungi and bacteria.

Therefore, this work aimed to through a light on alternative and
effective tools that could be used in integrated nematodes management
programs, as a safe method on human health and the surrounding
environment.

Abamectin

Avermectins were discovered and developed by the scientists from
Merck Sharp Dohme Research Laboratories [20,21]. The avermectins
contain four pair’s compounds which contain four major components
Al, A2, Bl and B2, and four minor components Al, A2, B1, and

B2,

The macrocyclic lactones (avermectins and milbemycins) are
products or chemical derivatives of soil microorganisms belonging to
the genus Streptomyces. The avermectins are a family of 16-membered
macrocyclic lactones, such as ivermectin, abamectin, doramectin,
eprinomectin, and selamectin [22].

Abamectin is a natural fermentation product of the soil bacterium
Streptomyces avermitilis [23,24]. Furthermore, abamectin is a blend of
avermectins B1_and B1, which contain at least about 80% avermectin
Bl and 20% avermectin Bl, [24]. These two components, B1 and Bl ,
have very similar biological and toxicological properties.

Abamectin is not only used to control insect and mite pests of citrus,
pear, and nut tree crops, but also leafy vegetables, fruiting vegetables,
plum, prune, avocado, mint, and basil. It is used by home owners to
control the fire ants, and as cockroach toxic baits. Meanwhile, abamectin
proved his activity against plant parasitic nematodes, therefore, there is
a new formulation used as seed treatment under trade name Avicta®,
to protect the plants in the initial growing phase from insects and plant
parasitic nematodes which attack root system.

Abamectin has shown low toxicity to non target beneficial
arthropods, which was considered a motivation to use it in IPM
programs. Abamectin was evaluated against plant parasitic nematodes
as seed treatment, soil drench application, and root dipping against
several genus of nematodes like Meloidogyne incognita, M. arenaria, M.
javenica, Tylenchulus semipenetrans and Rotylenchulus reniformis.

The persistence of abamectin in the environment is moderately. The
reported laboratory soil aerobic half-life was 115 days, and the reported

field dissipation half-life was 31 + 6 days. Abamectin is relatively stable
to hydrolysis, but may undergo direct photolysis with half-life in surface
soil =21 hours. Also, it was found that abamectin toxicity increased
with increasing the temperature from 17 to 37°C [25].

Moreover, in a soil rhizosphere, abamectin is bind tightly to soil
particles, and has a low water solubility, resulting in poor movement
of the product through the soil profile, as well as limited plant systemic
activity [26-29]. The water solubility of avermectin B1 is approximately
6-8 ppb, and its leaching potential through many types of soil is
extremely low.

Abamectin is highly unstable to light, and found to be degraded
readily by soil microorganisms, hence, residues in or on crops are very
low. These physical properties also confer many advantages upon the
use of avermectins as pesticides. Their rapid degradation in soil and
poor leaching potential suggest that field applications would not result
in persistent residues or contamination of ground water.

The effect of Abamectin on plant parasitic nematodes

Avermactin Bl found to be significantly reduce Hoplolaimus
galeatus and Tylenchorhynchus dubius after 14 and 28 days of treatment
[30]. The gall rating and egg counts of M. javanica were reduced
when different concentrations of abamectin were injected in to the
pseudostem of banana [5].

Abamectin was more effective than emamectin benzoate, for
controlling Meloidogyne incognita on tomato, M. javanica and
Radopholus similis on banana [31]. Abamectin, in certain doses, were
effective against Ditylenchus dipsaci in garlic, which decreased the
nematodes per cm? of tissue [32].

It was recorded that abamectin Bl reduced both Aphelenchoides
fragariae and Ditylenchus dipsaci populations in Lamium maculatum
and Phlox subulata, especially after repeated applications [33]. Young
and Maher [34] proved the activity of abamectin against bud and leaf
nematodes (Aphelenchoides ritzemabosi) in vitro and in vivo. While
abamectin as seed treatment to coat cucumber seeds (cv. Kahina),
reduced the penetration of Meloidogyne incognita juveniles within the
roots at 0.3 mg a.i./seed (approximately 20 g/ha) [35].

Abamectin (Vertemic 1.8% EC) as soil application proved
its nematicidal activity, that suppress the root-knot nematodes,
Meloidogyne spp., on different vegetables crops [9,10,36-40].

Emamectin benzoate, which follow avermectins group, were
effective against root-knot nematodes, but it was less effective than
abamectin [41,42]. Seed treatment with abamectin decreased the
penetration of the second stage juveniles into the roots, resulting in
lower colonization and reproduction of M. incognita, on cotton plants
[43]. Meanwhile, abamectin recorded an increase in plant growth
parameters such as plant shoot and root systems length and weight
[9,39,44-47].

The avermectins mode of action is blocking the transmittance
of electrical activity in nerves and muscle cells, by stimulating the
release and binding of gamma-amino butyric acid (GABA) at nerve
endings [48-52]. This causes an influx of chloride ions into the cells
(activate or opining glutamate-gated chloride channel), which lead
to hyper polarization and subsequent paralysis of the neuromuscular
systems [50,53,54], and then death. This unique mode of action is
effective on insect pests that are resistant to other insecticides, such
as organophosphates, pyrethroids and other acaricides. In nematodes,
GABA receptors are found at the neuromuscular junctions and the
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central ventral cords. GABA has also been reported in the second stage
juveniles of Globodera rostochiensis and Meloidogyne incognita [55].

Azadirachtin

The Indian Neem tree (Azadirachta indica, Aturs) was widely
distributed in India and some regions of Asia, Africa and Australia.
Neem tree is an evergreen tree that is part of the Meliaceae (mahogany)
family and known as margosa or Indian lilac, this group of trees that is
characterized by the widespread occurrence of bitter triterpenoids [11].
Neem is perhaps, the most useful traditional medicinal plant in India
[56]. Each part of the neem tree such as leaves, neem seed, neem oil and
neem cake are traditionally used by the farmers to hundred years for
its unique properties for insect and fungi control, in addition to cure
certain human diseases.

The neem tree has been described in 1830 by De Jussieu as
Azadirachta indica, and its taxonomic position is as follows:

Kingdom: Plantae

Division: Magnoliophyta

Order: Sapindales

Family: Meliaceae (mahogany family)
Subfamily: Melioideae

Genus: Azadirachta

Species: indica

The earliest report on the isolation of nimbin, which is considered
the first compound isolated from neem oil was published by Siddiqui
[57]. There are more than 300 compounds that have been characterized
from neem seeds, with over 50 different bioactive constituents from
various parts of neem tree, and certain reports have been published the
chemistry and structural diversity of these compounds [58].

Neem is available in simple homemade formulations like seed
powder, seed kernel powder, seed cake powder, dry leaf powder
and aqueous extracts made from them [59]. Azadirachtin is found
widespread throughout the Neem tree, along with other similar
triterpenoids, but is collected primarily from the oily extract of the
tree’s seeds, where 40-90 g of azadirachtin are found for every 1 kg of
extract [11,60].

The seeds contain about 45% of a brownish-yellow of fixed oil,
mainly constituted by oleic acid (50-60%), palmitic acid (15-19%),
stearic acid (14-19%), linoleic acid (8-16%), and characterized by an
acrid taste and a persistent and unpleasant odour [61]. Whilst, the
essential oil part included hexadecanoic acid (34.0%), oleic acid (15.7),
5,6-dihydro-2,4,6-triethyl-(4H)-1,3,5-dithiazine (11.7), methyl oleate
(3.8), and eudesm-7(11), as determined by GC-MS [62].

The isolated bioactive compounds from neem have been divided
into two major classes: isoprenoids and non isoprenoids [63]. The
isoprenoids included diterpenoids and triterpenoids, which contain
protomeliacins, limonoids, azadirone, gedunin and its derivatives,
vilasinin and C-secomeliacins, such as nimbin, salanin and
azadirachtin. While the non isoprenoids included proteins (amino
acids) and carbohydrates (polysaccharides), sulphurous compounds,
polyphenolics such as flavonoids and their glycosides, dihydrochalcone,
coumarin, tannins and aliphatic compounds [56,58,63].

Azadirachtin has not come to commercial use because it is expensive
to isolate it in a pure form from the need seed/kernel extract, and it is

a very complex molecule for an economical chemical synthesis. But,
now the total synthesis of azadirachtin was done after nearly 30 years
of work. This highly complex molecule, which contains 16 stereocenter,
and is nevertheless one of the most highly oxidized limonoids known
[64]. Despite these difficulties, the total synthesis of azadirachtin was
finally published in 2008 [12]. These synthesis masters built upon
the past three decades of successes and failures to piece together the
compound that had eluded chemists for so long [12].

A large number of compounds have been isolated from various
parts of neem, a few of them have been studied for their biological
activity. Nimbidin, a major crude bitter principle extracted from the oil
of seed kernels of A. indica demonstrated several biological activities.
From this crude principle, some tetranortriterpenes, including nimbin,
nimbinin, nimbidinin, nimbolide and nimbidic acid have been isolated
[56,57,65].

Azadirachtin, a complex tetranortriterpenoid limonoid from the
neem seeds, is the main component responsible for both antifeedant
and toxic effects in insects. Other limonoid and sulphur containing
compound with repellent, antiseptic, contraceptive, antipyretic and
antiparasitic properties are found elsewhere in the tree, e.g. leaves,
flowers, bark, roots [66].

The Neem tree has attracted the attention of many chemists and
biologists all over the world during the past two decades, because of its
efficacy against certain pests. Neem products have revealed that some of
them are effective against insects and nematodes [67-71].

Alarge part of the high level of enthusiasm for the use of azadirachtin
as a natural and eco-friendly pesticide is due to the compound’s
potential safety to humans and other warm-blooded vertebrates [72].
In fact, it is believed that azadirachtin and related neem triterpenoid
extracts may have beneficial effects on humans [11]. A study clarified
that pure azadirachtin is not toxic to humans [73], while a more recent
study estimates at least 15 mg of azadirachtin per kg of body weight
could be taken safely by humans each day, which is well within range
for use as a pesticide [16].

Neem oil extract is not only used in pests management, but also
neem cake, which is utilized as a natural and environmental friendly
fertilizer, soil conditioner, nitrogen saver and manure in farming and
agriculture [74], as well as some reports mentioned that neem cake was
effective against phytonematodes when blended with the soil.

Azadirachtin has been found to degrade rapidly due to
environmental factors such as UV radiation in sunlight, heat, air
moisture, acidity and enzymes present in foliar surfaces.

There are instances of toxic effects of residues of some of the
synthetic insecticides for the consumers of the product due to poor bio-
degradability. Therefore, there is a need for environmentally compatible
insecticides, possessing activities at low concentration and selective
toxicity to targeted pests, in addition, low toxic to plants and mammals,
desired stability and economic viability. The best performance for
formulated neem was obtained under warm temperature conditions
[15,75].

Azadirachtin is considered the only relative safe pesticides, which
could not cause environmental risk, and would not cause an ecological
problem in the microbial community in soil [76]. The potential
for mobility of formulated azadirachtin in soil is very low and the
accumulation in the environment is not expected [77]. Moreover, it was
reported that the formulated azadirachtin breaks down rapidly in 100
hours in water or light, and will not cause long-term effects [77].
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The activity of azadirachtin on plant parasitic nematodes

In addition to insects, other pests, including mites [78,79], snails
[80] and plant nematodes [9,81-83] have been reported susceptible to
neem components.

Azadirachtin (Achook® 0.15% EC and Nimbecidine® 0.03% EC)
proved highly active against Meloidogyne incognita in tomato plants,
which reduced galls, egg masses and juveniles by 69.31 and 64.48%,
62.25 and 40.37, and 60.15 and 63.71, respectively. Meanwhile,
azadirachtin (Achook® 0.15% EC) recorded reduction in the presence
of galls on plant roots and juveniles in soil [10,40,82,83].

Neem based formulations and azadirachtin significantly suppress
root-knot nematode (Meloidogyne incognita), on cucumber [84], and
cyst nematode (Globodera rostochiensis), on potato [85].

The seed and leaf extracts of neem (Azadirachta indica A. Juss)
caused 100% juvenile mortality of the root-knot nematodes and some
free-living nematodes on potato [86-88].

Two concentrations of aqueous extracts of the neem leaves and
seeds were evaluated on root-knot nematode, Meloidogyne incognita,
on tomato plants. The neem extracts recorded reduction in nematodes
population between 38 and 50% [89]. Moreover, the use of dry neem
leaves as incorporated into the soil reduced the root-knot nematode
Meloidogyne incognita significantly and enhanced the weight of fruits/
plant by 19% of eggplants [90]. Also, the neem leaf extract was effective
against root- knot nematode M. incognita and inhibit the eggs hatching
[91].

Using formulated neem oil as seed treatment and seedling root
dip against root knot nematode Meloidogyne incognita on tomato,
chilli and brinjal was effective and reduced nematode population [92].
Besides, seed coatings with neem oil, neem formulations and products
obtained from different plants, have also been used for the control of
plant parasitic nematodes [59,92-96].

Several reports found that azadirachtin, and/or neem extracts
enhanced the plant growth, and increased the yield in different crops
[9,10,83,85,91].

On the other hand, soil amended with oil-cakes of neem and other
plant products have been successfully used for the control of plant-
parasitic nematodes [92,97-103]. Whilst, fewer juveniles penetrated the
roots of plants raised in neem cake amended soil compared to untreated
plants [104]. The numbers of Pratylenchus penetrans and Meloidogyne
hapla in tomato roots grown in 1% neem cake were reduced by 67 and
90%, respectively [105].

The anti-feedant effects of neem were described scientifically for the
first time in 1959 by the German entomologist, Heinrich Schmutterer
who recorded desert locusts (Schistocerca gregaria Forskal), refusing to
feed on neem trees during locust migratory in Sudan [66].

There are numerous examples reporting the insect anti-feedant
and insect growth inhibitory properties of azadirachtin for a variety
of insect pests, and may also have a useful role to play in resistance
management. Azadirachtin has also been reported to be non mutagenic,
and it appears to have no apparent mammalian toxicity.

The actions of azadirachtin as insecticide are based on multiactions
pathways such as toxicity, anti-mitotic effects, antifeedant activity,
insect growth regulator, fecundity suppression, sterilization, oviposition
repellency, including harmful effects on endocrine system and damages
of the cuticle of larvae, preventing them from moulting [106,107]. Also,

reduced levels of detoxification enzymes due to its blockage of protein
synthesis [108].

Azadirachtin is considered strong anti-feedant because of its effects
on the insect’s chemoreceptors, which deter the insect from consuming
the plant. Moreover, azadirachtin not only blocks peptide hormone
release that cause molting abnormalities, but also cause damage in
insect’s tissues, including muscle, fat and gut cells [11,109].

Active neem constituents can be absorbed through plant roots and
systemically move upward through the plant's xylem tissues [110-113],
which mean that it could be used to manage plant parasitic nematodes
as soil application, especially against those plants' root feeders.

On the other hand, in certain reports, the nematicidal mechanisms
of neem were suggested and concluded that the involvement of
phenolic compounds absorbed systemically by the roots of tomato
plant might have induced tolerance against nematodes [103]. The
narcotic effect of neem formulations could be due to by-products
(ammonia, formaldehyde, phenols and fatty acids), released during
their decomposition [114]. It was claimed that direct toxicity of neem
formulations due to nimbin, salanine, thionemone, azadirechtin and
nimbidine [114,115]. The neem leaf extract inhibited the eggs hatching
of root-knot nematode in vitro [81].

Accordingly, it could be one of possibilities that Neem play a role as
plant nematodes as shown as insects. It was suggested that the efficacy
of neem constitutes on plant parasitic nematodes could be refer to
chemoreceptors (Amphids and Phasmids), which are responsible for
recognizing the host plant and work as repellent compound.

On the other hand, there are evidences that molting and
exsheathment in nematodes are under neurosecretory and endocrine
control. Ecdysone, and/or its active metabolite, 20-hydroxyecdysone,
or substances similar to ecdysteroids have been detected in several
nematodes [116-119].
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