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ABSTRACT

One major challenge that agricultural production faces is the presence of plant-parasitic nematodes
in crop fields. Plant-parasitic nematodes cause serious plant physical injuries, the inability of plants
to acquire nutrients from the soil, and weaken the plant immune system. However, plants respond
in several ways by producing hormones, anti-nematocidal proteins, repellents, nemastatic
compounds, or inhibiting the feeding cell formation and development that minimize attack and
injuries by the nematodes. Sometimes these mechanisms fail and therefore plant growers have to
use plant management practices to prevent and suppress the presence of parasitic nematodes.
The development and use of synthetic nematicides have limitations associated with costs and
environmental pollution. Therefore, the use of plant extracts that contains anthelmintic compounds
has proved to be successful in suppressing parasitic nematodes while maintaining environmental
safety for living organisms. However, the relationship between plant immunity and the applications
of plant extracts has not been well documented. It is against this background that this minireview
explains the mechanism of plant immunity and the potential of plant extracts in enhancing plants to
resist and suppress parasitic nematodes. The research progress and challenges of using the plant
extracts have also been discussed thus creating potential areas of future research on applications
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approach.

of plant extracts in parasitic nematodes management.
recommended the use of sustainable integrated management of plant-parasitic nematodes

Furthermore, this minireview has
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management.
1. INTRODUCTION

Plants are sessile organisms often exposed to
attack by a wide variety of pathogens and insects
which have a seriously devastating impact on
plant growth and vyield performance [1]. This
threatens food security since plant defense again
the pathogenic attack is done at the expense of
plant growth and development.

Plant-parasitic nematodes (PPN) are one of the
common parasites that cause serious Yyield
reduction in plants because they disturb the
transport system, divert plant nutrients, increase
secondary infections and also act as vectors for
viruses [2]. Plant yield loss due to PPN attack
has been estimated at a range of 10 to 25%
globally [3]. Approximately, a total of four
thousand species of PNN have been identified of
which most of them feed on roots [2] and most
devastating is a root-knot nematode of
Meloidogyne spp. [2,4]. On the other hand, In
rice fields, Hirschmanniella spp. infected 58% of
rice fields resulting in 25% vyield losses [3,5]. As
a result, various management practices have
been implemented to optimize the management
of plant-parasitic nematodes [6]. One common
method is the use of synthetic nematicides which
is being criticized because of its environmental
unsuitability. Therefore, cheap, safe and
sustainable management strategies need to be
devised in place of synthetic chemicals. This
minireview aims to highlight the current
knowledge of the mechanisms that plants use to
minimize nematodes attack and the potential of
plant extracts and the reasons for their
incorporation in the integrated management of
plant-parasitic nematodes. Furthermore, the
research progress and challenges associated
with the application of the plant extracts with
nematocidal activities have been highlighted.

2. MAJOR MECHANISMS OF PLANTS TO
OVERCOME PARASITIC NEMATODES

2.1 Physical Barriers

Plant-parasitic nematodes must penetrate the
cell wall of plants to feed. However, plants have
physical mechanisms for defense against
parasites, pests, and pathogens [7]. For
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example, roots have specialized structural cells
that form endodermis and provide special
protection against cyst and root-knot nematodes
[8]- Plants also produce lignin with the aid of 8-
aminobutyric acid (BABA), thiamine, and sclareol
within the roots that act against plant-parasitic
nematodes [9]. However, the presence of a
specific physical barrier in a plant is species-
specific. Other plants have more nematode
barriers than others. This gives the seasons for
the proper management practices that would
help to minimize the occurrence of parasitic
nematodes in the plants.

2.2 Phytohormones

The plant-parasitic nematodes attack has
resulted in the evolution of plant defense
mechanisms related to plant hormones.
Therefore, plant hormones are used by plants as
a strategy against plant-parasitic nematodes.
Ethylene (ET), jasmonate (JA), and salicylic acid
(SA) are the major plant hormones that play a
significant role in increasing plant defense
against plant pathogens [10,11]. During plant
attacks with root-knot nematodes, JA and ET
play a key role in inducing various plant defense
mechanisms [5]. The accumulation of JA, SA,
and ET result in overexpression of pathogenesis-
related genes (PR) like PR1,2 and 3 in different
plant tissues [10,12] which result in increased
immune responses against nematodes. In rice
plants, for example, JA pathways have been
reported to increase defense against plant-
parasitic nematodes like Meloidogyne
graminicola, Ditylenchus  angustus, and
Hirschmanniella oryzae [5,13]. In addition to SA,
ET, and JA, other plant hormones like Auxin, GA,
and ABA also have crucial functions in plant
resistance against plant-parasitic nematodes
[14].

Other studies reported that jasmonate acid in
soybean defends against the cyst of nematode
Heterodera schachtii [15]. A study done by Nahar
et al., (2012) showed that plants treated with Me-
jasmonate and ethephon (ethylene analog) were
more resistant against rice root-knot nematodes
Meloidogyne  graminicola  compared  with
untreated plants. Three nematodes that are
Heterodera schachrii, Meloidogyne javanica, and
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Pratylenchus neglectus, were applied to Spinacia
oleracea in which the concentration of
phytoecdysteroid, 20-hydroxyecdysone (20E)
hormone was elevated to investigate the effects
of 20E on plant-parasitic  nematodes.
Phytoecdysteroid was found to protect spinach
from  plant-parasitic  nematodes  because
abnormal molting, reduced invasion, immobility,
impaired development, and death of nematodes
were observed in the plants with a high
concentration of 20E. [16]. Based on these
research studies, the role of hormones in
inducing plant resistance and suppression of
plant  parasitic nematodes cannot be
underestimated.

2.3 Allelochemicals

Plants that are aromatic, produce antagonistic
compounds and toxins against plant-parasitic
nematodes. These plants and their residues
exhibit nematocidal properties [17-20]. Plant
biosynthesizes various secondary metabolites
that are different in their biological activities and
mode of actions although closely related
compounds may share similar biosynthetic
pathways while other metabolites have diverse
biosynthetic pathways [21]. Plant allelochemicals
are one of the major mechanisms which plants
use in their defense against enemies [7,22].
Allelochemical influences the interaction between
plants and other organisms below and above
ground [23]. By now approximately 100,000
secondary metabolites have been identified to be
produced by plants of which just a small number
of these metabolites have been described as
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allelochemicals that aid in plant defense
mechanisms. These include those chemicals
with nitrogen such as cyanogenic glycosides,
non-protein amino acids, and benzoixazinods.
Other allelochemicals of importance are
terpenoids, alkaloids, and hydroxamic acids of
benzoxazinoids and phenolic compounds
(flavonoids quinones, phenolics, and coumarins)
[1,23-25]. Plants with the ability to produce
allelochemicals have been incorporated into the
integrated pest and disease management as part
of the cultural intercropping approach. The use of
allelopathic Ageratum conyzoide plant has widely
been used in South China to control weeds and
soil pathogens. Usually, the plant secretes
allelochemicals (agaratochromene and flavones)
and volatile signaling compounds such as E-B-
farnesene and a-bisabolene into the soils and
air, respectively. These chemicals act on weeds
and soil pathogens and predatory mites in citrus
orchards [23,26,27]. Therefore, the use of plant
extracts with nematocidal effects provides the
alternative for synthetic chemical nematicides
that renders environmental unproductivity and
pollution. It is against this background that the
use of botanicals with nematocidal value be
incorporated in the management of plant-
parasitic nematodes.

Other plant defense systems which plants use to
overcome parasitic nematodes have been
summarized in Fig. 1. These include the
production of repellents, nematicides, proteins,
nemastatic compounds, inhibition of feeding cell
formation and development, and inhibiting the
movement of plant-parasitic nematodes.

Production of Nemastatic

compounds
Inhibiting of PPN
[ migration

NATURAL PLANT

DEFENSE AGAINST PPN

Nematicides production

o

Production of Repellents

Inhibition of feeding cell
formation and
development

-

Hormones

Fig. 1. A schematic summary of plant mechanisms against plant parasitic nematodes
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3. MAJOR PROGRESS ON
APPLICATIONS OF PLANT
EXTRACTS

Research shows that plants produce

approximately 200,000 volatile organic

compounds [1] that exhibit various functions
within a plant or to the external environment.
Some of these compounds can only have
paralyzing effects on nematodes, while others
cause the death of nematodes [1]. For example,
root metabolites have chemical compounds that
act as nematode attractants, repellents, or
hatching stimulants of inhibitors [28].

To control Meloidogyne incognita nematodes, a
study was conducted to evaluate the effect of
plant volatile organic compounds produced by
Brassica juncea, Azadirachta indica, Canavalia
ensiformis, Mucuna pruriens, and Cajanus cajan.
The results found out that volatile organic
compounds of extracts from Azadirachta indica
and Brassica juncea crops were effective at
restricing nematode second stage juveniles’
movement, reduced gall formation, and
reproduction. Among the mechanisms for volatile
organic compounds, nematocidal activities were
detected by the presence of alcohols, esters, and
sulfur-containing compounds especially
isothiocyanates [29]. Da Silva et al., [20] found
that extracts from Cymbopogon nardus L. Piper
nigrum L., Brassica oleracea L., and Bertholletia
excelsa Bonpl were able to decrease second-
stage juveniles’ mobility completely and reduced
egg hatching by the nematodes up to 47%
compared with the control treatment. The results
indicated the presence of volatile organic
compounds in the extract that was toxic to eggs
and second-stage juveniles, which are crucial
development stages of root-knot nematode.

Another research investigated the nematocidal
activity of three mint species aqueous extracts
against root-knot Meloidogyne inconita. After
conducting phytochemical analysis, the results
showed the abundance of terpenes such as
menthone, menthol, isomenthione, carvone,
chlorogenic acid, rosmaric acid, salvianolic acid
B, and luteolin-7-O-rutinoside that had high
nematocidal activities against the root-knot
nematode [30]. Furthermore, Julio Carlos P.
Silva et al.,, [18] assessed volatile organic
compounds in vitro and biofumigants produced
from macerates of broccoli shoots and sunflower
seed. The research found out that volatile
organic compounds from sunflower seed caused
more deaths of the second-stage juveniles, and
both extracts were found to reduce the
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reproduction, galls formed, eggs produced,
immobility of second-stage juveniles, and
infectivity of root-knot nematodes. Chemical

analysis found that the extracts had alcohols,
sulfurated volatile organic compounds, and
terpenes that were toxic to root-knot nematode
Meloidogyne inconita. These are just few
examples of application and efficacy of plant
extracts in management of plant parasitic
nematodes. However, there are several studies
that have been done and several other are
underway to find the best alternative for the
synthetic nematicides [31,32].

4. INDUSTRIAL FORMULATIONS OF
PLANT EXTRACT FOR PPN
MANAGEMENT

In search of bioactive compounds with
nematocidal components, various industrial
formulations of plant extracts from a wide range
of plants have been evaluated for their efficiency
in managing plant-parasitic nematodes [17]. For
instance, an oil extract from the Thyme plant has
been used to make Promax which is used as a
protective and curative soil fungicide and
nematicide for controlling nematodes and soil-
borne diseases. This marked another milestone
in ensuring safety regarding the control of plant-
parasitic nematodes and the physical and
economic damage that they cause to crops and
the whole environment [33].

The need to use less toxic and environmentally
acceptable alternatives for commercial chemical
synthetic nematicides is opening up new
opportunities to explore the use of bio-rational
products that are botanicals and nematocidal
active [17]. Soil organic amendments help to
control plant-parasitic nematodes and soil-borne
diseases, improving soil physical and chemical
properties and restricting the use of synthetic
nematicides [34]. These soil amendments
include compost manure, animal and green
manure, nematocidal plants, and proteinoids
wastes [35] and can release allelochemicals that
are of high importance to suppress plant-
parasitic nematodes. Various mechanisms
displayed by the soil amendments of organic in
nature include generation of nematocidal
compounds such as ammonia and fatty acids
during degradation, changes in soil physiology
that are unsuitable for nematode behavior,
increase in plant tolerance and resistance; and
release of pre-existing nematocidal compounds
in soil amendments [35]. Other plants secrete
organic compounds while growing thus rendering
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the soil environment unsuitable for plant-parasitic
nematodes. For example use of neem products
and pyrethroids have been characterized as the
more effective botanical source of natural oils,
pheromones, and volatiles that act as
mechanisms to suppress the presence of plant
pests, pathogens, and plant-parasitic nematodes
[36,37].

5. CHALLENGES AND OPPORTUNITIES

The use of volatile organic compounds has been
reported to have phytotoxic in some studies. For
example, volatile organic compounds produced
by salvia leucophylla reduced cell elongation and
cell division in radicals and hypocotyl of a
germinating Cucumis sativus. In addition, volatile
organic compounds also inhibited the growth of
soil bacteria [38] that are crucial in plant growth
and development. In another study, the
decomposition of residues and dead leaves
releases fourteen volatile organic compounds
into the soil water around Eucalyptus urophylla.
The volatile organic compounds constitute 1,8-
cineole and terpinene-4-ol that inhibited the
germination of cereal seeds [39]. Research
conducted by Ogura et al., [40] shows that bio-
compounds that were secreted by P. expansum
completely inhibited the germination of
Brassicaceae. Based on these research studies,
it is necessary that thorough investigation need
be conducted before using microbes, botanicals,
and any bioproducts so that the intended
purpose has been achieved. This provides a
major research opportunity to explore various bio
compounds that would otherwise enhance the
use of plant extracts in the sustainable
management of plant-parasitic nematodes.

While plant hormones are very crucial to plant
immunity, some cyst nematodes and root-knot
nematodes need auxins and cytokinin for the
formation of feeding sites and secrete chorismite
mutase into the plant that decreases proteinase
inhibitors and other jasmonate-induced defense
molecules [41,42]. Furthermore, analysis of
whole genomes of most of the plant-parasitic
nematodes has found parasitism genes that are
responsible for the presence of proteins that
mimic plant hormones [43]. This makes plant-
parasitic nematodes suppress plant defense and
parasitize the plant. However, the availability of
other hormones, plant metabolites, and induced
systemic resistance strength surpass the
strength of nematodes pathogenicity in many
plants.
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Plant extracts are of high value in protecting
plants against PPN and that plant metabolites
and hormone production enhance the plant
resistance against PPN. Therefore, this
background provides a need to do further
research on major plant extracts and the
potential molecular mechanisms responsible for
the accumulation of hormones and other
biological compounds  to  further  our
understanding the on role each of them plays in
enhancing plant immunity and suppression of
plant parasitic nematodes.

6. CONCLUSION

So far, several management practices have been
implemented to minimize plant parasitic
nematodes impact on food and economic losses.
Some of these ways have been underutilized
including the use of plant extracts in the
management of plant-parasitic nematodes.
Therefore, this minireview is of significance to
enhance our understanding on plant immunity in
relationship with plant extracts and plant parasitic
nematodes. This review would also help
researchers and plant growers to maximize the
use of plant extracts in the management of plant-
parasitic  nematodes  thereby increasing
environmentally friendly agriculture. However, no
method is superior to completely eliminate plant
parasitic nematode. Therefore, to enhance the
plant resistance, and minimize the damage
caused by the parasitic nematodes in plants,
there is a need for more research on various
prevention and control methods. The minireview
is also recommending that various prevention
and control methods be incorporated together, a
method known as the sustainable integrated
management of plant-parasitic nematodes.
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