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Abstract. Phylum Nematoda is one of the most abundant group of metazoans. Root-knot nematodes
(Meloidogyne spp.) pose a risk to agricultural crops in the world. The Meloidogyne genus comprises
about 100 species and their host range includes more than 3000 plant species. Meloidogyne incognita is
one of the most predominant species of this genus damaging a variety of field crops and vegetables. It is
very difficult for farmers to diagnose its symptoms due to similarities with nutritional deficiencies.
However to overcome this issue, the literature review of researches on the identification, classification,
life cycle, symptoms, economic impact and management strategies of M. incognita was planned. The
literature review provides an overview and useful information regarding decisions about management of
this nematode species in the future.
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Introduction

Phylum “Nematoda” is an abundant collection of metazoan on earth (Ahmed et al.,
2016; Kergunteuil et al., 2016). Nematodes are common, extensively distributed and
well adaptable group of organism that directly impact economy due to massive losses to
crops. Nematodes covered about 90% of all multicellular organisms (Cetintas et al.,
2017). Nematodes are usually rounded in cross-section, both ends tapering and
elongated in shape. They are heterosexual and possess all systems of higher organisms
excluding the circulatory or respiratory systems. They are parasites of animals, insects,
humans, and plants. Some of them feed upon decaying matters, bacteria and on other
micro-organisms.

Plant parasitic nematodes caused lesions in plants and produced secondary infection
in them by facilitating other organisms such as fungus, bacteria and viruses (Smant et
al., 2018). However, damage caused by nematodes is frequently not easy to differentiate
from other reasons because of their microscopic size. They are usually live in soil, roots
and in leaves and cause enormous threat to agriculture, about upto US $ 157 billion
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annual losses (Youssef et al., 2013). Some of them are migratory in nature whereas
others are sedentary (Kihika et al., 2017; Palomares-Rius et al., 2017).

The most destructive nematodes genera are Heterodera; Meloidogyne; Rotylenchulus;
Helicotylenchus; Tylenchorhynchus; Pratylenchus; Ditylenchus; Xiphinema; Longidorus.
Most of plant parasitic nematodes belong to order Tylenchida while Xiphinema and
Longidorus belong to order Dorylaimida. They caused extensive losses to the crops
because a number of them are vectors of some viruses (Lizanne and Pai, 2014).

Meloidogyne genus is one of the most destructive pathogen (Kamran et al., 2014;
Xiang et al., 2017). They are economically important parasites and one of the most
damaging pests of vegetables and others crops (Anwar and McKenry, 2010; Kamran et
al., 2012; Castagnone-Sereno et al., 2013). They are cosmopolitan and recorded from
Africa, Asia, Caribbean, Central, North and South America, Europe and Oceania. They
are obligate parasites of woody plants, monocotyledonous and dicotyledonous herbaceous
plants. This genus has approximately 100 species while four major species are M.
arenaria; M. hepla; M. incognita and M. javanica (Hunt and Handoo, 2009; Lunt et al.,
2014).

The major four species of Root-knot nematodes (RKN) are present in People’s
Republic of China but M. incognita is one of the most predominant (Dong et al., 2014).
It has wide host range and cause dramatic yield loss in China (Naranjo and Ellsworth,
2001; Shun-xiang et al., 2001). It directly and indirectly damages the crop like toppling,
loss of yield, poor quality, delay in maturity and also causes losses of economic
importance etc. (Yan et al., 2011; Onkendi et al., 2014).

They have been controlled by synthetic chemicals but pose risks to soil environment,
costly, highly toxic. Some of them are a carcinogenic agent, that’s why most nematicide
chemicals have been withdrawn from market for example methyl bromide, ethylene
dibromide (EDB) and dibromochloropropane (Onkendi et al., 2014; Nicol et al., 2011).
Nowadays scientists are mainly focused on crop rotation, plant resistance, bio-control
and cultural practices to overcome this problematic issue (Chitwood, 2002). Bio-control
is safe and eco-friendly in application compared to chemicals because it has no residual
effects on food (Cetintas et al., 2018).

Identification of Meloidogyne incognita

For identification of M. incognita mostly morphological, molecular and isoenzymatic
characters are used. Morphological study of perineal patterns of female has been most
commonly used characcter for the identification. Whereas, sometimes morphological
characters of different species overlap with each other that is why molecular identification
is used for accurate diagnosis. Different methods have been employed for molecular
identification like DNA Marker; ribosomal Large Subunits (LSU) D2/D3 expansion
segments (Rius et al., 2007), Small Subunits (SSL) (Powers, 2004), Mitochondrial DNA
(Xu et al., 2004; Jeyaprakash et al., 2006) , intergenic spacer (IGS) (Wishart et al., 2002),
Random amplified polymorphic DNA (RAPD) (Adam et al., 2007), internal transcribe
spacers (ITS) (Skantar et al., 2008) and Sequence-Characterized-Amplified Regions
(SCAR) (Randig et al., 2002). Isoenzyme phenotyping is based upon relative mobility of
enzymes extracted from mature females of M. incognita on gel electrophoresis (Cunha et
al., 2018). Morphological, molecular and biochemical data should be combined to
improve the determination and reliability of diagnosis.
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Life cycle of Meloidogyne incognita

The life cycle of M. incognita consists of five different stages; egg, J2, J3, J4 and
adults (Figure 1). The female present in plant roots laid eggs, that developed into J2
juveniles. Hatching of eggs are temperature driven usually without requiring any
stimulus from plants (Karssen et al., 2013). J2 infecting host roots and complete further
developmental stages on feeding sites however J3 and J4 juveniles have sedentary
nature and J4 molt into female or male adult. After fertilization females remained in
plant roots and produced egg masses. Usually females reproduce through mitotic
parthenogenesis (Hussey and Janssen, 2002).

Infected juveniles

(J2) enter into roots Second stage

and forming “Galls” 7 juveniles (J2)

or “Giant-Cells” develop into third
stage juveniles (J3)

First stage
juveniles (J1)
molts within
egg

Third stage
juveniles (J3)
develop into
fourth stage
juveniles (J4)

Eggs are exuded
into the egg mass
on the outside of
the adult female

Fourth stage juveniles
(J4)molt into female
or male adult.

Figure 1. Life cycle of Meloidogyne incognita

Symptoms produced by Meloidogyne incognita

Plants infected by M. incognita showed nutritional deficiency i.e. yellowing of
leaves, stunted growth, wilting and plant death (Priya et al., 2011). The farmers did not
diagnose its damage due to similarities with nutritional deficiencies like chlorosis (Zeng
et al., 2018; Ye et al., 2015). It developed the gall or swelling and cell expansion in
roots of infected plant. Infected roots showed bushier and shorter length compared with
healthy roots (Miyashita et al., 2014; Ma et al., 2013). The host range of root knot
nematodes included more than 3000 plant species (Abdellatif et al., 2016). That’s why it
is difficult to find any common crop which was not parasitized by it (Castagnone-
Sereno et al., 2013). They directly feed upon plants and cause the lesion in it which
helps secondary pathogens such as pathogenic bacteria, fungus and viruses that cause
secondary infections (Smant et al., 2018; Palomares-Rius et al., 2017).
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Management strategies

The main objective of controlling M. incognita in soil is to secure crops from its
attack to obtain maximum yield (Norshie et al., 2011). Different approaches have been
implemented to control M. incognita such as chemical control, biological control,
cultural control and use of resistant cultivars.

Chemical control

Nematicides are the most effective method to control the Meloidogyne spp. but they
contain active components of Aldi-carb (Temik), methyl bromide and some other
compounds which are prohibited. Chemical nematicides contain usually harmful agents
which severely damage the ecosystem (Onkendi et al., 2014). Nematicides can reduced
the high populations of root knot nematodes but unable to eliminate completely and
accumulate in plant tissues (Sirias, 2011). Chemical nematicides are grouped into non-
fumigant and fumigant and non-fumigant depend upon their volatility in soil. The first
commerical non- fumigant active integredient was O-2,4-dichlorophenyl O,O-diethyl
phosphorothioate (Taylor, 2003). A few non-fumigant nematicidal active integredients are
ethoprop, fluazaindolizine, fluensulfone, fluopyram, oxamyl, spirotetramata and terbufos
(Wram and Zasada, 2019; Hajihassani et al., 2019; Giannakou and Panopoulou, 2019).
Chemical fumigant type nematicides are highly effective in controlling root-knot
nematodes. Some common nematicidal active integredients of fumigants are allyl
isothiocyanate, chloropicrin, dimethyl disulfide, metam potassium, metam sodium and 1,3
dichloropropene (1,3-D) (Desaeger et al., 2017; Sikora and Roberts, 2018). They are very
toxic for animals and human beings because its residues may be present in food chain
(Walters and Heil, 2007).

Biological control

Biological control is usually safer than chemical. Fungi belong to genera
Acremonium, Chaetomium, Paecilomyces and Trichoderma have been known as
antagonistic to plant parasitic nematodes (Govinden-Soulange and Levantard, 2008;
Sharon et al., 2009). Colonization of these genera of fungus showed that seedling on
cucumber was very low because they suppressed plant parasitic nematodes before
penetration into host (Kiewnick and Sikora, 2006). Saprophytic fungi demonstrated to
reduce rate of penetration of root knot nematodes in tomato roots (Dababat and Sikora,
2007). Obligate symbiotic arbiscular mycorrhizal fungi can alter the finding host
behavior in Meloidogyne spp. (Reimann et al., 2008). Roots colonization by Fusarium
oxysporum led to accumulation of root that showed repelling effect on M. incognita in
tomato (Selim, 2010). Nonpathogenic Fusarium strains were capable in reducing M.
incognita on tomato (Terra et al., 2018). Certain endophytes can be used as controlling
nematodes (Zabalgogeazcoa, 2008). Penicillium chrysogenum is one of the most
important fungi to control M. incognita (Yao et al., 2014). However level of inoculums
can be reduced by seed treatment (Athman, 2006). (Dababat and Sikora, 2007) reported
that systemic resistance against M. incognita was induced by changing chemical
composition through nonpathogenic Fusarium Fo0162. Arbuscular mycorrhizal (AM)
fungi reduced severity of diseases in plants due to plant parasitic nematodes (Akkoprii
and Demir, 2005). Different mutualistic endophytes were used as antagonists against
plant parasitic nematodes. Microorganisms such as fungi and rhizobacteria show
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efficiency to control Meloidogyne spp. (Vos et al., 2013). The endophytic bacteria
reduce root-knot nematodes penetration in plants (Padgham and Sikora, 2007).

Cultural control

The use and development of resistant crop cultivars and the use of cleaning of farm
implements, intercropping, clean planting materials and crop rotation showed influence
on cultural practices (Briar et al., 2016). Heat solarization and treatment of the soil
before cultivation of seed played role for controlling Meloidogyne incognita (loannou,
2000). Egg infectivity of M. incognita can be reduced through solarization of soil for 3
weeks (Nicol et al., 2011).

Resistant cultivars

Several studies are going on throughout the world to extend the crops with resistance
against root knot nematodes (Norshie et al., 2011). Resistance gene Rmc-1 located on
chromosome 11 of wild potato was found resistant against Meloidogyne spp. (Brown et
al., 2006). In isogenic tomato cultivars resistance gene Mi-1.2 confers best for huge
nematode pressure (200,000 eggs/plant) (Corbett et al., 2011). The Me and N genes
from pepper and the Mi2 through Mi8 genes from Lycopersicon identified against root
knot nematodes (Mitkowski and Abawi, 2003). Some crops have been rendered
susceptible with entering resistance breaking Meloidogyne spp. (Brown et al., 2009;
Kiewnick et al., 2009).

Mode of reduction of Meloidogyne incognita

Four possible mode of action can reduce the M. incognita (i) inhibition (ii)
development of antagonistic microbiota (iii) altered or enhanced plant growth, nutrition
and morphology (iv) induced resistance (Whipps, 2004). Resistance is a safer and
economically more important method than other disease controlling strategies (cultural
or chemical control) due to its environmental friendly nature and disease controlling
potential (Ibrahim et al., 2016).

Induced resistance

Induced resistance can be defined as a development of defensive capacity of plant
against broad-spectrum of pests and pathogens that are attained after appropriate
stimulation. The resulting evaluated resistance due to inducer upon infection or disease
by a pathogen or pest is called systemic acquired resistance (SAR) or induced systemic
resistance (ISR) (Ramamoorthy et al., 2001). The resistance in Nematology can be
defined as the ability of a plant to inhibit the reproduction of nematode species relative
to reproduction on plant lacking such resistance. There is a great potential in managing
M. incognita because it is economically highly effective (Starr and Roberts, 2004). At
least two forms of induced resistance, induced systemic resistance (ISR) and Systemic
acquired resistance (SAR) have similar phenomenon responses but involve different
pathways (Vallad and Goodman, 2004). The downstream components are similar but
upstream components are usually different, mainly involving the ethylene (Et) or
jasmonic acid (JA) pathways for induced systemic resistance and Salicylic acid (SA) for
systemic acquired resistance (Pieterse and Van Loon, 2007). Systemic acquired
resistance is usually triggered by local infections and disease, provides long-lasting
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systemic resistance to successive pathogen or pest attack, and it is associated with PR
genes activation and requires involvement of signaling molecules such as salicylic acid
(Shoresh et al., 2010).

Induced resistance may be local or systemic. Local induced resistance response is
local whereas systemic induced resistance is induced in a part of the plant that is
separated spatially from the point of induction. When protection from disease is specific
to a plant region which is treated with inducing agents is called local induced resistance.
Whereas systemic induced resistance occurs when the plant is protected systemically
due to the application of inducers to a single part of the plant. Induced systemic
resistance is not neccessarily confined to roots only (Vos et al., 2012), its extension
towards aerial parts of plant seems possible (Fritz et al., 2006). Plant immune system
proposes two pathogen induced defense responses such as effector-triggered immunity
(ETI) and pattern-triggered immunity (PTI) (Shukla et al., 2018).

Inducers

Plant resistance against nematodes could be successfully induced by the application
of different biotic and abiotic inducers resulting in broad-spectrum responses (Nikoo et
al., 2014). These agents involve jasmonic acid (JA) and salicylic acid (SA) as key
signaling molecules (Pieterse et al., 2012). Induced disease resistance is the process of
an active resistance which depends upon host’s barriers, activated by abiotic or biotic
agents called elicitors (Fatma et al., 2014).

Abiotic inducer

Chemical defense activators can efficiently protect the crops against pests and
pathogens such as M. incognita but they are rarely used in practice due to various
reasons such as chemical induced resistance slowing down the progression of disease
rather than completely eliminating it (Walters and Heil, 2007). Whereas when these
chemicals applied in higher concentration negative effects are imposed on seed, plant
growth and vigor (van Hulten et al., 2006). Chemicals can adversly affect the plant
growth promoting microorganisms (de Roman et al., 2011).

Biotic inducer

Microorganisms such as fungi and rhizobacteria are efficient to control Meloidogyne
spp. (Vos et al., 2013). These microorganisms are able to induce resistance through
activation of jasmonic acid, salicylic acid and ethylene pathways which promote the
production of PR proteins, reactive oxygen species and phenolic compounds (Hao et al.,
2012). Fungi have the potential to induce resistance against M. incognita (Mascarin and
Junior, 2012). Trichoderma harzianum have the ability to increase enzymatic activities
against root-knot nematodes (Naserinasab et al., 2011). It has been reported that T.
harzianum induces resistance against M. incognita in tomato (Harman et al., 2004)
adopts priming of JA and SA related defense responses according to the stages of
nematode (de Medeirosa et al., 2015; Martinez-Medina et al., 2017). Non-pathogenic
Fusarium oxysporum changed the chemical composition of root exudates so it reduced
invasion and attraction of M. incognita and thus induced systemic resistance in plants
(Dababat and Sikora, 2007). Induced systemic resistance by plant growth promoting
rhizobacteria (PGPR) has been successfully achieved in large number of agricultural
crops including cucumber, potato, Arabidopsis, tomato, chili, sugarcane, rice, mango
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and carnation against broad-spectrum of pathogens including bacteria, viruses, fungi
and nematodes etc. (Reddy, 2012; Alizadeh et al., 2013).

Seed coating

Seed coating with resistance biotic inducing agents efficiently protected the plants
against pathogens and pests (Paudel et al., 2014; Worrall et al., 2012). It is a common
technique to improve seed germination and conservation while protecting the emerging
seedling against pathogens (Govinden-Soulange and Levantard, 2008). Fermentation
liquid of Penicillium chrysogenum induced resistance to M. incognita in Solanum
lycopersicm and Cucumis sativus (Yao et al., 2014; Sikandar et al., 2019).

Conclusion

It is concluded that M. incognita is a great risk to agriculture because its above
ground symptoms are usually similar with nutrition deficiencies. Although, chemical
control is effective they contain harmful agents that rigorously damage any ecosystem.
However, biological control and induced resistance in crop plants are safer strategies
because of their eco-friendly nature. Thus, it is recommended to adopt biological
control strategies rather than utilizing synthetic chemical agents.
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