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GENERAL INTRODUCTION 

What are the nematodes? 

Nematodes are belongs to animal kingdom, they are triploblastic, unsegmented, bilateral 

symmetrical, pseudocoelomateandhaving well developed reproductive, nervous, excretoryand 

digestive system where as the circulatory and respiratory systems are absent but govern by the 

pseudocoelomic fluid.  

.  

Plant Nematology: Nematology is a science deals with the study of morphology, taxonomy, 

classification, biology, symptomatology and management of {plant pathogenic} nematode (PPN).  

The word nematode is made up of two Greek words, Nema means thread like and eidos means form.  

 

 The words Nematodes is derived from Greek words ‘Nema+oides’ meaning „Thread + 

form‟(thread like organism ) therefore, they also called threadworms. They are also known as 

roundworms because nematode body tubular is shape. The movement (serpentine) of nematodes like 

eel (marine fish), so also called them eelworm in U.K. and Nema in U.S.A. Roundworms by 

Zoologist 

 Nematodes are a diverse group of organisms, which are found in many different 

environments. Approximately 50% of known nematode species are marine, 25% are free-living 

species found in soil or freshwater, 15% are parasites of animals, and 10% of known nematode 

species are parasites of plants (see figure at left). 

 

 
 
The study of nematodes has traditionally been viewed as three separate disciplines:  

(1) Helminthology dealing with the study of nematodes and other worms parasitic in vertebrates 

(mainly those of importance to human and veterinary medicine). 

(2) Marine nematology dealing with the study of marine nematode. 

https://smartsite.ucdavis.edu/access/content/user/00002950/courses/intro/draconema.gif


3 
 

(3) Nematology dealing with the study of nematode parasites of plants and invertebrates and "free-

living" nematodes (those living in soil or water and feeding on bacteria, fungi, decaying organic 

matter, other nematodes, microscopic invertebrates, etc.). 
Nematology is an important branch of biological science, which deals with a complex, diverse group 

of round worms known as Nematodes that occur worldwide in essentially all environments. 

Nematodes are also known as eelworms in Europe, nemas in the United States and round worms by 
zoologists. Many species are important parasites of plants and animals, whereas others are beneficial 

to agriculture and the environment.  

On the basis of nematode habitats and diversity, they can be grouped into 2 categories. 

Parasitic Free living 

Human : Ascaris, Enterobius, Wucheraria, 

Onchocerca, Ancylostoma, Dracunculus 

Marine:Chaetostoma, Chromodora, Deontostoma 

Other vertebrates : Trichuris, Dioctophyma, Freshwater and Soil Plectus,Dorylaimus, 

Mononchus 

Invertebrates : Mermis(Grasshoppers) 

Romanomermisculicivorax(Mosquitoes )  

EPNs (SteinernemaandHeterorhabditis) 

Bacterial feeder soil nematodes:  

Caenorhabditis elegans, C. briggsae 

Plants: Anguina, Meloidogyne, Heterodera etc Panagrellusredivivus(biological indicators) 

 

General characteristics of the Plant Parasitic Nematodes  

• Nearly microscopic  

• Unsegmented  

 Posses a stylet, Colourless 

• Wormlike in appearance (pseudoworm)  

• Highly developed pseudo-coelomates  

• Bilaterally symmetrical invertebrates; with a body cavity or vacuoles (pseudocoelom?)  

• Triptoblstic, tapering at both end, cylenderical 

• Only plant parasites (other than Protozoa) belonging to the animal kingdom  

• Obligate parasite 

• The basic difference between PPN and other are that the PPN have well developed Stylet for the 

penetration of the host and feeding sap of the plant.  

• Parasites of animals (humans, vertebrates, invertebrates) and plants.  

They Posses  

•     Stylet or spear bearing 

• a complete digestive system (mouth, intestine, anus)  

• A tri-radiate pharynx  

• A circumpharyngeal nerve ring and a well developed nervous system  

• Four sets of longitudinal muscles separated by epidermal (hypodermal?) cords  

• One or two tubular gonads, which open through vulva in female and into the rectum in male  

Movement  

 They are moved by Sinusoidal movements facilitated by contraction of the longitudinal muscles 

against the elastic cuticle made rigid by the high hydrostatic pressure of the body fluids - a hydrostatic 

skeleton . 

Significance  

• They can cause significant plant damage ranging from negligible injury to total destruction of plant 

material  

• Majority of these parasites feed on underground parts of plants  
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They lack  

• Specialized respiratory and circulatory systems are absent.  

 

Economic Importance of Plant Parasitic Nematodes 

  Nematodes are ubiquitous, present in all moist to watery ecological niches in diverse 

situations like cold oceans, hot springs, mountain peaks, soil ecosystem, plants as well as 

animals.  

 Phytoparasitic forms comprise about 10% of all the forms of nematodes that exist in various 

habitats and have different feeding behaviours. 

 Phyto-nematodes parasitize all types of plants - from algae to plants and trees and damage to 

world food crops as well as tree crops, turf and ornamentals.  

 There are about 6000 known species of phyto-parasitic nematodes belonging to 197 genera.  

 Being obligate parasites, they must draw their nutrition from plant hosts and infect the plants.  

 A handful of soil from around the roots of any plant would yield hundreds of plant parasitic 

nematodes belonging to at least 4-5 genera.  

  One gram of coconut root may contain about 4000 eggs, juveniles and adults of burrowing 

nematode or about 5000 individuals of coconut ring nematode. 

  Single acre of arable land contain  3 x 10
9
 nematodes 

  Marine beach sand contain 15 x 10
8 
nematodes/acre 

  Single wheat gall: Max. 1,00,000 nematodes 

  Besides this direct damage, they also associate with bacteria, fungi and viruses to cause 

complex diseases. 

 In the world 12.3 % yield losses was observed due to different nematodes, in developing 

countries it was 14.6 %, whereas in developed countries it was  8.8 %.  

 The losses due to cereal cyst nematode cause Molya disease of wheat and barley was 32 

million rupees in Rajasthan, Punjab, Hariyana and Himachal Pradesh, whereas 25 million 

rupees losses was reported only in Rajasthan state alone. 

 Seed gall nematode, Anguina tritici(causing „Ear cockle of wheat when alone and „Tundu 

disease‟ when in combination with bacterium) was estimated to be Rs. 70 million in wheat 

only in North India. 

 Pratylenchus coffeaein an area of about 1,000 ha in Karnataka was estimated to be Rs. 25 

million is assessed in coffee due to.  

 Beneficial nematodes 

 In addition to the harmful plant parasitic forms, there are groups of nematodes which are 

beneficial as they parasitize the harmful insects and thus can be exploited as biological 

control agents against these pests.The entomopathogenic nematodes Steinernema and 

Heterorhabditisspp.and slug parasitic nematode Phasmarhabditis hermaphroditain a mutual 
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association with bacteria have proved to be successful biocontrol agents and are now being 

commercially produced in many countries.  

 

 

 

NO. CROP NEMATODE YIELD LOSS, % 

1 Bidi Tobacco Root-knot nematodes.M. incognita&M. javanica 51.0,50.0  

2 Brinjal Root-knot nematodes.M. incognita 26.2--50.0 

3 Castor Reniform nematode, Rotylenchulusreniformis 33.0 

4 Chickpea Root-knot nematodes,Meloidogyne spp. 84.0 

5 Chilly Root-knot nematodes.M. incognita 28.0 

6 Cotton Reniform nematode, Rotylenchulusreniformis 8.0-15.0 

7 Cowpea Root-knot nematodes,Meloidogyne spp. 30.3-71.3 

8 Fennel Root-knot nematodes,Meloidogyne javanica patho.-2 28.1 

9 Ginger Root-knot nematodes,Meloidogyne spp. 51.2 

10 Groundnut  Root-knot nematodes,Meloidogyne javanica patho.-2 35.0, 59.4  

11 Mung bean  Root-knot nematodes, Meloidogyne spp. 

Reniform nematode, Rotylenchulus reniformis 

7.5-65.0 

18.0-21.0 

12 Mushroom Aphelenchoides spp 40.6-100 

13 Pigeon pea Pigeon pea cyst nematode, (H.cajani) 

Root-knot nematodes,Meloidogyne spp.  

46.0 

25-31 

14 Rice Rice root nematode, (H. oryzae) 

Rice cyst nematode, (H. oryzicola) 

4.3-53.5 

7.9-26.8 

15 Sunflower Root-knot nematodes. M. incognita 38-84.0 

16 Tomato Root-knot nematodes. M. incognita 28-47 

17 Turmeric Root-knot nematodes. M. incognita 31.3 

18 Wheat Root-knot nematodes. M. incognita 32.9 

19 Citrus Root-knot nematodes, Meloidogyne spp. 14.2 

20 Banana Root-knot nematodes, Meloidogyne spp. 19.2 
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Range of size  

• From <100 μm (Greeffiella minutum - marine) to >8 m (Placentonema gigatissima - parasite of the 

spermaceti whale).  

Fossil evidence  

• The fossil record of nematodes is at the least sparse. There are traces of what may be nematodes in 

Chinese Precambrian layers (>670 Myr), but few are older than 50 million years and none are old 

enough to give information regarding the origin of specific nematode groups.  

Types of nematodes on the basis of feeding habit and motility  

– Ectoparasitic nematodes  

 
• Migratory Ectoparasite  

• Sedentary Ectoparasite  

 

– Semi endoparasitic nematodes  

– Endoparasitic nematodes  

• Migratory Endoparasite  

• Sedentary Endoparasite  

1. Ectoparasitic nematodes: These nematode live freely in the soil and move closely or on the root 

surface, feed intermittently on the epidermis and root hairs near the root tip. Generally does not pose 

much problem. Some ectoparasite transmit plant viruses dagger (Xiphinema spp.,), Needle 

(Longiderous spp.) and stunt nematode (Trichodorous and Paratrichodorous spp)  

A. Migraotory ectoparasite: These nematodes spend their entire life cycle free in the soil . When the 

roots are disturbed they detach themselves. Examples: Criconemoides spp. Paratylenchus spp., and 

Trichodorus sp., etc.  

B. Sedentary ectoparasites: In this type of parasitism, the attachment of nematode to the root system 

is permanent otherwise they spent are like migratory ectoparasite. Examples are Hemicycliphora 

arenaria and Cacopaurus pestis etc.  

2. Semi – endoparasitic nematodes: The anterior part of the nematode, head and neck being 

permanently fixed in the cortex and the posterior part extents free into the soil. Example : 

Rotylenchulus renifomis and Tylenchulus semipenetrans.  

3. Endoparasitic nematodes: The entire nematode or major portion of their body is found inside the 

root.  
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A. Migratory endoparasite: These nematodes move in the cortical parenchyma of host root. While 

migrating they feed on cells, multiply and cause necrotic lesions. Examples arae Hirschmanniella 

spp., Pratylenchus spp and Radopholus similes  

B. Sedentary endoparasite: The second stage larvae penetrate the rootlets and become sedentary 

throughout the life cycle, inside the root cortex. Examples: Heterodera spp and Meloidogyne spp.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

 

Genera of the most common PPN (Common and Scientific name) 

 

Awl nematode Dolichodorus spp 

Cyst nematode Globodera spp. and Heterodera spp. 

Dagger nematode Xiphinema spp. 

Foliar nematode Aphelechoides spp. 

Lance nematode Hoplolaimus spp 

Lesion nematode Pratylenchus spp. 

Needle nematode Longidorus spp 

Pin nematode Paratylenchus spp. 

Reniform nematode Rotylenchulus renifomis 

Ring nematode Criconemella spp. 

Root – knot nematode Meloidogyne spp. 

Sheath nematode Hemicycliophora spp. 

Spiral nematode Helicotylenchus spp 

Sting nematode Belonolaimus  spp. 

Stubby – root nematode Paratrichodorus spp and Trichodorus spp. 

Stunt nematode Tylenchorhynchus spp. 

Stem and bulb nematode           Ditylenchus sp. 

White tip nematode                    Aphelenchoid besseyi 

Seed gall nematode                      Anguina tritici 

False root gall nematode              Nacobbus batatiformis  

Potato Golden cyst nematode                  Globodera rostochinensis 

Red ring disease on coconut  -        Rhadinaphelenchus cocophilus. 

Chrysanthemum foliar nematodes    A. ritzembasoi. 

Pigeon pea cyst nematode -                    Heterodera cajani 

Wheat cyst by                                         Heterodera  avenae 

Citrus nematode                                    Tylenchulus semipenetrans 

Burrowing nematode                                        Radopholus similis 

Rice root nematode                                               Hirschmaniella sp 

Ufra disease of rice                                               D. angustus 
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TYPICAL STRUCTURE OF PLANT PARASITIC NEMATODE 

 

Body Shape 

 Nematode body shape is typically vermiform, thread-like and tubular, tapering towards both 

anterior as well as posterior ends and having maximum diameter near mid body. 

 The plant parasitic nematodes are slender, spindle shaped or fusiform organisms and circular 

in cross section.  

 Sexual dimorphism occurs in few species.  

Some exceptions in shape: 

 

1. Filiform – More elongated towards the body 

extremities  
e.g. Xiphinema, Longidorus, Paralongidorus 

 

 

 

 2. Sausage shaped or plump- When body length is reduced but breadth remains same giving 

a plump look. e.g. Criconematids group. 

Fig.Xiphinema SP. 
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3. Pyriform or flask shaped - Females of certain Genera swell to acquire saccate, pear shape or 

flask like structure.  e.g. Females of Meloidogynespp.andHeterodera cysts. 

 

 

 

4. Kidney shaped or Reniform- eg. Rotylenchulus reniformis 

 

 

 Morphological differentiation between the genders of same species is referred as sexual 

dimorphism.  

 Male and females look alike (similar) in most of the nematode species. Males being smaller 

than females.  

 Sausage shaped

       Meloidogyne         Heterodera

Rotylenchulus reniformis            Tylenchulus semipenetrans 
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 In certain cases (sedentary endoparasites/ semi-endoparasites), the females may deviate from 

the normal cylindrical form and acquire a typical shapes (swollen, saccate, lemon-shaped, 

reniform) upon maturity, where as males remain vermiform.  

 Such a morphological dissimilarity in the general shapes of males and females within a 

species is known as Sexual dimorphism. 

 Sexual dimorphism has been observed in number of genera of order Tylenchida. 

  The females on maturity assume pear shape in Meloidogyne, globular shape in Globodera, 

reniform/kidney shape in Rotylenchulus reniformisor saccate in Tylenchulus semipenetrans.  

 The swelling of female nematodes increases the reproductive potential of the organism. 

 

Male and female of Meloidogyne sp. Sexual dimorphism in PPN 

 

History and Development of Nematology 

Pre-1850 

  Vedas are the earliest religious scriptures in the human history. There are occasional 

references to nematode parasites of human beings by the name Krmin or Krmi in Sanskrit 

(meaning worms) in Rig, Yajur and Atharvavedas written 6000-4000 BC. The vedic people 

were aware about the krimis, their symptoms, vectors, and their cure. Later, when indigenous 

medical science Ayurveda developed following Atharvveda (3000 BC and later),  

 Charak recognized 20 different organsims as krimis in his Samhita, which included 

nematodes besides arthropods and ticks. 

  The earliest written account of a nematode “sighting,” as it were, may be found in the Old 

Testament in the Bible: “And the Lord sent fiery serpents among the people, and they bit the 

people; and much people of Israel died”. Many nematologists assume and the circumstantial 

evidence suggests the “fiery serpents” to be the Guinea worm, Dracunculus medinensis, as 

this nematode is known to inhabit the region near the Red Sea.  

 Before 1750, a large number of nematode observations were recorded; many by the notable 

great minds of ancient civilization.  
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 Hippocrates (ca. 420 B.C.), Aristotle (ca. 350 B.C.), Celsus (ca 10 B.C.), Galen (ca. 180 

A.D.) and Redi (1684) described nematodes parasitizing humans, other large animals and 

birds. 

  Petrus Borellus (1656) was the first to describe the first free-living nematode, which he 

dubbed the “vinegar eel;” scientifically referred as Turbatrixaceti. 

 Turbevil Needham (1743) accidently recorded first plant parasitic nematode when he 

crushed one of the shrunken and blackened wheat grains and observed “Aquatic worms, Eels, 

or Serpents, which they very much resemble.” He named it Vibrio tritici. Later this nematode 

was rightly named as Anguina  tritici by Steinbuch.  

19
th

 century History of Nematology (Events of significance): 

  Berkley (1855) discovered first root-knot nematode from galled roots of green-house 

cucumbers in England. 

 Kuhn (1857) found that Dictylechus dipsaci infecting the Heads of Teasel 

 Schacht (1859) ascribed the decline in sugar beet to a cyst nematode later named as 

Heterodera  schachtiiby Schmidt in 1871.  

 Kuhn (1871) was the first to use soil fumigation to control Heterodera schachtii, applying 

carbon disulfide (CS2) treatments in sugar beet fields in Germany.  

 RitzemaBoss (1884) Biological Race of Dictylenchus dipsaci. 

 Goeldi (1887) described first Meloidogyne exiguacausing galls on the roots of coffee in 

Brazil.  

 RitzemaBoss (1891) discovered for the first time a foliar nematode when he discovered 

Aphelenchoides fragariaeon strawberry.  

 Atkinson (1892) described for the first time the interactive role of nematodes in producing 

disease complexes. He reported that the cotton wilt caused by Fusarium oxysporum increased 

manifold in presence of root-knot nematode. 

 Leibscher (1892) reported pea cyst nematode Heterodera goettingianaon pea.  

 Filipjev (1889-1937) Manual of Agril Helminthology. 

 K. Rudolphi (1771-1832, from Germany). Often considered as "Father of 

Helminthology":He gave the name Nematoidea and produced a publication "Entozoorum 

Synopsis" with 350 species belonging to 11 genera (1819).  

 H. C.  Bastian (1837-1915, from England )"Monograph of the Anguillulidae". He described 

100 species of 30 genera in which 23 genera were new. Illustrations were fairly good. He also 

reported different ways to collect nematode, from soil, plant tissue, fresh and salt water 

(1866). 
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 O. Butschli (1848-1920, from Germany) 

 The first detailed descriptions of the morphological characters used in taxonomy (1873). 

Perhaps, credit for founding the science of nematology should belong to him   

Modern History 

  Although 18
th
  and 19

th
  century scientists yielded a considerable amount of important 

fundamental and applied knowledge about nematode biology, real qualitative and quantitative 

research in nematology began only near the turn of the 20
th
 century.  

  In 1907, Nathan Augustus Cobb, an extremely productive scientist, a keen observer, an 

artist and a prolific writer later called The Father of Nematology, joined Sugar Plant 

Research Centre in Hawaii (USA). His important contributions are: 

Nathan Augustus Cobb (1859-1932) 

 He described detailed morphology of plant parasitic nematodes and described minute sensory 

organs of nematodes like amphids, deirids, cephalids, papillae and phasmids.  

 Devised nematode extraction techniques from soil, methods for sampling, nematode 

sectioning and mounting. Many of his techniques are still unsurpassed. 

 He devised "Cobb's slides" in which nematode specimens are mounted between two 

coverslips. The slides allow observation of the specimen from both sides and minimize 

refractive interference of the image. Even now, important nematode specimens are mounted 

on Cobb's slides.  

 Invented a new camera lucida device for drawing and measurements of nematodes. 

 Discovered many new species of plant parasitic nematodes.  

 Published his first paper on nematology in the United States (1913).  

 He separated free living nematodes and plant parasitic nematodes. He advised to shift plant 

parasitic nematodes from Helminthology to Nematology and coined the term Nema (1914).  

 Cobb (1918) published “Contributions to a Science of Nematology” and his lab manual 

“Estimating the Nema Population of Soil” for the benefit of new workers in this field.  

 There are 568 publications to his credit. 

 

 

N.A.Cobb Cobb‟s Slide 
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 In 1933 Tom Goodey published his book named “Plant Parasitic Nematodes and the Diseases 

they cause”. 

 In 1934 I N Filipjev in Russia produced his book “Nematodes that are of Importance for 

Agriculture”.  

 In 1937 B G Chitwood and M B Chitwood wrote a book "An Introduction to Nematology"  

 In 1951 Tom Goodey published a book "Soil and Fresh Water Nematodes" which was revised 

by his son, J B Goodey, in 1963.  

 1961: Society of Nematologists (SON) was formed in USA. 

 Stainer : "Plant parasitic nematodes the growers should know" (1949) 

Milestones/ Landmarks in History of Nematology 

• 1941: Discovery of the golden nematode, Globodera  rostochiensis in the potato fields of 

Long Island led U.S. quarantine officials on a trip to the potato fields of Europe, where the 

devastating effects of this parasite had been known for many years earlier.  

• 1943: The introduction of the soil fumigants, D-D (Dichloropropane –Dichloropropene) by 

Carter for nematode control 

• 1945: Christie discovered another fumigant petroleum byproduct EDB (ethylene dibromide) 

for nematode control on a field scale. 

• 1951: Christie and Perry demonstrated several ectoparasitic nematodes like Xiphinema, 

Longidorus, Trichodorus, Dolichodorus, Hemicycliophora etc. to act as primary plant 

pathogens.  

• 1948 – Allen – Taught the World‟s first formal university course in Nematology at the 

University of California, Berkeley. 

• 1950 – Oostenbrink – Wrote a Book of on “The Potato Nematode, A dangerous parasite to 

Potato Monoculture”. 

• 1953: Suit and Ducharme discovered that the burrowing nematode, Radopholus similis was 

responsible for causing „Spreading decline of citrus‟ in Florida, USA. Serious problem of 

„Pepper Yellows‟ in Bangka islands of Indonesia that shattered the economy of the country 

was also discovered to be caused by this nematode. 

• 1955: Society of European Nematologists (SON) was formed. In 1956, this society started 

publishing first ever exclusive journal in the field of Nematology by the name of 

Nematologica (name now changed to „Nematology‟).  

• 1958: First report of virus transmission by plant parasitic nematodes was given by Hewitt, 

Raski and Goheen when they demonstrated Xiphinema index to transmit fan leaf grapevine 

virus in grape vines.  

• 1971: Bursaphelenchus xylophiluswas found to be responsible for serious „Pine wilt‟ disease 

in Japan that devastated vast pine forests. 
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• 1978 – Revue de Nematologie published from France. 

•  Gerald Thorne -  Many contributions to the science of nematology, especially on nematodes 

in the order Tylenchida, Dorylaimida and Rhabditida. His book "Principles of Nematology" 

(1961) is an outstanding contribution.  

• 1930s – 1990s – Barron, Duddington, Mankau, Linford, Sayre and Zuckerman – they 

provided an insite on the Biological control of plant – parasitic nematodes. Enhanced 

understanding of antagonists and related biology enhancing the potential for practical 

biocontrol. 

• 1940-s – 1990s – Triantaphyllou – Provided advancement in Cytogenetics, modes of 

reproduction/sexually – and information data base for genetics/molecular research. Enhanced 

understanding of evolution and taxa interrelationships. 

• 1950s – 1990s – Caveness, Jones, Oostenbrink, Sasser and Seinhorst – International 

programme such as International Meloidogyneproject – They expanded educational base of 

nematologistsworld wide and provided ecological – taxonomic data base. 

• 1960s- 1990s – Nickle, Poinar and Steiner – Biological control of insects with nematodes. 

• 1960s- 1990s – Brenner, Dougherty and Nicholas – Caenorhabditis elegans developmental 

biology and genetics – model system – provided fundamental information on cell lineage, 

behavior, gene function ageing and overall genome for this model biological system. 

History of Nematology in India 

• 1901: Barber reported root knot nematode infecting tea in South India – first ever report of  

plant parasitic nematodes from India. 

• 1919: Butler reported that Ufra disease of rice was caused by Ditylenchus angustus.  

• 1934: Ayyar reported root knot nematode infesting vegetables and other crops in South India.  

• 1936: White tip disease of rice caused by Aphelenchoides besseyiwas reported by Dastur. 

• 1958: Molya disease of wheat and barley (caused by Heterodera avenae) recorded in 

Rajasthan by Vasudeva. 

 1959: Siddiqi discovered citrus nematode and other plant  parasitic nematodes from Aligarh soil 

in UP.  

 1961: Jones reported golden nematode of potato from Nilgiri Hills in Tamil Nadu.  

 1961: Nematology unit was established at the Central Potato Research Institute, Shimla.  

 1964: International Nematology Course at IARI, New Delhi participated by FGW Jones, J B 

Goodey and D J Raski. 

 1966: Nair, Das and Menon reported burrowing nematode, Radopholus similis on banana in 

Kerala for the first time.  

 1966: Division of Nematology was started at IARI, New Delhi.  

 1967-68: First South East Asia Nematology course held at AMU                  Aligarh and IARI, 

New Delhi. 
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 1969: Nematological Society of India was founded and first All India Symposium was held at 

IARI, New Delhi. 

 1971: Nematological Society of India commenced publication of its biannual journal "Indian 

Journal of Nematology"  

 1977: All India Coordinated Research Project (AICRP) on nematode pests of crops and their 

control was started at 14 centers with the headquarters of project coordinator at IARI, New Delhi. 

 M.Sc. (Ag.) Plant Nematology course started 1979- Tamil Nadu Agricultural University, 

Coimbatore.   
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ECOLOGICAL CLASSIFICATION OR  

CLASSIFICATION OF PLANT PARASITIC NEMATODES ON THE BASIS OF FEEDING HABIT 

----------------------------------------------------------------------------------------------------------- 

                                  Above ground feeder/Arial nematode                                                                                               Below ground feeder 
*Seed gall nematode , Anguina tritici         *Stem and bulb , Ditylenchus spp 
 *Red ring nematode,Rhadinaphelenchus cocophilus    *Leaf and bud nema, Aphelenchoides spp 
*Pine wilt nema   Bursaphelenchus sp                                             

---------------------------------------------------------------------------------------------------------------------------------------------------                                                       
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Biology and Ecology of nematodes-types of parasitism-complex 
diseases caused by Plant parasitic nematodes: 
 
Biology : 

The plant parasitic nematodes have 6 stages and four moulting in their life cycle. They are 

1. Egg , 

2. First stage larva/juvenile (J1) 

3. Second stage larva/juvenile (J2),         

     4. Third stage larva/juvenile (J3) 

5. Fourth stage larva/juvenile (J4) and     

     6. Adult 

The first stage juvenile undergo molting with in the egg after hatching and second stage juveniles will be released into 

the soil, which is the infective stage. Larva or juvenile undergo moulting thrice and then develops into adult. 

The female lays eggs in the soil or plant tissue either singly or in masses that hatch into larvae which are almost 

similar to adults in appearance. The first moulting usually occurs before hatching when the larvae is within the egg 

shell. The larva undergoes series of four moults. The period of growth between moults are called juvenile stages.The 

first larval stage is ended by the first moult, the 2nd stage by second moult. After 4th moult the adult is formed. In 

case of Xiphinema index the larvae emerge from the egg before the first moult. The larval cuticle is shed after each 

moult. The average number of eggs laid by nematode may be 200-500. The total lifecycle will be completed in 20-40 

days. 

NATURE OF DAMAGE: 

Majority of phytophagous nematodes are polyphagous infecting wide range of 

hosts among which a few may be more favourable than others. These nematodes feed on plant tissues by sucking sap 

from the host cell with the oral stylet that is used as a hypodermic needle to puncture the host cell. Nematodes usually 

cause damage by Mechanical injury – by penetration and movement through plant tissues causing cellular changes 

like necrosis – death of cells and causes some Physiological changes in the host by interruption in uptake of nutrients 

and water from roots as vascular bundles get damaged. 

 

Tail: 

Present in male, female and larva. Tail vary in shape and size. Sometimes it may be different in larva and adult or it 

may be present in larva but reduced or absent in adult as in Heterodera and Globodera. 

Tail is a locomotory organ useful for swimming in aquatic nematodes. Other structures present at tail region include 

caudal alae, bursa and genital papillae that help in reproduction. Tail tip may be filiform, conoid, hooked short bluntly 

conoid, hemispheroid or clavate type. 
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GENERAL LIFE CYCLE OF PLANT PARASITIC NEMATODE 
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Ecological classification of plant parasitic nematodes or Feeding habit 

I. Above ground feeders 

a.   Feeding on flower buds, leaves and bulbs. 

i. Seed gall nematode : Anguina tritici 

ii. Leaf and bud neamtode : Aphelenchoides 

iii. Stem and bulb nematode : Ditylenchus 

b.   Feeding on tree trunk 

i. Red ring nematode : Rhadinaphelenchus cocphilus 

ii. Pine wilt nematode : Bursaphelenchus xylophilus           
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II. Below ground feeders 

 

Endoparasite   Semiendopaasite  Ectoparasite 

 

Sedentary   Migratory 

i. Cyst nematode  i. Lesion nematode 

Heterodera spp  Pratylenchyus spp 

Blobodera spp  ii.Burrowing nematode 

ii. Root – knot nematode      Radopholus similes 

Meloidogyne spp  Hischmanniela spp. 

 

      i. Citrus nematode 

      Tylenchulus semipenetrans 

      ii. Reniform nematode 

      Rotylenchulus reniformis 

 

Sedentary      Migratory 

i. Sheath nematodes   i. Needle nematode : Longidorus sp. 

Hemicriconemoides spp.   ii. Dagger nematode : Xiphinema sp. 

Hemicycliphora spp. Cacopaurus spp.   iii. Stubby nematode : Trichodorus sp. 

      iv. Pin nematode : Paratylenchus sp. 

According to feeding habits, the nematodes can be divide into  

1. Ectoparasitic nematodes, 

2. Semi endoparasitic nematodes and 

3. Endoparasitic nematodes 

1. Ectoparasitic nematodes : These nematode live freely in the soil and move closely or on the root surface, feed 

intermittently on the epidermis and root hairs near the root tip. 

A. Migraotory ectoparasite : (e.g.) Criconemoides spp. Paratylenchus spp., and Trichodorus sp., etc., These 

nematodes spend their entire life cycle free in the soil .  When the roots are disturbed they detach themselves. 

 

B. Sedentary ectoparasites : (eg.) Hemicycliphora arenaria and Cacopaurus pestis etc., In this type of parasitism the 

attachment of nematode to the root system is permanent but for this, it is similar to the previous one. 

 2. Semi – endoparasitic nematodes : (e.g.) Rotylenchulus renifomis and  Tylenchulus  semipenetrans.  The anterior 

part of the nematode, head and neck being permanently fixed in the cortex and the posterior part extents free into the 

soil. 

3. Endoparasitic nematodes : The entire nematode is found inside the root and the major portion of nematode body 

found inside the plant tissue. 

a. Migratory endoparasite : (eg.) Hirschmanniella spp., Pratylenchus spp and Radopholus similes etc., These 

nematodes move in the cortial parenchyma of host root.  While migrating they feed on cells, multiply and cause 

necrotic lesions. 

b. Sedentary endoparasite : (eg.) Heterodera spp and Meloidogyne spp. The second stage larvae penetrate the root 

lets and become sedentary through out the life cycle, inside the root cortex.    
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Nematode Disease symptoms on crop plants 

 Most of the plant parasitic nematodes affect the root portion of  plants except Anguina spp., Aphelenchus spp., 

Aphelenchoides spp.,Ditylenchus spp, Rhadinaphelenchus cocophilus and Bursaphelenchus xylophilus.  Nematodes 

suck the sap of the plants with the help of stylet and causes leaf discolouration, stunted growth, reduced leaf size and 

fruits and lesions on roots, galls, reduced root system and finally wilting. 

Symptoms of nematode diseases can be classified as  

I. Symptoms produced by above ground feeding nematodes  

II. Symptoms produced by below ground feeding nematodes  

I. Symptoms produced by above ground feeding nematodes  

1. Leaf discolouration : The leaf tip become white in rice due to rice white tip nematode Aphelenchoides besseyi, 

yellowing of leaves on Chrysanthemum due to Chrysanthemum foliar nematodes, A. ritzemabosi.  

2. Dead or devitalized buds : In case of straw berry plants infected with A. fragariae, the nematodes affect the 

growing point and kill the plants and result in blind plant.  

3. Seed galls : In wheat, Anguina tritici larva enter into the flower primordium and develops into a gall. The 

nematodes can survive for longer period (even upto 28 years) inside the cockled wheat grain.  

4. Twisting of leaves and stem : In onion, the basal leaves become twisted when infested with D. angustus.  

5. Crinkled or distorted stem and foliage: The wheat seed gall nematode. A tritici infects the growing point as a 

result distortions in stem and leaves take place.  

6. Necrosis and discolouration : The red ring disease on coconut caused by Rhadinaphelenchus cocophilus. Due to 

the infestation, red coloured circular area appears in the trunk of the infested palm.  

7. Lesions on leaves and stem: Small yellowish spots are produced on onion stem and leaves due D. dipsaci and the 

leaf lesion caused by A. ritzemabosi on Chrysanthemum.  

II. Symptoms produced by below ground feeding nematodes: The nematodes infest and feed on the root portion 

and exhibit symptoms on below ground plant parts as well as on the above ground plants parts and they are classified 

as  

A. Above ground symptoms  

B. Below ground symptoms  

A. Above ground symptoms  

1. Stunting : Reduced plant growth, and the plants can not able to withstand adverse conditions. Patches of stunted 

plants appears in the field. (eg.) in potato due to Globodera rostochiensis, in maize, due to Heterodera zeae & 

Pratylenchus zeae and in wheat by Heterodera avenae.  

2. Discolouration of foliage : Patchy yellow appearance in coffee due to Pratylenchus coffeae, G. rostochiensis 

infested potato plants show light green foliage. Tylenchulus semipenetrans induce fine mottling on the leaves of 

orange and lemon trees.  
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3. Wilting : Day wilting due to Meloidogyne spp. i.e. in hot weather the root-knot nematodes infected plants tend to 

droop or wilt even in the presence of enough moisture in the soil. Severe damage to the root system due to nematode 

infestation leads to day wilting of plants.  

B. Below ground symptoms  

1. Root galls or knots : The characteristic root galls are produced by root-knot nematode, Meloidogyne spp. False 

root galls are produced by Nacobbus batatiformis on sugar beet and tomato. Small galls are produced by 

Hemicycliophora arenaria on lemon roots. Ditylenchus radicicola cause root galls on wheat and oats. Xiphinema 

diversicaudatum cause galls on rose roots.  

2. Root lesion : The penetration and movement of nematodes in the root causes typical root lesions eg. Necrotic 

lesions induced by Pratylenchus spp on crossandra; the burrowing nematode, Radopholus similes in banana. Similarly 

Pratylenchus coffeae and Helicotylenchus multicinctus cause reddish brown lesion on banana root and corn. The rice 

root nematode also causes brown lesions on rice root.  

3. Reduced root system : Due to nematode feeding the root tip growth is arrested and the root produce branches. This 

may be of various kinds such as coarse root, stubby root and curly tip.  

4. Coarse root : If the growth of lateral roots is stopped just as most of them are breaking through the cortex or while 

they are very short , an open system made up mostly of the main roots largely devoid of small branch rootlets may 

result. This type of symptom is produced by Belonolaimus longicaudatus on corn. Paratrichodorus spp. infestation 

arrests the growth of lateral roots, and leads to open root system with only main roots without lateral roots.  

5. Stubby roots : The lateral roots produce excessive rootless. If the branch rootlets manage to attain a moderate 

length before their growth is stopped, the resulting root system may be composed of numerous short, stubby branches 

often arranged in clusters. This type of symptoms is produced by Trichodorus christie on corn.  

6. Curly tip : In the injury caused by Xiphinema spp. the nematode retard the elongation of roots and cause curling of 

roots known as “Fish book‟ symptom.  

7. Root proliferation : Increase in the root growth or excessive branching due to nematode infestation. The infested 

plant root produced excessive root hair at the point of nematode infestation. (eg.) Trichodorus christei, Nacobbus spp., 

Heterodera spp. Meloidogyne hapla and Pratylenchus spp. etc.  

8. Root – rot : The nematodes feeds on the fleshly structure and resulting in rotting of tissues (eg.) Yam nematode 

Scutellonema bradys and in potato Ditylenchus destructor cause root rot.  

9. Root surface necrosis : The severe injury caused by T. semipenetrans on citrus leads to complete decortications of 

roots and results in root necrosis.  

10. Cluster of sprouts on tubers : On the tubers, clusters of short and swollen sprouts are formed due to D. dipsaci 

infestation in many tuber plants.  

11. Pearly disease of pigeonpea:- Immature whitish females of cyst nematode are found attached with the roots of 

pigeonpea . It is known as pearly disease of pigeonpea. Eg, H. cajani.  

12. Dirty root:- In banana, castor, pigeonpea, due to infection of Rotylenchulus reniformis, soil particles adhere to the 

gelatinous matrix of eggmasses, which are not removed by washing the roots, thus giving dirty appearance of roots.  

13. Beard shape:- The root tip, after attacked by stunt nematodes comes out large number of branches from point of 

infection , these branches in turn again infected and branches again .This condition is known as beard shape At 

feeding point root is cut off, so stop the nutrient movement , so many secondary & tertiary roots comes out from cut 

end eg. Tylenchorhynchus vulgaris 
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Difference between root galls and root nodules 

Root   galls / Root knot Root nodules 

Formed within root  Formed on the side of root  

Irregular in shape  Regular in shape  

Very hard  Soft  

Harmful host-parasite relationship Useful  symbiotic relationship 

Easily not detachable  Easily detachable  

Nematodes found on dissection  Bacteria found on dissection  

Pinkish colour fluid not seen  Pinkish colour fluid seen  

Do not fix atmospheric N2  Fix atmospheric N2  

e.g.  Meloidogyne spp  e.g.  Rhizobium spp. 

 
INTERACTION OF NEMATODES WITH OTHER PLANT PATHOGENS 

Plant parasitic nematodes favours the establishment of secondary  pathogens viz., fungi, bacteria, virus etc. 

The nematodes alter the host in such a way that the host tissue becomes suitable for colonization by the secondary 

pathogens.  Even though the nematodes themselves are capable of causing considerable damage to the crops, their 

association with other organisms aggravate the disease.  The nematodes cause mechanical wound which favours the 

entry of micro organisms.  In some cases, the association of nematode and pathogen breaks the disease resistance in 

resistant cultivators of crop plants. 

 
Nematode – fungus Interaction 

 Nematode – fungus interaction was first observed by  Atkinson (1892) in cotton.  Fusarium wilt was more 

severe in the presence of Meloidogyne spp. Since then the nematode – fungus interaction had received considerable 

attention on important crop like banana, cotton, cowpea, brinjal, tobacco and tomato.  Some examples of nematode – 

fungus interaction are given in the following  table. 

Crop Name of the 

disease 

Nematode Fungus Role of 

nematode 

Cotton 

 

 

 

 

 

 

Damping off Meloidogyne 

incognita acrita 

M. incognita 

acrita  

Rhizoctonia 

solani  

Pythium  

debaryanum 

Assists 

 

Pythium 

 Vascular wilt M. incognita 

acrita 

Fusarium 

Osysporum 

F. vasingectum 

 

Assists 

              Rotylenchulus 

            Reniformis 

Belonolaimus gracicilis 

 

B. longicaudatus 

 

 

F. oxysporium 

f.sp 

Vasinfectum 

F.oxysporum 

f.sp 

 

Assists 

 

 

 

Assists 

Blank shank  

(vascular wilt) 

M. incognita 

acrita 

Pytophtora 

Parasitica var 

nicotianae 

Assists 
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Nematode – Bacterium interactions 

 Nematode – bacterium interactions are comparatively fewer than the nematode – fungal interactions.  Some 

examples of nematode – bacteria association are presented. 

Crop 
Name of the 

disease 
Nematode Bacterium Role of nematode 

Wheat Tundu/yellow 

slime/ear rot of 

wheat 

Anguina tritici 

 

Corynebacterium 

tritici  

Essential Assists 

Vascular wilt M. incognita Pseudomonas 

solanacearum 

 

 
Nematode – Virus Interaction 

 In nematode – virus complex, nematode serves as a vector.  Numerous virus – nematode complexes have been 

identified after the pioneer work by Hewit, Raski and Goheen (1958) who found that Xiphinema index was the 

vector of grapevine fan leaf virus.  Xiphinema spp., Longidorus spp., and Paralongodorus spp. transmit the ring spot 

viruses which are called “NEPO” derived from Nematode transmitted polyhedral shaped particles. Teichodorus 

spp. and Paratrichodorus spp. transmit the rattle viruses and called “NETU” derived from Nematode transmitted 

tubular shaped particles.  All these nematodes have modified bottle shaped oesophagus with glands connected by 

short ducts directly to the lumen of the oesophagus.  This actually of nematodes.  Certain examples of the viral 

diseases and the nematode vectors are given in the following table. 

Viruses Nematode 

NEPO – virsus  

Arabis mosaic Xiphinema diversicaudatum 

Arabis mosaic, grapevine fan leaf Arabis 

mosaic, Grapevine 

X. paraelongatum 

                 NETU VIRUSES 

Tabacco  rattle Paratrichodorus pachydermus 

P.allius,P.nanus, 

P.porosus,P.teres 

Trichodorus christei 

T.Primitivus, T.cylindricus, 

T. hooperi 

Pea early browning P.amenous, P.pachydermus, 

P.teres,T.viruliferus. 

 Nematodes acquire and transmit the virus by feeding, which requires as little as one day.  Once acquired, the 

virus persists for longer period in the nematode body than in vitro.  For example, the grapevine fan leaf virus will exist 

for as many as 60 days in X. index.   Two types of mechanisms are observed in virus transmission (i) retention 

through close biological association between virus and vector as in Xiphinema; (ii) retention of virus mechanically as 

in Logidours.  Virus is retained in the inner surface of the guiding sheath of Longidorus, cuticle lining of the lumen of 
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oesophagus in Trichodorus and Paratrichodrous, cuticle lining of stylet extension and oesophagus in  Xiphinema.  

The virus particles are released into plant cell with the help of oesophagus. 

               

 

Different types of nematodes 

 

1. Seed gall nematode: Anguina tritici 

Host Range: Wheat 

First plant parasitic nematode identified . Nematode larvae revived even after 28 

years of storage. 

• Obligate plant parasites with obese body. 

• Female spiral in form and immobile. 

• Males usually shorter than females. 

• Infective stage: juvenile stage (J2). 

• The juveniles moult thrice in quick succession within 3-5 days after invasion of flower primordia and change into 

adult males and females. 

 

Symptoms: 

• Nematode infected seedlings show slight enlargement of basal portion of the stem after about 20-25 days of 

germination. 

• Leaves emerging from the seedling are twisted and crinkled, often folded with their tips held near the growing point. 

• Infested plants generally show profuse tillering. 

• Glumes may be loosely arranged and galls replace the seeds. 

• Conversion of all or few grains in the ear into cockles. 

 

2. Stem and bulb nematode: Ditylenchus sp. 

 

Host Range: Paddy , potato, mushroom (D.myceliophagus) and Onion 

Important pest during storage. 

• Rarely striated head, lip region is without dovious annuls. 

• Oesophageal glands may overlap intestine slightly. 

• Female with monodelphic, prodelphic ovary. 

• Male with one testis. 

• Infective stage - juvenile stage (J4) 

 

• Symptoms: 

• The leaves may become slightly thinner and more flaccid and sometimes chlorosis may be observed. 

• The chlorotic portion of leaves becomes brown to dark brown.                                                                                  

 Twisting of leaf and leaf sheath.  

 • Panicles do not emerge and are enclosed completely within the flag leaf sheath. 

3. Leaf and bud nematode: Aphelenchoid sp. 

 

Host Range: Rice, mushroom ,strawberry and chrysanthemum 

• Cuticle is marked by fine transverse striae. 

• Lip region is not striated. 

• Spear is with thickening at the base but without well developed knobs 

• Female with single ovary out stretched. Vulva posterior, 

• The nematode is carried beneath the hull of the rice kernel in quiescent, immature, usually preadult stage. 

• These nematodes do not survive in the soil after harvesting and are not transmitted through seeds. 

• Infective stage - juvenile stage (J2) 

Symptoms: 

• White tip of seedlings. 

• Initially the seedling growth is stunted and germination is delayed. 

• Turning of 3-5cm of leaf tip into pale yellow to white colour at the tillering stage. 
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• The emerged panicles are generally short and flower becomes sterile. 

• Glumes of affected spikelets are white and do not change in shape and size. 

 

 

4.Red ring nematode: Rhadinaphelenchus cocophilus 

 

Host Range: Coconut 

Very slender body, massive sclerotization of the labial arches, elongated medium bulb , wide vulvar flap, curved 

vagina, speculum form and sclerotized spade like extension of male tail. 

• Transfer of nematodes is purely mechanical through palm weevil Rhynchophorus Palmarum 

 

Symptoms: 

• Yellowing and browning of the leaves begin at the base of the tree and progress upward till the leaves die, break and 

hang down. 

• A cross section shows 1-2 inches red ring that extends from the base of thetrunk to a height of 4 feet or more. 

• Infested roots show discoloured tissues. 

 

5.Root knot nematode: Meloidogyne sp. 

 

Polyphagous 

Host Range:Tomato, brinjal, bhendi, chilli, cowpea, greengram and tobacco 

Female: 

• The cuticle is transcuscent and glistening giving the white , pearly appearance to the nematode. 

• the posterior end of the females possess distinctive arrangements of striae about the vulva- anus areas(perineal area). 

• The excretory pore is infront of the muscular bulb of the oesophagus and close 

behind the stylet base. 

Male:   • Vermiform, having blunt tail and slightly tapering neck region. 

• Spicules simple, curved and gubernaculum is small. 

• Caudal alae absent. 

 

Symptoms: 

• The infected plants usually exhibit yellowing of foliage, reduced unthrifty growth, smaller foliage, poor and fewer 

fruits and a tendency to wilt during warmer parts of the day. 

• Poor emergence and death of young seedlings . 

• Early poor fruiting for a relatively shorter period . 

• Wilting and drying of crop in the field in patches. 

• Presence of galls or knots on roots is the important diagnostic symptom 

 

6. Cyst nematode: Heterodera sp. and Globodera sp. 

 

Host Range: Wheat, Barley. Rie, Oats, Pulses and Potato etc 

• Heterodera: 

• the mature cyst is lemon shaped with a short neck and terminal cone 

• Male vermiform, stylet and oesophagus well developed, tail end twisted, spicules robust with out bursa. 

• Infective stage : juvenile stage(J2) 

 

 

Globodera: 

 

The mature cyst spheroidal (round) with a short projecting neck, terminal region not forming a cone. 

- Vulval fenestra circumfenstrate, no anal fenestra. 

Infective stage : juvenile stage(J2) 

 

Symptoms of potato cyst nematode: 

‐ The disease usually occurs in patches under severe infection 

‐ Stunted growth, general necrosis, in severe infection 

‐ The newly formed tubers are few in no. and considerably reduced in size. 
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Symptoms of Heterodera avenae: 

The effected fields usually give patchy appearance during initial stages of infection. 

‐ Stunted growth, general necrosis, in severe infection, there may not be any grain formation. 

‐ Infected roots are short, with multiple branches giving a bunchy appearance. 

 

7. Root lesion nematode(Pratylenchus sp.) 

 

The head is relitively broad and continuos with body. Tail blunty rounded. 

 

Symptoms: 

In infected plants exhibit thin stem, leaves are small ,chlorotic ,crinkled and diseased plants are stunted ,become 

prematurely old. The roots of diseased plants show discreate elliptical lesions in the intial stage which are yellow, 

brown or black in colour. The infected plants can be easily pulled out from the ground. The wounds caused by 

nematode are invaded by secondary pathogens like fungi and bacteria. 

 

8. Rice root nematode(Hirschmanniella sp.) 

 

It is migratory, endoparasitic aquatic nematode. Spear shape well developed.Tail is abruptly conoid with a mucro at 

the terminous. 

 

Sympotoms: 

Damage to roots, retardation of growth ,stunting of plants chlorosis and reduction in tillers can be observed . 

In case of severe infection, flowering is delayed by about 12 to 15 days resulting in late maturation of crop. 

Infected root exhibits necrosis and browning and too much vaculation in the cortex. 

 

9. Burrowing nematode(Radopholus sp.) 

 

Host Range: Wheat, Barley. Rie, Oats, Pulses and Potato etc 

Both adult female and male are vermiform .In female, the lip region rounded, marked by striae. 

Tail is concoid to blunt with rounded terminus.in adult males, lip region is subspherical with or without striae. 

Infective stage: Juvenile (J3) and adult Female 
 

Symptoms: 

Spreading decline of citrus: (R.citrophilus) 

Infection results in stunted plants with sparce foliage, small fruits and retarded terminal growth. 

Trees possess large number of drying branches. Typical lesions are found on new roots 

Root and rhizome rot banana: 

Leaf chlorosis, dwarfing, thin pseudostem, small bunches and premature lodging of plants occur due to nematode 

infection. 

Yellow disease of pepper: 

Infection results in increase in the number of yellow leaves , arrests growth of veins, leading to severe die back and 

death of the plants 

10. False root knot nematode (Nacobbus sp.) 

Female body is swollen and irregularly shaped . While male is typical filiform with 

short tail enveloped by a narrow bursa. Large galls frequently contains no living female and only masses of darkened 

tissues are found . Cell wall collapses and enlarged cells are formed due to coalesion of adjacent cells . 

11. Citrus nematode ( Tylenchulus semipenetrans) 

Females long with variable saccate body, stylet short , blunt tail. Male: Slender, vermiform, stylet and oesophagus 

degenerated 

Symptoms: 

Infection results in reduced terminal growth, chlorosis and shedding of leaves, dieback of branches, and reduction in 

size and number of fruits. Infected fibrous roots show irregular thickening and exhibit extensive necrosis which give 

them a rust brown colour. 

12. Reniform nematode (Rotylenchulus sp.) 

 

It is kidney shaped. Female irregular shaped, reniform, tail concoid with rounded terminus. In case of male tail is 

pointed; spicules are curved. 

Infective Stage: Immature Female 
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Symptoms: Stunted growth of plants, premature decay and loss of secondary roots 

Cotton: Browning and necrosis of epidermal cells are found on infected roots. 

Castor: Infection results in reduction in growth, shedding of leaves, early flowers malformation and discolouration of 

seeds ultimately leading to dieback symptoms 

Vegetables: Infection destroys the epidermal cells causing necrosis and browning of surrounding cells. 

 

13. Lance nematode (Hoplolaimus sp.): 

 

Yellowish in colour spear robust with prominent tulip shaped knobs. Vulva near middle of body, tail with rounded 

terminus 

 

Symptoms: 

H.indicus stunting of upper internodes ;drooping of leaves ;withering leaf tips the infected roots exhibit gallaries. 

young lateral roots developed reddish brown it is important in inducing the wilt fungi fusarium monoliformae . 

 

14. Spiral nematodes (Helicotylenchus sp.and Rotylenchus sp.) 

 

Spiral or helical shape, pore like tiny phasmids. Rotylenchus is migratory ectoparasite of roots 

Helicotylenchus dihystera: Roots attacked by the nematode are blunt, malformed and much reduced in volume 

15. Sheath nematode (Hemicycliophora sp.) 

Ovary is prodelphic and outstretched tail elongated, pointed and rounded. In males spicules are variously shaped, 

almoststright, slightlycurved, sicklelike. Due to feeding on root tips, galls are caused growth of hoots stop 

16. Pin nematode (Paratylenchus sp.): 

Usually they lie immobile in semi circularposition. Head is conical or rounded .tail isconical to various shaped point. 

Though the nematode have long styletsbut generally feed only upon epidermal tissues or roothairs. 

 

17. Dagger nematode(Xiphinema sp.) 

 

Long, sword like stylet and given the common name “dagger nematodes” stylet very long hypodermal needle like. 

Tail short rounded to filiform. 

X. index is a vector for NEPO virus transmitting the fan leaf virus of grape 

18. Needle nematode(Longidorus sp.): 

 

Longidorus are known to transmit polyhedral viruses.Eg: L. elongates transmits raspberry ring spot viruses and 

L. attenuates transmits tobacco black ring viruses. 

 

19.Stubby root nematodes (Trichodorus and Paratrichodorus): 

 

Stylet with hair like mural tooth. The nematodes with blunt rounded tails and thick cuticle. Transmit soil borne plant 

Viruses Feeding is confined to root tips causing ,stunted growth of roots hence, the 

name “stubby root” It is a vector of NETU virus. 

 

Common name Scientific name Infective stage 

Cyst nematode Globodera spp. and Heterodera spp. juvenile stage (J2) 

Foliar nematode Aphelechoides spp. juvenile stage (J2) 

Lesion nematode Pratylenchus spp. juvenile stage (J2) 

Reniform nematode Rotylenchulus renifomis Immature Female 

Root – knot nematode Meloidogyne spp. juvenile stage (J2) 

Stem and bulb nematode           Ditylenchus sp. juvenile stage (J4) 

Seed gall nematode                      Anguina tritici juvenile stage (J2). 

Golden cyst nematode                  Globodera rostochinensis juvenile stage (J2) 

Burrowing nematode                                        Radopholus similis Juvenile (J3) and adult Female 
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Anatomy/ General structure of Nematode 
 

Body is tubular and divided into three regions 

1. Outer body tube or body wall. 

2. Body cavity or Pseudocoelom in which excretory, nervous and reproductive system 

3. Inner body tube or alimentary canal. 

are present. 

1. Outer body tube: 

 

Consists of three layers; the cuticle, epidermis( hypodermis) and somatic muscle layer. 

Cuticle: is the outermost layer non cellular secreted by epidermal cells derived from ectoderm serves as 

exoskeleton and protect the inner soft body tissues. 

 

Cuticle has three layers 

1. Outer cortical - has keratin and collagen disulphide group – give 

resistance nature. 

2. Matrix - Consists of protein resembling collagen. It is not 

metabolically active layer. 

3. Fibre Layer - protect nematode from environment. 

 

The functions of cuticle  
 Cuticle gives definite shape and size to the body, 

  acts as an exoskeleton, 

  helps in movement, 

  being semipermeable, it regulates permeability and provides important taxonomic characters for 

identification of nematodes. 

 Protect the inner soft body tissues 

 Being elastic, it maintains turgor pressure of the body. 

 Cuticle is the seat of many sensory structures  

 

Hypodermis / Epidermis : It lies between cuticle and somatic layer. It is responsible for formation of 

cuticle. In higher nematodes it is rich in lipids and glycogen which serve as source of reserve energy . 

 

Somatic muscle layer: 

These are arranged longitudinally beneath the hypodermis in the interchordal zones. 

 

Based on arrangement the following types of cells are present 

1. Holomyarian - Have 2 muscle cell in each zone. 

2. Meromyarian - 2 or 5 muscle cells in each zone. 

3. Polymyarian - More than 5 muscle cells per zone 

 

Based shape of cells they are grouped in to – 

1. Platymyarian - flat type of muscle cell 

2. Coclomyarian - „U‟ shaped cell muscle fibre are adjacent and 

perpendicular to epidermis 

3. Circomyarian` - Muscle fibre completely surround the cytoplasm 

Nematode muscles are unusual, in that muscle sends branches to nerves rather 

than nerves send branches to muscle. 



33 
 

Sarcoplasmic zone

Fibrillar zone (Contractile elements)

Platymarian Coelomarian Circomarian 

Type of Muscles

 

2.Body Cavity: 

Body cavity is devoid of mesodermal lining,hence, it is called pseudocoelom.. Externally it has somatic muscle cells 

and internally cells of alimentary canal.Pseudocoelom is filled with fluid which is rich in proteins and bathes all 

internal organs and functions as part of the turgor pressure system on the exoskeleton. The pseudocoelom is also 

linked with a network of fenestrated membrane that support visceral organs. 

(I)  Reproductive System in Nematodes 

The nematodes are generally dioecious. Majority of plant parasitic nematodes do not exhibit any differences 

as far as body shape. Both sexes are vermiform. However, sexual dimorphism is observed in some genera viz., 

Meloidogyne, Heterodera, Globodera, Rotylenchulus, Tylenchulus and Nacobbus. The females of these genera 

become enlarged and assume different shapes after attaining maturity.  

 

Sexually reproduced -Most of the cases sexual (Amphimictic) reproduction is reported -males and females are 

present and both are separately: Lesion, stunt and lance nematodes.  

Some have automixis type reproduction – Generally the males are lesser in numbers then females or may be 

completely absent, which indicates a tendency towards hermaphroditism and parthenogenesis.  

Hermaphroditism means individuals which function both as male and females. It may be of two types:  

Syngonic hermaphroditism : where the gonad first produces sperms that are stored and fertilize the eggs developed 

by the same gonads later, eg. Caeonorhabditisspp. 

Digonic hermaphroditism : where both sperms and ova are simultaneously produced by different parts of the same 

gonad, e.g. Helicotylenchusspp 

Parthenogenesis: In which males are not found or lesser in number and the fertilization of ovum does not take place 

with sperm or spermatocytes, either produced by males or females but females lays fertilized eggs without fertilization 

e.g. Meloidogyne, Heterodera, Tylenchulusand Ditylenchus.  

Sex reversal: In root-knot nematodes sometimes during scarcity of food or in unfavorable conditions the developing 

females get converted into males.  

Inter sexes: In genera like Meloidogyneand Ditylenchusinter sexes are found. In such cases one reproductive system 

acts as male gonad and other one as female gonad. 

 

Female Reproductive System 

  The various parts of the female genital tract are ovary (gonad), oviduct, spermatheca, uterus, vagina and 

vulva.  

(1) The ovary 

  It is hollow elongate tube.  

  The apical end of ovary has a cap cell at the tip which is called as germinal  zoneor zone of multiplication in 

which rapid cell division takes place to give rise germinal cells (oocytes).  
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  This region is followed by growth zone which constitutes the greater part of ovary.  

 The oocytes or germ cells in this zone become big and ripe which are generally arranged in single rows.  

  After maturity they are called oogonia. 

(2) Oviduct 

  Next to growth zone of ovary, the gonad has oviduct.  

  The oocytes when ripe they pass in to oviduct.  

  Oviduct may serve as spermatheca in some nematode. However in Paratylenchus, the spermatheca is in the 

proximal part of uterus or in the post-vulvar sac at the distal end of gonad.   

 
(4) The Spermatheca 

  The upper part of uterus serves as spermatheca in some nematodes.  

  After maturation, oocytes pass down to spermatheca via oviduct.  

 Spermatheca stores the sperms (male sex cell) after mating and when the oocytes pass through it, they get 

fertilized. 

(5) Crustaformeria or Quadricolumella 

 It is the region of uterus consisting of specialized cells that secrete egg membrane.  

  Layers on the egg (ovum) are laid, while it is passing through the glandular crustaformeria.  

(6) The uterus  

  It is a structure that contains developed eggs prior to egg laying.  

  It is the largest and most complex part of the gonad. 

  The functions of uterus are fertilization, egg shell formation and laying of eggs.  

  As stated above, the upper part of uterus serves as spermatheca in some nematodes.  

(7) Vagina  

  The uterus entered in common vagina, which is a short, narrow and flattened tube lined with cuticle and 

provided with muscles near to vulval opening.  

  It helps in the expulsion of egg to the outside and opens on the ventral side through a slit-like opening, the 

vulva. 

(8) Vulva 

  The vagina opens through female gonopore, the vulva.  

  The eggs are expelled through a vulva which is normally situated middle of the body.  
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Types of Ovaries in female Nematodes 

  On the basis of number and arrangements ovaries may vary in nematodes. 

  On the basis of number 

1. Monodelphic or Monoovarial:  When the nematodes have a single ovary thenthe female is called as 

monodelphic. e.g.Pratylenchus 

2. Didelphic or Diovarial: When the nematodes have two ovaries then the female is called as didelphic.  

 On the basis of arrangement  

 Monodelphic Prodelphic: When  females possess only one gonoduct (monodelphic) which may be directed 

anteriorly (prodelphic) then female is called as Monodelphic prodelphic. 

 Monodelphic Ophisthodelphic :When females may possess only one gonoduct (monodelphic) which may be 

directed posteriorly (ophisthodelphic) then female is called as Monodelphic Ophisthodelphic . e.g. Xiphinema 

sp. 

 
 

 

 DidelphicProdelphic: When  females possess two ovaries which are directed anteriorly then female is called 

as DidelphicProdelphic. e.g. Heterodera, Globodera, Meloidogyne 
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 Didelphic Ophisthodelphic :When females possess two ovaries and both ovaries are directed posteriorly then 

female is called as MonodelphicOphisthodelphic. e.g. Ditylenchus 

 Didelphic Amphidelphic:  The two ovaries are opposite to one another, such as one is anteriorly directed and 

other posteriorly directed. e.g. Helicotylenchus, Hoplolaimus, Tylenchorhynchus 

 
 Some Terminology 

 Vulval flap: The vulval opening is a transverse slit and not covered with any flap, but in Agelenchusand 

Coslenchus vulva is covered with a membranous flap known as vulval flap.  

 Epiptygma: The vaginal tube in Hoplolaimus is provided with a cuticular sclerotised structure encircling the 

tube known as epiptygma. 

  Ovary in most of the plant parasitic nematodes is always straight and does not curve back. Such ovaries are 

called as outstretched ovaries. e.g. Tylenchorhynchus, Radopholus and Hirschmaniellaetc. 

 In Dorylaimid nematodes, the tip of the ovary is curved back. It is known as reflexed ovary.  

 Hologenic State: Ovary is called hologenic, if it produced oocytes throughout it length. 

 Telogenic State: Ovary is called telogenic, if it producing oocytes only at its distal end. 

 

 

 

Male Reproductive System 

  The male reproductive system generally consists of three 

primordial parts: the testis, seminal vesicle, and vas deference.  

(1) The Testis 

  The production of sperms takes place in testis. In the testis, 

the germinal and growth zone can be easily distinguished. 

  In germinal zone spermatogonial division takes place, while 

in growth zone, spermatocytes increases in size. The spermatocytes 

are arranged in single or double rows.  

(2) Seminal Vesicle 

  At the end of the growth zone of testis, maturation of 

spermatocytes takes place and the spermatocytes are stored in 

seminal vesicle. 

(3) Vas deference  
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  It consist of an anterior glandular region and posterior muscular region and containing the ejaculatory duct 

which opens into the cloaca at the posterior end. 

  

  Vas deferens joins posteriorly with rectum to form cloaca. 

(4) Ejaculatory glands 

  Ejaculatory glands are associated with ejaculatory duct. 

 The ejaculatory duct helps in the ejection of sperms during fertilization.  

  It also secret the adhesive cement deposited during copulation with the vulva in some species of nematodes. 

  It tapers gradually and opens ventrally into the cloaca.  

  The cloaca is provided male copulatory structures such as spicules, gubernaculums etc.  

 

 

Other major male reproductive organ 

(5) Spicules  

 A pair of hard curved structures, the spicules are located in a cloacal pouch. 

  The spicules are protrusible and help in the insemination of females during mating by spreading the female 

vulva. 

(6) Gubernaculum 

  The movement of spicules is guided by a sclerotized plate-like structure, the gubernaculum. It is guiding 

structure for spicules. 

(7) Bursa or Caudal alae 

  A flap like structure called bursa is usually present covering the tail region. Bursa helps to clasp the female 

during mating.  

Terminology 

 Monarchic:  The nematode may have one testis are called monarchic. e.g. Tylenchids 

 Diarchic:  The nematode may have two testis are called diarchic. e.g. Trichodorus, Meloidogyne 

 

(II) Excretory system: 

Different types of excretory systems are found in Nematodes, Vonlinstow, 1909 classified nematodes into 4 groups 

based on excretory system viz: 

1. Secerentes 2. Resorbents 3. Pleuromyarli 4. Adenophori.Now secerentes are synonymous to resorbants; 

Pleuromyarli with Adenophori. Morphologically excretory system is of two types 

(1) Renette type has large cell in the pseudo coelomic cavity known as renette or ventral gland, which is connected to 

the excretory pore by a duct Eg. 

Adenophorea 

(2) Tubular or Canalicular type : Eg. Secernentea 

Tubular type that may be 

(a) simple H shaped (Oxyuroid type) 

(b) Rhabditoid type 

(c) Ascaridid type 3 Nuclei ( Invented U shape) 

(d) Asymmetrical type or uni nucleate system. 

In tylenchida, the terminal duct points the lateral canal and there are (2) nuclei, The excretory system also plays 

important role in osmoregulation, in addition to excretion so it is called as excretory secretory system. 
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                                                       Tubular type:-  

Glandular type 

 Tylenchid type   

                                                                      

               Inverted ‘U’ shaped type               Rhabditid type               Simple ‘H’ shaped  

(III) Nervous system: 

It is not well studied in nematodes particularly in Tylenchida due to its small size. 

The central nervous system has nerve ring, associated ganglia and the ventral nerve. 

The nerve ring is broad, flat present around the oesophagus isthamas. 

In Tylenchida, it encircles the middle part of the oesophagm. 

In Dorylaimida, it is present around the narrow anterior part of oesophagus. 

Ventral nerve is a chain of ganglia. The first and largest ganglia is known as 

Retro – vesicular ganglia 
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Sensory organs 

Amphids : lateral pair of sensory organs or chemoreceptors present in the cephalic region of the nematode. They are 

larger in males than females. 

Phasmids: Paired lateral sense organs usually one on each side of tail. 

Deirids: paired papillae present in the oesophageal mid region of the body opposite to the excretory pore. Do not open 

outside Also called as Cervical papillae function as mechanoreceptors. 

Hemizonids and Hemizonion : Highly refractive biconvex structure forming a semicircle on the ventral side of the 

body and ending at the lateral fields. Hemizonion is a small nerve commisure. 

Cephalids: Highly refractive band like structure present in the cuticle dorsally. 

Caudalids: small nerve commissure in caudal region slightly posterior to anus. 

 

3.Inner body tube /  Digestive system 

 The inner body tube forms the alimentary canal or the gut of plant 

parasitic nematodes which can be divided into 3 zones;  

A. The  stomodaeum (fore-gut)  

B. The mesenteron(mid-gut) and  

C. The proctodaeum(hind-gut).  

 Stomodaeum and proctodaeum are internally lined with cuticle. 

 

(A) Stomodaeum 

  It includes the mouth and lips, the stoma and the oesophagus.  

  It starts at the oral aperture or the mouth which is located terminally and is surrounded by 6 lips 

(hexaradiate). (2 sub-dorsal, 2 sub-ventral and 2 lateral in position).  

 Stoma or Buccal cavity: The stoma, which is also called as mouth cavity or buccal cavity forms the 

feeding apparatus of nematodes mouth and it is the portion of the inner body tube lies between the 

mouth and the oesophagus.  

Stylet 

 Plant parasitic nematodes are armed with a protrusible stylet which is usually hollow and functions 

like a hypodermic needle. 

  In, Secernentea, the stylet is thought to be derived from fusion of the stomatal lining and therefore 

called as stomatostylet. 

 The stamatostylet consists of a anterior cone, a cylindrical shaft and three rounded basal knobs.  
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 In Adenophorea, the stylet is thought to be derived from a tooth and, therefore, it is called as 

odontostylet.  

 The flanges that serve as points of attachment for the stylet protractor muscles(regulate the 

movement). 

  In some plant parasitic nematodes like Trichodorousand Paratrichodorusthe odontostylet is 

distinctly curved ventrally, lacks flanges and it is not hollow.  

 In functions to pierce the cell wall of the root. 

  The nematode secrets a hollow tube out of its stoma that connect it with the plant. This feeding tube 

serves as the interface between the nematode and the plant.  

 

 

Types of Stylet 

 Stomatostlet: Stylet emerging out from mouth part or stoma of nematode. eg.  Root-knot, stunt,  

reniform nematodes. Order : Tylenchida 

 Odontostylet or Onchiostylet: Stylet emerging out from Oesophagus of nematode eg. Dagger 

nematode, Needle nematodes. Order: Dorylaimida. 
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Fig.Odontostylet or Onchiostylet                             Stomatostylet 

 

 Solid or curved stylet: Stubby root nematode. Order: Dorylaimida 

 

Oesophagus or pharynx is basically a pumping organ which sucks in and pushes the ingested food material into 

the intestine.  

 In Adenophorea, the oesophagus is divided into a narrow anterior procorpus and a broad posterior 

corpus. Three to five oesophageal gland cell empty into the lumen one dorsal and two to four subventral in 

position. 

 

Fig. Types of Oesophagus 
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   In Secernentea the oesophagus is divided into three distinct regions(Tripertile), such as narrow procorpus, 

followed by a broad muscular median bulb or pump, a narrow isthmus and gland lobe.The gland lobe may 

overlap the intestine in some genera and contain three to six gland cells (One dorsal and tow dub – ventral).  

  The oesophagus has valve (cordia) at the posterior end which prevents the regurgitation of food.  

 

(B) Mesenteronor  Intestine 

  It consists of a simple straight tube i.e. the intestine running most of the length of the body.  

 The intestine is generally divided in to three region anterior or ventricular region, the mid intestinal region and 

posterior pre-rectal region.  

 The microvilli are finger like projection of the plasma membrane projecting in to the intestinal regions. They 

increase the surface area of the intestine and are both secretary and absorptive in function. The whole intestine 

is separated from the pseudocoelom by a basement membrane. The food moves in the intestine by the 

ingestion of more food and also by locomotory activity of the nematode.  

 

Proctodaeum 

 Proctodeum comprises rectum and anus.  

 The intestinal tube is connected with a narrow small tube at the posterior end, through a valve known as 

rectum. It regulates the flow of undigested food material which is to be passed outside the nematode body 

through a ventrally located aperture known as anus.  
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  In case of males, the reproductive system joins the rectum to form a common tube called cloaca, which opens 

to the outside through cloacal aperture on the ventral side and serve as common opening for digestive and 

reproductive systems. 

 

 

 

 

Glands   

 Oesophageal and rectal glands are present in nematodes. The oesophagealgland enter 

the stomodeum and rectal gland enter  proctodeum. 

                                                                                                               Rectal    glands  

  Rectal glands responsible for the copious production of gelatinuous     

mucopolysacccharide matrix in which eggs are deposited as a mass.  

 It protects the eggs from adverse environmental conditions.  
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Function of Digestive system  

 Digestive juices which is secreted from dorsal oesophageal glands are injected into the host plant cell by means of 

the stylet. During feeding, a distinct zone develop around the feeding site in the host cell. There are two feeding 

phases- 1) Injection phase or salivation phase and 2) Ingestion phase.  

1) Injection phase or salivation phase: During this phase, the flow of salivary juices into the host cell occurs due to 

contraction of lateral muscle of the median bulb.  

2) Ingestion phase: During this phase, rhythmical contraction of the posterior part of oesophagus associated with the 

median bulb occurs 

 

LIFE CYCLE OF ROOT KNOT NEMATODE  

           The life cycles of root-knot (Meloidogyne sp.) nematodes illustrates some of the possible modifications of the 

typical life cycle. These nematodes are sedentary endoparasites. The invasive or second stage juvenile (J2) hatches 

from the egg and seeks a feeding site within a root. The juvenile molts to the J3 and begins enlarging as the 

reproductive system develops. Nematodes which become females are no longer able to leave the root. They continue 

to enlarge as they go through the J3 and J4 stages. During this time, cells around the head of the nematode enlarge to 

form nurse cells or giant cells. For root-knot nematode, galls will typically develop on the root. Upon becoming 

adults, root-knot nematodes will begin to lay eggs (up to several hundred) which are contained in a gelatinous matrix 

at the posterior end of the body. The egg mass may be within the root or partly or wholly exposed on the root surface 

while the swollen body of the female remains within the root. Eggs in matrices often remain attached to root 

fragments in the soil after the female dies. Root-knot egg and juvenile populations decline by up to 70 to 90 percent 

during winter in the absence of reproduction. This poor survival is compensated by a very wide host range that enables 

overwintering juveniles and those hatching from eggs in spring to reproduce on crop or weed hosts that are present 

during spring an summer.  

 

 

http://nematology.ucdavis.edu/faculty/westerdahl/courses/lifecycles/hsrkn.GIF
http://nematology.ucdavis.edu/faculty/westerdahl/courses/lifecycles/hsrkn.GIF
http://nematology.ucdavis.edu/faculty/westerdahl/courses/lifecycles/hsrkn.GIF
http://nematology.ucdavis.edu/faculty/westerdahl/courses/lifecycles/hsrkn.GIF
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TAXONOMY AND CLASSIFICATION 

Taxonomy: Law of arrangement of living. 

Taxonomy and systematics = these terms are largely synonymous. Taxonomy deals with identifying, naming and 

classifying organisms, whereas systematics has a broader definition and includes aspects of the phylogeny, evolution, 

biogeography, genetics and physiology of the organisms.  

Classification: The arrangement of animals and plants in taxonomic groups according to their observed similarities 

(including at least kingdom and phylum in animals, division in plants, and class, order, family, genus, and species). 

Nematodes are placed in the group invertebrata, 

 Kingdon Animalia. Under separate phylum, Nemata/Nematoda, which consist of two classes, Secernentea and 

Adenophorea.       

Taxonomic Classification of Nematodes 

 

 

Difference/Diagnostic characters of class Secernentea and Adenophorea 

Secernentea (Phasmida) Adenophoreea (Aphasmida) 
Amphidial opening is on the head near the lip 

region.  

Amphids open behind the head i.e. post labial  

Lateral canals open into the excretory  

duct  

Lateral canals and excretory duct end  

in a cell  

Oesophagus is divided into procorpous, median 

bulb, isthmus and basal bulb.  

Oesophagus is cylindrical with an  

enlarges glandular base  

Male tail with bursa (Caudal alae)  Male tail lacks bursa but posses genital papillae.  

Glands are absent  Caudal glands are present  

Phasmids are present  Phasmids are absent  

The mesenterial tissues are less developed  The mesenterial tissues are well  
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TAXONOMIC CLASSIFICATION OF SOME IMPORTANT  PLANT PARASITIC NEMATODES 

KINGDOM ;Animalia          PHYLUM; Nematoda 

Genus family Super family Sub order Order Class 

Meloidogyne, 

Globodera, 

Heterodera 

Heteroderidae Heteroderoidea Tylenchina Tylenchida Scerernentea 

Rotylenchulus Nacobbidae 

Ditylenchus, 

Anguina 

Tylenchidae Tylenchoidea 

Pratylenchus, 

Radopholus 

Pratylenchidae 

Holplolaimus Hoplolaimidae 

Aphelenchoides Aphelenchidae Aphelenchoidea 

Xiphinema, 

Longidorus, 

Longidoridae Dorylaimoidea 

 

 

Dorylaimina Dorylaimida Adenophorea 

Trichodorus, 

Paratrichodorus 

Trichodoridae Trichodoroidea 

 

 

Taxonomic/Systematic position Suffix end of Tylenchus filiformis parvus.  

Taxonomic category                                                Suffix                                                                Name  
Kingdom                                                                      variable                                                     Animalia  

Phylum                                                                        -a                                                               Nematoda  

Class                                                                             -ea                                                            Secernentea  

Subclass                                                                       -ia                                                            Tylenchia  

Order                                                                            -ida                                                          Tylenchida  

Suborder                                                                      -ina                                                          Tylenchina  

Superfamily                                                                 -oidea                                                      Tylenchoidea  

Family                                                                            -idae                                                       Tylenchidae  

Subfamily                                                                      -inae           Tylenchinae  

Tribe                    -ini                   Tylenchini  

Genus       variable           Tylenchus  

Species       variable*           filiformis  

Subspecies      variable*           parvus 
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NEMATODE MANAGEMENT 

Plant parasitic nematodes can be controlled by several methods. The nematode control aims to improve growth, 

quality and yield by keeping the nematode population below the economical threshold level. The control measures to 

be adopted should be profitable and cost effective. It is essential to calculate the cost benefit ratio before adopting 

control measures.  

The nematode management methods are  

1. Regulatory (Legal) method  

2. Physical method  

3. Cultural method  

4. Biological method  

5. Chemical method  

 

 

1. Regulatory Method 

Regulatory control of pests and diseases is the legal enforcement of measures to prevent them from spreading or 

having spread, from multiplying sufficiently to become intolerably troublesome. The principle involved in enacting 

quarantine is exclusion of nematodes from entering into an area which is not infested, in order to avoid spread of the 

nematode Quarantine principles are traditionally employed to restrict the movement of infected plant materials and 

contaminated soil into a state or country. Many countries maintain elaborate organizations to intercept plant shipments 

containing nematodes and other pests. Diseased and contaminated plant material may be treated to kill the nematodes 

or their entry may be avoided. Quarantine also prevent the movement of infected plant and soil to move out to other 

nematodes free areas.  

Plant Quarantine in India  

The Destructive Insects and Pests Act, 1914 (DIP) was passed by the Government of India which restricts introduction 

of exotic pests and disease into the country from abroad. The agricultural pests and disease acts of the various states 

prevent interstate spread of pests within the country. The rules permit the plant protection advisor to the government 

of India or any authorizes officer to undertake inspection and treatments. Strict regulations have been made against G. 

rostochiensis, the potato cyst nematode and Rhadinaphelenchus cocophilus, the red ring nematode of coconut. 

Domestic quarantine regulations have also been imposed to restrict the movement of potato both for seed and table 

purposes in order to present the spread of potato cyst nematode from Tamil Nadu to other states in India.  

2. Physical control 

It is very easy to kill the nematodes in laboratory by exposing the nematodes to heat, irradiation and osmotic pressure 

etc., but it is extremely difficult to adopt these methods in field conditions. These physical treatments maybe 

hazardous to plant or the men working with the treatments and the radiation treatments may have residual effects  

Heat treatment of soil  

Sterilization of soil by allowing steam is a practice in soil used in green house, seed beds and also for small area 

cultivation. Insects, weed seeds, nematodes, bacteria and fungi are killed by steam sterilization. In such cases steam is 
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introduced into the lower level of soil by means of perforated iron pipes buried in the soil. The soil surface needs to be 

covered during steaming operation. Plastic sheets are used for covering. In the laboratory and for pot culture 

experiments autoclaves are used to sterilize the soil.  

Hot water treatment of planting material 

 Hot water treatment is commonly used for controlling nematodes. Prior to planting the seed materials such as banana 

corms, onion bulbs, tubers seeds and roots of seedlings can be dipped in hot water at 50 – 55 ˚C for 10 minutes and 

then planted.  

Irradiation  

Irradiation also kills the nematode. Cysts of G. rostochiensis exposed to 20,000 Ỵ contained only dead eggs and at 40, 

000 Ỵ exposure, the eggs lost their contents. Ditylenchus myceliphagus in mushroom compost exposed to Ỵ rays 

between 48,000 to 96,000 Ỵ inactivated the nematodes. UV light also kills the nematodes. But this irradiation is not 

practically feasible under field conditions.  

Osmotic pressure  

Feder (1960) reported 100% nematode mortality when sucrose or dextrose was added to nematode infested soil @ 1 to 

5% by weight. But these methods are not practical and economical.  

Washing process  

Plant parasitic nematodes are often spread by soil adhering to potato tubers, bulbs and other planting materials. 

Careful washing of such planting material helps to avoid the nematodes in spreading in new planting field. Washing 

apparatus for cleaning potato and sugar beet tubers are commercially developed and are being used in many countries.  

Seed cleaning  

Modern mechanical seed cleaning methods have been developed remove the seed galls from normal healthy wheat 

seeds.  

Ultrasonic  

Ultrasonic have little effect on Heterodera spp. The use of this ultrasonic is not practically feasible.  

3. Cultural methods 

Cultural nematode control methods are agronomical practices employed in order to minimize nematode problem in the 

crops.  

Selection of healthy seed material  

In plants, propagated by vegetative means we can eliminate nematodes by selecting the vegetative part from healthy 

plants. The golden nematode of potato, the burrowing, spiral and lesion nematodes of banana can be eliminated by 

selecting nematode free plant materials. The wheat seed gall nematode and rice white tip nematode can be controlled 

by using nematode free seeds.  

Adjusting the time of planting  

Nematode life cycle depends on the climatic factors. Adjusting the time of planting helps to avoid nematode damage. 

In some cases crops may be planted in winter when soil temperature is low at that time the nematodes cannot be active 

at low temperature. Early potatoes and sugar beets grow in soil during cold season and escapes cyst nematode damage 

since the nematodes are not that much active, to cause damage to the crop during cold season.  

Fallowing  



50 
 

Leaving the field without cultivation, preferably after ploughing helps to expose the nematodes to sunlight and the 

nematodes die due to starvation without host plant. This method is not economical.  

Deep summer ploughing  

During the onset of summer, the infested field is ploughed with disc plough and exposed to hot sun light, which in 

turn enhances the soil temperature and kills the nematodes.  

Solarisation of soil: Exposure of soil covered with polythene cover during April- June will effectively reduce 

nematode population in soil. 

For raising small nursery beds for vegetable crops like tomato and brinjal seed beds can be prepared during summer, 

covered with polythene sheets (25 micronLLDPE) which enhance soil temperature by 5 to 10˚C which kills the 

nematodes in the seed bed. This method is very effective and nematode free seedling can be raised by soil solarization 

using polythene sheets.  

Manuring :Raising green manure crops and addition of more amounts of farm yard manure, oil cakes of neem and 

castor, pressmud and poultry manure etc enriches the soil and further encourages the development of predacious 

nematodes like Mononchus spp. and also other nematode antagonistic microbs in the soil which checks the parasitic 

nematodes in the field.  

Flooding :Flooding can be adopted where there is an enormous availability of water. Under submerged conditions, 

anaerobic condition develops in the soil which kills the nematodes by asphyxiation. Chemicals lethal to nematodes 

such as hydrogen sulphide and ammonia are released in flooded condition which kills the nematodes.  

Trap cropping  :     Two crops are grown in the field, out of which one crop is highly susceptible to the nematode. 

The nematode attacks the susceptible crop. By careful planning, the susceptible crop can be grown first and then 

removed and burnt. Thus the main crop escapes from the nematode damage. Cowpea is highly susceptible crop can be 

grown first and then removed and burnt. Cowpea is highly susceptible to root-knot nematode and the crop can be 

destroyed before the nematodes mature.  

Antagonistic crops :Certain crops like mustard, marigold etc have chemicals or alkaloids as root exudates which 

repel or suppress the plant parasitic nematodes. In marigold (Tagetes spp.) plants the α – terthinyl and bithinyl 

compounds are present throughout the plant from root to shoot tips. This chemical kills the nematodes. In mustard 

allyl isothiocyanate and in pangola grase pryrocaterchol are present which kills the nematodes. Such enemy plants 

can be grown along with main crop or included in crop rotation.  

Removal and destruction of infected plants / Sanitation :Early detection of infested plants and removal helps to 

reduce nematode spread. After harvest the stubbles of infested plants are to be removed. In tobacco, the root system is 

left in the field after harvest. This will serve as an inoculum or the next season crops. Similarly in D. angstus the 

nematode remains in the left out stubbles in the field after harvest of rice grains. Such stubbles are to be removed and 

destroyed and land needs to be ploughed to expose the soil.  

Use of resistant varieties:  Nematode resistant varieties have been reported from time to time in different crops. Use 

of resistant varieties is a very effective method to avoid nematode damage. 

Crop  Resistant variety  Against nematodes  

Barley  C-164, Rajkiran, BH-75  Heterodera avenae  

Citrus  Trifoliate orange  Tylenchulus semipenetrans  

Coffee  Robusta root stock  Pratylenchus coffeae  

Potato  Kufri swarna  Globodera rostochiensis  

Tomato  SL-120, PNR-7, Hisar lalit, Nemared, Nematex, 

Atkinson  

Meloidogyne spp.  

Tobacco  GT-5, ABT-10  Meloidogyne incognita, M. 

javanica  

Cow pea  GC-1  Meloidogyne sp. 
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4.BIOLOGICAL CONTROL 

Biological control aims to manipulate the parasites, predators and pathogens of nematodes in the rhizosphere in order 

to control the plant parasitic nematodes. Addition of organic amendments such as farm yard manure, oil cakes, green 

manure and pressmud etc encourages the multiplication of nematode antagonistic microbes which intern checks the 

plant parasitic nematodes.  

The addition of organic amendments acts in several ways against the plant parasitic nematodes. Organic acid such as 

formic, acetic propionic and butric acids are released in soil during microbial decomposition of organic amendments. 

Ammonia and hydrogen sulphide gases are also released in soil during decomposition. These organic acids and 

gases are toxic to nematodes.  

Nematode antagonistic microbes multiply rapidly due to addition of organic matter.  

Organic amendments improve soil conditions and help the plants to grow. The organic matter also provides nutrition 

for the crops plants.  

Predacious fungi :Most of the predacious fungi come under the order Moniliales and phycomycetes. There are two 

types of predacious activities among these fungi. They are nematode trapping fungi and endozoic fungi.  

Non-constricting rings :The trap is formed similar to the constricting ring. It is a non – adhesive trap. The reing 

becomes an infective structure and kills the nematode eg. Dactylaria candida. In addition to formation of traps and 

adhesive secretions, the predacious fungi may also produce toxin which kills the nematodes.  

Endozoic fungi :The endozoic fungi usually enter the nematode by a germ tuber that penetrates the cuticle from a 

sticky spore. The fungal hyphae ramify the nematode body, absorb the contents and multiply. The hyphae then emerge 

from dead nematode. Catenaria vermicola often attacks sugarcane nematodes. Pasteuria penetrans was found to be 

very effective against the root-knot nematodes in many crops. The P. penetrans infested J2 of root knot nematodes can 

be seen attached with spores throughout the cuticle.  

 Oppurtunistic fungi- Colonize nematodes 

Eg: Paecilomyces lilacinus   (Trade name Yorker) 

 Bacteria: 

Eg: - Pseudomonas flourescens 

Parasitic protozoa - Duboscquia penetrans 

Predaceous nematodes - Mononchus,Diplogaster vorax, 

 

5.Chemical control 

History  

Kuhn (1881) first tested CS2 to control sugarbeet nematode in Germany and he could not get encouraging results. In 

South Carolina State, U.S.A. Bessey (1911) treated CS2 or the control of root-knot nematodes but the method proved 

impractical. Latter on the chemicals like formaldehyde, cyanide and quick line were observed to have nematicidal 

properties, but all these chemical were found to be highly expensive. Mathews (1919) observed the effect of 

chloropicrin (tear gas) against plant parasitic nematodes in England. Carter (1943) an entomologist of Hawai, 

Pineapple Research Institute, reported the efficacy of 1,3 dichoropropene 1,2 dichloropropane (DD) mixture@ 250 

1b/acre, against the plant parasitic nematodes. In 1944, scientists from California and Florida states of USA reported 

the efficacy of ethylene dibromide (EDB). In the same year the Dow Chemical company, USA introduced the 

chemical as a soil fumigant for the management of nematodes. The introduction of these two nematicides viz., DD and 

EDB paved way for the chemical control of nematodes. 
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Classification of Nematicides 

 

 

FUMIGANTS 
o Non-systemic 

o Highly volatile 

o Mostly available in gaseous forms 

o Less persistent 

o Phytotoxic, cannot be applied in standing crops 

o Surface seal required soon after application 

o Hazardous to human beings 

 

 

         --------------------------------------------- 

NON FUMIGANTS 
o Systemic 

o Non volatile 

o Available in granular forms 

o More persistent 

o Less phytotoxic, can be applied in 

standing crops 

o Do not require 

o Can be applied as spot , strip, seedling 

dip, nursery bed, seed coating & seed 

soaking 

        

     ---------------------------------------------- 

 

Halogenated 

hydrocarbons  
1. D.D.(1.3-

dicloropropene 1-2 

dichloropropane)  

2. EDB (Ethene di-

bromide)  

3. D.B.C.P. (Di-bromo 

cloropropane)  

4. M.Br.(Methyl 

bromide)  
5. CS2(Carbondi-

sulphide)  

6. Chloropicrin  
 

Methyl iso-thiocynate  
Liberators(MIT)  

1.Dazomet  

2.Metham sodium  

Organophosphate  
1. Phenamiphos  

2. Fensulphothion  

3. Ethoprop  

4. Phorate  

5. Thionazin  

6. Dichlorofenthion  

 

Oxime carbamates 
1. Carbofuran 

2. Methomyl 

3. Oxamul 

4. Aldicarb 

5. Aldicarb sulphone 

5. Benfuracarb 

Description of some important nematicides  

Ethylene dibromide (EDB) : 1.2 Dibromonehane. It is a colourless liquid and the gas in non- inflammable. It is 

available ad 83% liquid formulation containing 1.2 kg active ingredient per litre and as 35% granules. It is injected or 

dibbled into the soil for the control of nematodes at 60 to 120 1 or 200 kg ai/ha but it is not very effective against cyst 

nematodes Heterodera spp. and soil fungi. Crops like onion, garlic and other bulbs should not be planted after soil 

treatment with EDB. It is available as Bromofume and Dowfume.  

Dibromochloropropane (DBCP): 1,2 – dipromo – 3 – chloropropane. It is a straw coloured liquid, a litre of it 

weighing 1.7 kg. It can be used s soil treatment before planting, at the time of planting or as post when the soil 

temperature is above 20˚C. It is applied as a sprinkle depending upon the crop and stage. Certain crops like tobacco 

and potato are sensitive due to high bromine content in the chemical. It functions more efficiently than other fumigant 

at high soil temperature due to its high boiling point (195.6˚C). trade names are Nemagon and fumazone.  

DD mixture: It is the trade name of the mixture of compounds, chief of them contain thecis and the trans isomers in 

equal quantities of 1,3 – dichloropropene 30.35%, and a few other chlorinated compounds up to about 5%. Of these, 

dichloropropene is the most toxic component and among its two isomers, the transisomer is twice as toxic as the cis-

isomer. It is a black liquid of 100% formulation and a litre of it contains approximately 1kg of technical compounds. It 

is used in the control of soil insects and nematodes and injected into the soil at a depth of 15 -20 cm at 25 x 30 cm 

spacing. It is a fungicide a very high diseases. Since it is highly phytotoxic, it is used for preplant soil application at 

least 2 -3 weeks before planting. It is used for preplant soil application at least 2 -3 weeks before planting. It is used as 

such at 225 – 280 1/ha, but in clay and peaty soils a higher dosage is required. It taints potato tubers and carrots grown 
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in treated soil. Dichloropropence is available under the trade name Telone and in mixture with dibromoetane under the 

name Dorlane.  

Methyl bromide or Bromomethane :It boils at 4.5˚C. At ordinary temperatures it is a gas and therefore, confined in 

containers under pressure as a liquid. The gas is 1.5 times as heavy as air. Its insecticidal properties were described by 

Le Goupil in 19-32. Its power of penetration into packed foodstuffs such as flour is remarkable. As it kills insects 

slowly a longer period of exposure to gas may be required. For control of stored grain pests it is used at 24 – 32 g.m3, 

exposure period being 48 h. In tent fumigation for the control of termites and powder post beetles, the dosage 

recommended is 32-64 g/ m3. For fumigating live plants, the dosage is 16-32 g/ m3 some plants are likely to be 

injured. In soil application for the control of nematodes.  

Phorate : 0,0–diethyl S–(ethylthiomethyl) phosphorodithioate.  

Trade name is Thimet. It is systemic insecticide cum nematicide, available as 10% granule. It has got both contact and 

fumigant action. It does not persist for a longer period and gets metabolically oxidized yielding for rat: oral 16 – 3.7; 

dermal 2.5 to 6.2.  

Aldicarb : 2 – methyl – 2 (methilthio) propinaldehyde 0 (methylcarbomy) oxime.  

Trade name is Temik. The sulphur atom in the molecule is oxidized to sulfoxide and then to sulfone. It is a systemic 

10% granule. The residues remain in plants for 30 -35 days as a lethal dose. It also acts as repellent, contact 

nematicide and interferes with reproduction of the nematodes by way of sex reversal.  

Carbofuran: C12 H15 No3. It is 2,3 – dihydro – 2, 2, dimethyl 7 benzofuranyl methyl carbamate.  

Trade name Furadon. It is a systemic insecticide cum nematicide. It is formulated as 3% granule and also as 40F. The 

residual effect last for 30 – 60 days. It has also got phtotonic effect. This systemic chemical has got acropetal action 

and applied @ 1 -2 kg ai. /ha. 

Integrated Nematode Management 

Definition  

INM can be defined as a systems approach to reduce nematode to tolerable levels through a variety of techniques 

including predators and parasites, genetically resistant hosts, natural environmental modifications and when necessary 

and appropriate chemical nematicides.  

Integrated Nematode Management  

The grower combines several measures to prevent the growth of damaging nematode populations. Where there is an 

advisory service equipped to monitor field populations, these control measures can be utilized with minimum amounts 

of nematicides. Without advisory services, integrated control of nematode is hardly possible and relatively heavy 

dosages of chemical nematicides are employed. Decisions to implement nematode management programmes are based 

on the perceived value of the potential crop loss and the cost of the management procedure. Theoretically this involves 

determining an economic threshold. Management procedures should usually be implemented when the marginal 

revenue derived from the management input is equal to or excess the marginal cost. The design development and 

implementation of INM systems for plant protection requires extensive interaction of nematologists with scientists in 

complementary disciplines.INM includes following components.  

a. Exclusion  

Crop losses caused by plant parasitic nematodes can be avoided through preventing the introduction of specific 

nematodes or nematode problems in areas where the species do not exist. The focal point of exclusion is the target 

nematode species. Exclusion procedures should be used as first order defenses to prevent dissemination and 

establishment. Exclusion procedures include sanitation, certified plant material, nematode free soil or planting media, 
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population reduction or eradication procedures and regulatory activities. Quarantines are used to prevent or slow the 

spread of plant parasitic nematodes. Certified plant material and nematode free planting media or equipment are used 

for nematode exclusion. All available exclusion procedures should be considered in the system evaluation and design 

of the INM programme.  

b. Population Reduction  

Crop losses caused by plant parasitic nematodes can be alleviated by procedures designed to decrease population 

densities of the target species to an acceptable level. Whenever possible population reduction strategies should 

stabilize nematode population densities below the damage threshold. The focal point of population reduction is the 

target species. It is assumed that the species of concern is present and eradication is not feasible. Established nematode 

populations are usually managed through population reduction by cultural, physical, biological and chemical 

procedures. Cultural procedures include the use of fallowing, flooding, cover crops, crop rotation, planting date, 

rougeing, trap crops or weed management for population reduction. Heat is the physical factor most widely used in 

nematode population reduction. Nematode biocontrol resources include prokaryons (viruses, rickettsias and bacteria), 

nematophagus fungi and predacious, parasitic or environmental modifying invertebrates (nematodes, protozoa, mites 

etc) and antagonistic plants. Nematicides can directly or indirectly reduce populations associated with nematode 

infested materials and can be used for soil application, root tips, foliar applications or seed treatments.  

c. Tolerance  

Crop losses caused by plant parasitic nematodes can be reduced by manipulating the host in relation to its 

environment. The objective of tolerance is to elevate the damage threshold. The focal point is the host crop. 

Procedures that protect or increase plant tolerance have excellent potential for INM. These include cultural 

manipulation, chemical application, mycorrhizal colonization and resistant cultivars.  

ENTOMOPATHOGENIC NEMATODES 

(Nematoda: Rhabditida families :Steinernematidae and Heterorhabditidae)  

Entomopathogenic nematodes are a group of nematodes causing death to insects. Its a beneficial group of nematodes 

or we can say farmers friendly nematodes. The term entomo-pathogenic has a Greek origin entomon, refers to insect, 

and pathogenic, which denotes causing disease. The entomopathogenic forms are often referred to as entomogenous 

(Greek entomon = insect, genés = born), entomophagous (Greek phagein = to eat) or entomophilic (Greek philein = to 

love) nematodes.  

Although nematode species in at least 20 families are primary or facultative parasites of insects, those in the order 

Rhabditida have been most exploited as biological control agents. Entomopathogenic nematodes are soft bodied, non-

segmented roundworms that are obligate or sometimes facultative parasites of insects. They occur naturally in soil 

environments and locate their host in response to carbon dioxide, vibration and other chemical cues.  

Entomopathogenic nematodes enter the host via natural body openings or through the cuticle. Some species utilize an 

anterior stylet or a tooth to rasp the cuticle and gain entrance into the Insect. Others ingress by ovipositing on the host 

food source and the eggs hatch in the host midgut. Species in two families (Heterorhabditidae and Steinernematidae) 

have been effectively used as biological control agents in pest management programs. Entomopathogenic nematodes 

fit nicely into integrated pest management or IPM programs because they are considered non-toxic to humans, 

relatively specific to their target pest, and can be applied with standard pesticide equipment.  

 

Life Cycle  

• The infective juvenile stage (J1) is the only free living stage of entomopathogenic nematodes.  
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• The juvenile stage penetrates the host insect via the spiracles, mouth, anus, or in some species through 

intersegmental membranes of the cuticle and then enters into the Insect.  

• The juvenile stage release cells of their symbiotic bacteria from their intestines into the Insect.  

• The bacteria multiply in the insect hemolymph and the infected host usually dies within 24 to 48 hours.  

• After the death of the host, nematodes continue to feed on the host tissue, mature and reproduce.  

• The progeny nematodes develop through four juvenile stages to the adult.  

• Depending on the available resources one or more generations may occur within the host cadaver and a large number 

of infective juveniles are eventually released into environment to infect other hosts and continue their life cycle.  

 

 

INTEGRATED NEMATODE MANAGEMENT (INM) STRATEGIES 

For Nursery (Transplanted crops):-  

 Keep nursery area fallow (2-3 months)  

 Deep summer ploughing (2-3 ) April-May  

 Grow non-host or antagonistic crops  

 Soil solarization- 100 gauge LLDPE for 20 days  

 Follow rabbing at 7 kg(husk)/m3  

 Use resistant varieties  

 Green manuring with sunhemp  

 Use bioagents like P. lilacinus, T. viride,T. plus, P. fluorescens at 10 to 20 g/m2  

 Use effective nematicides like carbofuran 3 G or phorate 10 G at 1 to 2 kg a.i. /ha.  

 

For Field Crops:-  
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 Keep the field fallow (2-3 months)  

 Deep summer ploughing (2-3) April-May  

 Flooding (2-3 months)  

 Crop rotation  

 Field sanitation  

 Healthy planting material  

 Resistant varieties  

 Green manuring with sunhemp  

 Grow trap crop, non-host or antagonistic crops  

 Inter or mixed crops with marigold  

 Use FYM or compost at 20-25 t/ha  

 Use non-edible oil cakes at 1 to 2 t/ha  

 Use bioagents like P. lilacinus, P. fluoreascens, T. plus, T. viride at 5 kg/ha  

 Seed treatment with carbosulfan 25 DS at 3 % w/w  

 Seedling root dip with carbolsulfan 25 EC at 0.05 % for 4 to 6 hours.  

 Seed soaking with carbonsulfan 25 EC at 0.05 % for 12 hours.  

 Soil application of carbolfuran 3G, phorate 10 G at 2 to 4 kg a.i./ha. 

 

 

 


