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EXERCISE 1

GENERAL INTRODUCTION

Nematode: Generally microscopic, wormlike, triploblastic, bilaterally symmetrical, multicellular, 
non segmented, pseudocoelomate invertebrate that live saprophytic ally in soil or water of as 
parasites of plant or animal. 

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 first ever plant parasitic nematode was observed by Needham in 1743 from UK in seed galls of 
wheat (Anguina tritici). He observed nematodes in thousands from the infected seeds of the wheat. 

N.A. Cobb is considered as Father of Nematology in USA as he began the work on the discipline in 
the USA. 

General characteristics of the Nematodes 

• Nearly microscopic 

• Unsegmented 

• Wormlike in appearance (pseudoworm) 

• Highly developed pseudo-coelomates 

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

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

• 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 

• 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.

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. 

 The most authentic nematode fossils have been preserved in amber, but there are also others like the 
putative nematode Captivonema cretacea found in a clitellate cocoon from the Early Cretaceous 
(some 120 million years old). Consequently the fossil record is not helpful in reconstructing the 
relationships of the Nematode.

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. 

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. 
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Genera of the most common PPN 

• 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 Rotylenchus spp. 

• 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 on sugar beet 

• Golden cyst nematode Globodera rostochinensis
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EXERCISE 2

SURVEY AND SAMPLING TECHNIQUES FOR NEMATODE ESTIMATION 

Survey : Survey word is made up of two word Sur = Over means a general view or collection of data 
for mapping and vey mean Video mean to see. 

Surveillance : Repeated or sequential survey of the same place or locality for some observations to 
ascertain the changes of fluctuations in the objects study. 

Principles of survey 

1. Qualitative survey - involves identification of different species 

(A) Extensive - covering vast area for preliminary assessment. 

(B) Intensive - More accurate for detailed knowledge. 

2. Quantitative survey - involves the estimation of population of one or more species of 
nematode. 

(A) Extensive - covering vast area for preliminary assessment. 

(B) Intensive - More accurate for detailed knowledge. 

Objectives of survey : 

• to obtain a general idea about the occurrence of free living and parasitic nematodes in a 
particular locality. 

• to obtain information about distribution and frequency of a particular disease or a nematode 
species in a given locality. 

• to obtain an insight into association of one or more nematode species with different crops and 
their population densities in different periods of the year. 

Methods of survey :

Following steps are involved in survey. 

1. Collection of plant and soil samples and recording the relevant information. 

2. Storing of samples. 

3. Processing samples for nematodes extraction. 

4. Estimation nematode  populations of different genera. 

5. Identification of important and prevalent species.  

1. Collection of plant and soil samples :

There is no extraordinary developments in the technology of soil sampling devices. The cylindrical 
tube-type samplers or half-cylindrical boring tool and augers designed by soil scientists still serve as 
standard equipment for many nematologists. 

In the absence of a proper soil sampler, a trowel or a khurpi can well serve the purpose. When root and 
soil samples are required from greater depths, a shovel may be needed. 

2. Sampling procedure :

For collecting the plant and soil samples from infected fields, top soil from around the plants should 
be removed first, then, plant should be taken out by digging the soil up to the depth of the tilth (20 to 
30 cm) so as to get the roots intact. The plants samples should be kept in a polythene bags and labelled 
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After collection of samples (soil or plant) recording relevant information on collected samples 
are necessary which are as follow: 

(1) Name of farmer : 

(2) Village : 

(3) Block/Taluka : 

(4) Dates : 

 (a) Collection of samples : 

 (b) Extraction of samples : 

 (c) Estimation of samples : 

(5) Details of samples : Roots/soil 

(6) Quantity of sample (Fresh weight) : 

(7) Condition at sampling : 

 (a) Soil : Surface cracked/dry/saturated/flooded. 

  Sandy loam/ Clayey/ Loam. 

 (b) Crop : Date of sowing/ planting/ dibbling. 

  Age of crop : 

  Variety : 

  Stage of growth: 

  Symptoms : Stunting, Yellowing etc. 

  Root galls, lesions, root necrosis etc. 

(8) Management practices : 

 (a) Name of weed present: 

 (b) Weeds intensity : Few/ moderate/ high. 

 (c) Fertilizers applied : 

  (I) Quantity : 

  (II) Time : 

  (III) Method : 

 (d) Weedicide applied : 

  (I) Name of Weedicide : 

  (II) Time : 

  (III) Method :  

  (IV) Quantity : 

 (d) Irrigated/ Non-irrigated 

(9) Previous crop : 

(10) Plant protection measures taken : 

 (a) Nematicide/ insecticide applied 

 (b) Quantity applied 

 (c) Time 

 (d) Method 

 (e) Nematicide/ insecticide applied in the previous crop : 

(11) Soil borne diseases present (if any) :

properly. Several such sub-samples from a field should be taken out and mixed together to make a 
composite bulk of at least 1000 g of soil and kept in properly labelled polythene bag. 

Samples to be drawn from at least 25, preferable 50, points per field up to 10 acres, subdividing larger 
fields and that the points should be systematically located on a grid pattern. When following 
population trends it is advantageous to sample from the same points on each occasion. A total of at 
least 1 kg, preferably 2.5 kg should be taken from the field and at least 1000g, preferably 200 g, 
examined in the laboratory. 

While taking samples from standing crop it is sufficient to take 20 sub-samples at random to make a 
sample of one litre. This is needed to keep the variability coefficient at its minimum level. 

From a field having patchy growth, one samples from poor patch, second at the junction of poor and 
healthy plants and third from healthy plants is needed. Two to three such lots should be examined. 

Soil samples should be taken out from deeper depths of feeder roots in case of woody and perennial 
plants.  

According to "Dutch method", 200 samples are taken from 1 ha of soil with a soil borer, which 
corresponds to a 6m x 8m grid. In Dutch method sampling should be commence from the long side of 
the field at distance of 3 m from the edge, and soil removed at a depth of 5 cm parallel to the edge 
every 8m. The next row of samples should be taken at a distance of 6m from the preceding one. From 
each hectare 4 average samples (consisting of 200 to 500 cm3 of soil each) should be selected and 
stored. When soil and roots samples are taken from suspect areas, plants that are dead or nearly so 
should be avoided, as nematode populations associated with these plants may already have begun to 
decrease. The selection of living plant material showing symptoms is therefore important. 

When samples are taken in fallow areas with a poor crop yield history, the sampling should normally 
be carried out at depth between 22 to 30 cm below the soil surface. 

In general, 20 sub-samples are taken to make a composite sample. Location of these sub sample sites 
in serpentine fashion has been satisfactory. The objectives is to obtain as near as possible samples that 
will be representative of nematodes population within specified areas. 

Root samples 

1. Plants must be carefully dug to retain as much of root system and surrounding soil as possible. 

2. In large plants above method is impractical hence, portions of roots system with surrounding 
soil are sufficient. 

3. Root and soil samples from fruit and shade trees should be taken in the feeder root zone. 

Samples from above ground portions of plant material 

Some time stem, leaf, flower and fruit may be infected with nematodes. In this case, the entire plant 
should be submitted for examination. For larger plants, only infected parts should be collected. 

i.e. White tip diseases of rice, Ear cockle diseases. 
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EXERCISE 3

EXTRACTION OF NEMATODES FROM THE SOIL BY COMBINED COBB'S 
DECANTING SIEVING METHOD

N.A. Cobb, Father of Nematology devised a method for the isolation of nematode from the soil and 
plant materials. Since this method utilize different pore sized sieve, this is popularly known as 
Cobb?s decanting sieving method. The sieving method is based on the fact that when a small soil 
sample, such as 300cm3, is mixed with considerably more water, e.g., 2 litres, the nematodes float in 
the water and can be collected on sieves with pores of certain sizes. 

Different steps followed for the isolation of nematode by the methods area as follows 

1. Take around 100 g or one hand full soil from which the nematodes need to be isolated. 

2. Mix around 1.5 to 2 litres of water into this and break all the soil clumps 

3. Allow it to stand for 30-60 sec to settle heavy materials on the bottom 

4. Take a sieve of 20 mesh (20 holes per sq inch) and stir this mixture through it. This will hold 
large debris, fauna, flora and other contaminant 

5. This step can be followed 2-3 times if required. 

6. Pour the liquid into 60 mesh sieve. This will retain large nematode and other large debris. 
Small nematodes, other small sized soil particles and contaminants will pass through the sieve 
in another bucket. 

7. This step can also be followed 2-3 times if required to remove as much debris as possible. 

8. The flow through is then passed through a 200-mesh sieve, which holds the small nematodes 
and some debris. 

9. Left out material on the sieve is collected in a beaker or Petri plate of some other container by 
adding little water and decanting it. If excess water will be added in this step, it will reduce the 
concentration of the nematodes. 

10. A small drop of this solution is taken and observed under the microscope to see the nematodes. 

11. For further cleaning of nematodes collected through the Baermann funnel or the sieving 
method, the nematodes are subjected to a combination of centrifugal flotation in a sugar 
solution as described in the another exercise. 

Advantages : 1. Large quantity of soil can be processed. 

  2. Inactive nematodes of cysts also can be isolated. 

  3. Different size of nematodes can be separated. 

Disadvantages : This method is time consuming.



10 11

EXERCISE 3
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EXERCISE 4

EXTRACTION OF NEMATODES FROM THE PLANT TISSUE FOLLOWING 
BAERMANN FUNNEL TECHNIQUE 

This method was developed by Baermann. He used a funnel to isolate nematode which are more 
active therefore, knows as Baermann funnel method. The method consist fairly large glass funnel (12 
to 15 centimetres in diameter) to which a piece of rubber tubing is attached, with a clamp placed on 
the tubing. The funnel is placed on a stand and filled with water. The funnel is kept undisturbed over 
night. Live and active nematodes are collected by opening the clamp of the rubber tube and collecting 
first few ml of the water. 

Procedure for the isolation of nematode by using BarmanN's funnel method 

1. Take a plant samples. Since most of the nematodes are inhabited in the underground part, 
generally root portion showing typical symptoms are collected and taken for the purpose. 
However, for the areal nematode (Aphelenchoides) foliar part is taken. 

2. If the nematodes is to be isolated from the soil sample, the soil sample can be kept in the funnel 
are putting it in the porous cloth. 

3. Chop the sample into small pieces. The sample can be ground in electric mixture. 

4. Keep the sample in porous cloth or blotting sheet. The sample can be kept on net made up of 
wire gauge. This is kept in funnel. 

5. Fix the funnel on the stand. 

6. A rubber tube is fixed in the down side of the funnel and clamp is attached in such a way that 
water does not leak from it. 

7. Fill the funnel with water and keep it over night without disturbing the funnel set. 

8. Next day first few ml (approx 3-5 ml.) of water from the attached rubber tube by opening clip 
is taken. 

9. Maximum nematodes (90 per cent of the active nematodes) are collected from the first few ml 
of the water. 

10. The nematodes are examined from the collected water under the microscope.  

Advantages 

1. This method is appropriate for extracting only actively moving nematodes from soil. 

2. Recovery of second stage juveniles is enhanced with this method because eggs will hatch. 

3. Very easy and simple method. 

4. It is also used for extraction of nematodes from plant tissues. 

Disadvantages 

1. Nematodes can be extracted from only a small quantity of soil by this method. 

2. High mortality of nematodes due to poor oxygenation at the base of funnel. 

3. Lodging of nematodes on the sloping funnel slide.
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EXERCISE 5

COUNTING AND ESTIMATION OF PLANT PARASITIC NEMATODES 

1. Extract nematodes from soil or plant tissues by appropriate technique. 

2. Take aqueous nematodes suspension and add water to make 100 ml 

3. After thorough mixing, take 5 ml from above suspension in counting dish. 

4. Put the dish under stereo binocular microscope and count the number of nematodes of 
different genera. 

5. Calculate total number of nematodes by multiplying the nematode figure by 20. 

6. For identification of species, pick up few nematodes by picking needle in a drop of water on 
glass slide and put a cover slip. 

7. View the nematodes under high magnification on Research microscope and identify on the 
basis of different morphological characters. 

Extracting Nematodes from Soil Samples 

1) collect soil from around plant roots 

2) wrap a small handful of soil in two layers of facial tissue 

3) place the wrapped soil in a small dish on top of a mesh or screen. Add water so that the mesh is 
slightly covered with water and the soil contacts the water. 

4) let sit 1-3 days to allow the nematodes to crawl out of the soil. Make sure the sample stays in 
contact with the water - do not let the dish become dry. Covering the dish with plastic wrap or 
foil will help prevent drying. 

5) remove the bundled soil from the dish and observe the water in the dish using a binocular 
dissecting microscope (you will even be able to see many nematodes with a magnifying glass.
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EXERCISE 6

PREPARATION OF TEMPORARY AND PERMANENT MOUNTS 

Temporary mounts of living, killed or freshly fixed nematodes are sometimes desirable to see certain 
structures which becomes less clear after processing to glycerol. 

Place a drop of 3% formalin (1.2% formaldehyde) or only water on a clean glass slide. Pick up 8 
nematodes from the suspension and arrange them in 2 lines in the drop. Arrange 3 glass wool pieces 
radically around the nematodes. Apply a cover slip over the drop carefully. Drain off the excess fluid. 
Seal the edge of the cover slip with a ringing medium like nail police, Zut or Glyceel. Label the slide. 
A mixture of 8 parts paraffin wax + 3 parts petroleum jelly may also be used. Rubber solution and 
Quick fix also works very well. 

(B) Anaesthetizing nematodes OR Deactivating nematodes. 

The structural characters are generally more distinct in live nematodes than in killed and fixed 
specimens. However, it is difficult and usually impossible to determine this character due to the high 
mobility of the worm; hence immobilization is required. A good relaxant is a solution of 2 drops of 
Dichloroethylether in 50 ml of water. In this fluid the nematodes lose their mobility for a period or 
several minutes, becoming active again when placed in fresh water. 

(C) Permanent mounts :

Before going to prepare permanent mounts of nematodes. Killing and fixing of the nematodes are 
important. 

Killing means the sudden and permanent termination of the life processes. 

Fixation means the preservation of all structural elements in as nearly the natural living conditions as 
possible. 

Killing of nematodes :

(1) In no. of nematodes are few. Put or transfer the nematodes on a glass slide having drop of 
water. Heated it over a small flame for 4-6 sec. until the nematodes suddenly assume the form 
which is characteristic of heat death - almost straight in some genera, curved or spiral in 
others. Watch the nematodes very carefully and remove the slide as soon as this happens 
because overheating will spoil the specimens.  

(2) To kill large sample of nematodes, take the concentrate suspension in a tube and shake the tube 
to distribute the nematodes freely in suspension and plunge it into a beaker of hot water at 
65oC for 2-4 min. until the nematodes are dead. 

(3) Keep the concentrate nematode suspension in a small glass beaker. Heat the double strength 
fixative (any fixative with amount of water reduced to ½ of the normal) to 100 ºC on a water 
bath and add equal amount of it to the nematode suspension. In this way the strength of the 
fixative reduced to normal. As the nematodes are already in the fixative, the whole suspension 
may be transferred to vials. 

Fixatives :

F. A. 4:1 or F. A. 4:10 

Formalin… 10 ml 

Glacial acetoic acid…… 1 or 10 ml 

Distilled water……. upto 100 ml 



16 17

EXERCISE 6

PREPARATION OF TEMPORARY AND PERMANENT MOUNTS 

Temporary mounts of living, killed or freshly fixed nematodes are sometimes desirable to see certain 
structures which becomes less clear after processing to glycerol. 

Place a drop of 3% formalin (1.2% formaldehyde) or only water on a clean glass slide. Pick up 8 
nematodes from the suspension and arrange them in 2 lines in the drop. Arrange 3 glass wool pieces 
radically around the nematodes. Apply a cover slip over the drop carefully. Drain off the excess fluid. 
Seal the edge of the cover slip with a ringing medium like nail police, Zut or Glyceel. Label the slide. 
A mixture of 8 parts paraffin wax + 3 parts petroleum jelly may also be used. Rubber solution and 
Quick fix also works very well. 

(B) Anaesthetizing nematodes OR Deactivating nematodes. 

The structural characters are generally more distinct in live nematodes than in killed and fixed 
specimens. However, it is difficult and usually impossible to determine this character due to the high 
mobility of the worm; hence immobilization is required. A good relaxant is a solution of 2 drops of 
Dichloroethylether in 50 ml of water. In this fluid the nematodes lose their mobility for a period or 
several minutes, becoming active again when placed in fresh water. 

(C) Permanent mounts :

Before going to prepare permanent mounts of nematodes. Killing and fixing of the nematodes are 
important. 

Killing means the sudden and permanent termination of the life processes. 

Fixation means the preservation of all structural elements in as nearly the natural living conditions as 
possible. 

Killing of nematodes :

(1) In no. of nematodes are few. Put or transfer the nematodes on a glass slide having drop of 
water. Heated it over a small flame for 4-6 sec. until the nematodes suddenly assume the form 
which is characteristic of heat death - almost straight in some genera, curved or spiral in 
others. Watch the nematodes very carefully and remove the slide as soon as this happens 
because overheating will spoil the specimens.  

(2) To kill large sample of nematodes, take the concentrate suspension in a tube and shake the tube 
to distribute the nematodes freely in suspension and plunge it into a beaker of hot water at 
65oC for 2-4 min. until the nematodes are dead. 

(3) Keep the concentrate nematode suspension in a small glass beaker. Heat the double strength 
fixative (any fixative with amount of water reduced to ½ of the normal) to 100 ºC on a water 
bath and add equal amount of it to the nematode suspension. In this way the strength of the 
fixative reduced to normal. As the nematodes are already in the fixative, the whole suspension 
may be transferred to vials. 

Fixatives :

F. A. 4:1 or F. A. 4:10 

Formalin… 10 ml 

Glacial acetoic acid…… 1 or 10 ml 

Distilled water……. upto 100 ml 



18 19

F. A. A. 

95% Ethyl alcohol……. 10 ml 

Formalin (40% Formaldihyde)……… 6 ml 

Glacial acetoic acid…… 1 ml 

Distilled water……. 40 ml 

TAF

Formalin…….. 7 ml 

Triethanolamine………. 2 ml 

Distilled water……. 91 ml 

Formaline - glycerol fixative 

(3% Formalidehyde soln + 2% glycerol) 

Formalin…….. 8 ml 

Glycerol……… 2 ml 

Distilled water……. 90 ml 

Formaline : 5 to 10% formalin (2 to 4% formaldehyde) may also be used without combining other 
reagents but the specimens tend to appear dark and granular. 

The nematode must be killed before being placed in any of the fixative except TAF fixative or they 
will shrivel. 

Nematode can also be killed with chemical reagents. A soln. of potassium iodide is a reliable reagent 
for the purpose (1 g iodine + 2g of potassium iodide are dissolved in 100 ml of distilled water and 
diluted with distilled water in a ratio of (1:1000). One drop of the diluted soln. of KI in a drop of water 
containing nematodes ensures their rapid death. 

The nematodes should be fixed immediately after killing as decomposition sets in soon and makes 
subsequent idenfication difficult. Fixation prevents decomposition and fixed specimens can be stored 
for months and years with no marked change in their quality. 

Preparing nematodes for mounting 

Some of the internal body structures may be obscured in fixed nematodes. It becomes, therefore, 
desirable to clear them before mounting. Several methods have been recommended by various 
workers for this purpose. Some of these more commonly used methods are listed below. 

1. Rapid lacto phenol method 

2. Rapid method to glycerol 

3. Rapid glycerol-ethanol method 

4. Slow method to glycerol 

Mass fixation of nematode suspensions 

In this method, killing and fixing nematodes happens simultaneously with a hot fixative. 

Requirements 

Small lockable tube (content 10 ml) 

Test tube in a beaker with water 

Pipette, water jet pump or siphon bottle 

Micropipette

Formalin 4%, in wash-bottle 

Procedure 

1. Let the nematode suspension settle for at least 1 hour (or a shorter period if lower accuracy is 
acceptable). Carefully suck the liquid until ± 10 ml remains. 

2. This can be done with the help of a pipette, a siphon bottle, or a water jet pump. Care must be 
taken to avoid whirl up of the sediment. 

3. Stir the remaining suspension and pour it into a tube (content 10 ml). Let the suspension settle 
for at least 1 hour. 

4. Carefully remove as much liquid as possible with a micropipette under a dissecting 
microscope to prevent nematodes from being sucked away. 

5. This is very much required to achieve optimal killing and fixing of nematodes. 

6. Heat a few ml of formalin 4% (or a formalin / propionic acid mixture 4:1) in a test tube placed 
in a water-filled beaker, until little bubbles appear (the liquid is then 90°C). This must be 
done in a fume chamber or at a well-aerated location, because formalin is harmful to 
human health! 

7. Pour the hot fixative over the nematodes and immediately cool down (to prevent deformation 
of nematodes) by adding cold formalin 4% and/or by submerging the tube in cold water. 
Carefully close the tube to avoid evaporation of the liquid, and insert a label. 

8. Formalin 4% solution is prepared by mixing 10.8 ml formaldehyde (37 %) in 89.2 ml Distilled 
water. 

9. The body structure of some species becomes grainy when using formalin as a fixative. This is 
probably due to the formation of "free formic acid?, and can be prevented by adding a bit of 
calcium carbonate to the stock solution. 

10. To neutralize shrinking effect, Acetic acid is added in the formalin solution (4:1 or 4:10). The 
disadvantage of this mixture (especially 4:10) is that nematodes become brown and the 
posterior part of the spear fades. 

11. Propionic acid neutralizes the shrinking effect caused by formalin, and slightly enhances the 
contrast. 

12. 3.5. TRANSFERRING TO GLYCERINE 

The intestinal structure of fixed nematodes often becomes grainy. By transferring them to glycerine 
the structure becomes more clear, so organs like gonads become visible again 55 (although light-
refracting structures such as the spear fade). Glycerine is also a long-lasting medium, suitable for 
making permanent mounts. Recently fixed nematodes, which have not yet hardened, cannot be 
directly brought into glycerine, because they would shrink due to the higher osmotic value. 

This is done by two methods: 

First is Glycerine-ethanol method: Nematodes are stepwise dehydrated and infiltrated with 
glycerine. This method is time consuming and is used to transfer individual nematodes for permanent 
mounts. 
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The another one is Glycerine-formalin method: In this method, the nematodes first remain in 
formalin for 6 weeks to harden. After that, pure glycerine is added to obtain a 1:1 glycerine-formalin 
mixture. This method is mainly used to simultaneously transfer a 

number of nematodes for mass mounts. 

STAINING OF ROOT MATERIAL 

Staining simplifies microscopic detection of nematode infections. Staining agents which stain 
nematodes are used. Plant tissues are not, or only slightly stained. 

Examples are cotton blue, acid fuchsine and iodine. 

Staining in lacto phenol-cotton blue or lacto phenol-acid fuchsine 

This method is most commonly used, although working with lacto phenol is unpleasant. The results 
are good and the condition of the nematodes extracted from the roots is usually good enough to make 
identification at high magnification possible. The nematodes are stained blue (or red when using acid 
fuchsine) and the plant tissue remains more or less unstained, with the exception of the meristemic 
regions. The method is used to check roots for infections and to create demonstration material of 
known infections. 

Requirements 

Beaker 

2 Petri dishes 

Pair of scissors or knife 

Forceps 

Lacto phenol - 0.1% cotton blue (or 0.1% acid fuchsine) 

Lacto phenol 

Glycerine - water 1:1 

Water 

Recipe lacto phenol 

Liquid phenol 94 ml 

Lactic acid 83 ml 

Glycerine 160 ml 

Distilled water 100 ml 

Store this solution in a dark bottle and/or in a dark place. The solution turns yellow 

when exposed to light. 

Procedure 

1. Carefully wash the root system with water and cut off the small roots 

2. Put the small roots in hot (80°C) lacto phenol - cotton blue with forceps and leave them in this 
solution for 1-3 minutes, allowing the stain to penetrate the material.

 OR: ('cold staining')

 Put the small roots with forceps in lacto phenol - cotton blue and leave them in this solution for 

at least 12 hours up to several months (this is possible because the lacto phenol also has fixing 
properties). 

3. Wash off the excess stain with water and transfer the material to pure lacto phenol, removing 
the stain from the plant tissue, but not from the nematodes. 

 Leave for at least 15 minutes. The best contrast is obtained when the roots are left in the lacto 
phenol for 24 hours. 

4. Put the roots in a Petri dish filled with glycerine/water 1:1 and observe them under the 
dissecting microscope. The glycerine/water solution has the same refractive index as lacto 
phenol, but lacks its toxicity and unpleasant odour. 

 Glycerine/water has a short shelf life. The root preparations have to be thrown away after 
observation. If the material has to be preserved, it can be placed in lacto phenol again.
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EXERCISE 7

METHODS OF PREPARATION OF PERINEAL (CUTICULAR) PATTERNS FOR 
IDENTIFICATION OF Meloidogyne SPP. 

Wash the infested roots until they are free from soil. Remove the swollen females carefully from the 
root galls with a dissecting needle. Use a dissecting microscope (magn. 30-50 x) and front light for 
this purpose. Pierce the females carefully at the cervical end and cut them open. Remove as much 
contents as possible by pressing the body in water on the cavity slide. Keep the remaining tissues in 
cold lactophenol with 0.03 percent cotton blue for a period of 24 hours at room temperature. The stain 
will penetrate from the inside as well as from the outside. 

Transfer the stained tissues to a very small drop of lactophenol on a prefix slide with the scalpel or the 
razor blade when the tissue is cut. Cut off the posterior end with the scalpel. Further trim the end so 
that the perineal area remains in a piece of cuticle only 5-10 times its area. Remove the inner tissues 
carefully with a handling needle. Transfer the perineal patterns temporarily to a drop of lactophenol 
cotton blue 0.03 per cent on a glass slide with a depression. 

After cutting about 10 patterns, transfer them to a permanent mount in which lactophenol with 0.01 
per cent cotton blue is used. Push the patterns to the bottom of the drop in the centre of the square 
cover slip and mount three pieces of glass rods along with them. These pieces should be about 0.5 mm 
long and cut from a selected glass rod of a diameter equivalent to the thickness of the patterns. 
Arrange the patterns in neat rows in the centre of the mounting drop. Apply a cover slip (no heating) 
and seal as described earlier.
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EXERCISE 8A

STUDY AND IDENTIFICATION OF Meloidogyne SP. WITH SPECIAL REFERENCE TO 
THEIR CHARACTERISTICS AND SYMPTOMOLOGY 

Mark of identification Adult female is pear shaped or spheroid with an elongated neck while males 
are worm like (vermiform). Juveniles and females are endoparasitic causing galls. Stylet is slender 
with basal knobs. The eggs are laid in a gelatinous matrix. 

Symptomatology Aboveground symptoms are reduced growth and fewer, small, pale green, or 
yellowish leaves that tend to wilt in warm weather. Blossoms and fruits are few and of poor quality. 
Affected plants usually linger through the growing season and are seldom killed prematurely. 
Characteristic symptoms of the disease appear on the underground parts of the plants. Infected roots 
develop the typical root-knot galls that are two to several times as large in diameter as the healthy 
root. Several infections along the root give the root a rough, clubbed appearance. Roots infected by 
certain species of the nematode also develop a bushy root remain smaller and show necrosis and 
rotting, particularly late in the season. When tubers or other fleshy underground organs, such as 
carrots, potatoes, peanuts, and yam, are attacked, they produce small swellings over their surface, 
which become quite prominent and cause distortion or cracking. Roots of trees are also attacked by 
the root knot nematodes and develop galls roughly proportional in size to the length of time since 
infection.
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EXERCISE 8B

STUDY AND IDENTIFICATION OF Pratylenchus SP. WITH SPECIAL REFERENCE TO 
THEIR CHARACTERISTICS AND SYMPTOMOLOGY 

Lesion nematodes occur in all parts of the world. They attack the roots of all kinds of plants, such as 
cereals and other field crops, vegetables, fruit trees, and many ornamentals. Lesion nematodes reduce 
or inhibit root development by forming local lesions on young roots. As a result of the root damage, 
affected plants grow poorly, produce low yields, and may finally die. In potato plants, a synergism 
between Pratylenchus nematodes and the wilt fungus Verticillium dahliae leads to the "potato early 
dying syndrome" that results in reduced yields and premature death of infected plants. 

Symptoms  

Infected plants appear stunted and chlorotic as though they are suffering from mineral deficiencies or 
drought. Usually several plants are affected in one area, producing patches of yellowish-green plants 
that grow poorly. As the season progresses, plants appear more stunted and the foliage wilts during 
hot summer days and becomes yellowish brown. Such plants can be pulled easily from the soil 
because of the extensive destruction of the root system. Underground organs such as peanuts are also 
attacked and may be covered by dark lesions. Affected plants have drastically reduced yields and in 
severe infections the plants are killed. 

Infected shrubs and trees show slower and less obvious damage and are rarely killed. Isolated trees or 
patches of trees gradually become unthrifty and produce poor crops. Their leaves are smaller, dull 
green or yellow, and may fall off as terminal branches die back. 

The patches of affected trees increase slowly in size, although this happens over a rather long period. 
Infected roots at first show small, water-soaked lesions that soon turn brown to almost black. The 
lesions appear mainly on the young feeder roots but may appear anywhere along the roots. The 
lesions enlarge mostly along the root axis, but they also expand and coalesce laterally until they girdle 
the entire root, which they kill. Affected cortex cells in the lesions collapse, and the lesion area 
appears constricted. Secondary fungi and bacteria usually invade the lesions and contribute to the 
discoloration and  

rotting of the affected root areas, which may slough off. In some hosts, moderately infected plants 
produce adventitious roots; generally, however, the roots are discoloured and stubby, and the whole 
root system is severely reduced by the root pruning that results from the formations of lesions 

Both male and female Pratylenchus nematodes are wormlike, 0.4 to 0.7 millimetres long and 20 to 25 
micrometers in diameter. They are migratory, endoparasitic nematodes. The life cycle of the various 
species of Pratylenchus is completed within 45 to 65 days. The nematodes overwinter in infected 
roots or in soil as eggs, juveniles, or adults, except for the egg-producing females, which seem to be 
unable to survive the winter. Adults and juveniles can infect and leave roots. The females, with or 
without fertilization, lay their eggs singly or in small groups inside infected roots. The eggs hatch in 
the roots or in the soil when released after root tissues break down. The emerging second-stage 
juvenile develops into the other juvenile stages and becomes an adult either in the soil or after it enters 
the root. When in the soil the nematodes are susceptible to drying, and during periods of drought they 
lie quiescent until the moisture increases and the plants resume growth.
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EXERCISE 8 C

STUDY AND IDENTIFICATION OF HETERODERA SP. WITH SPECIAL REFERENCE 
TO THEIR CHARACTERISTICS AND SYMPTOMOLOGY

Symptoms 

Infected soybean plants growing on sandy soils are stunted and their leaves turn yellow and fall off 
early. The plants bear only a few flowers and a few small seeds and they usually die. Infected plants 
growing on fertile soils with plenty of moisture show only slight aboveground symptoms and 
produce a nearly normal yield for a year or two. In subsequent years, however, due to the tremendous 
build up of nematodes in the soil, plants in these areas also become severely chlorotic and dwarfed. 
The root system of infected plants appears smaller and has fewer bacterial nodules than roots of 
healthy plants. The most characteristic symptom of the disease is the presence of female nematodes 
in varying stages of development and of mature cysts attached on the soybean roots. Young females 
are small, white, and partly buried in the root, with only part of them protruding on the surface. Older 
females are larger, almost completely on the surface of the root, and appear yellowish or brown, 
depending on maturity. Dead, brown cysts are also present on the roots. 

Characteristics of the pathogen 

The soybean cyst nematode overwinters as eggs in brown cysts which are the leathery skins of the 
females, in the upper 90 to 100 centimetres of soil. The eggs contain fully developed second-stage 
juveniles. When the temperature and moisture become favourable in the spring, the juveniles emerge 
from the cysts and infect roots of host plants. Numerous races of the pathogen are known. After 
penetrating the roots, the juveniles molt and produce the next stage juveniles at 4- to 6-day intervals. 
The female third- and fourth-stage juvenile becomes stouter and eventually flask shaped 
approximately 0.40 millimetres in length by 0.12 to 0.17 millimetres in width. By days 12 to 15, 
males and females appear. The male is wormlike, about 1.3 millimetres long by 30 to 40 micrometers 
in diameter. The males remain in the root for a few days, during which they may or may not fertilize 
the females, and then they move into the soil and soon die. 

The females, when fully developed, are lemon shaped, 0.6 to 0.8 millimetres in length and 0.3 to 0.5 
millimetres in diameter. They are white to pale yellow at first, becoming yellowish-brown as they 
mature. The body cavity of the female becomes completely 

filled with eggs. As the female body distends during egg production, it crushes cortical cells, splits the 
root surface, and protrudes until it is almost entirely on the root surface. 

A gelatinous mass surrounds the posterior end of the females, and the nematodes deposit some of 
their eggs in it. Each female produces 300 to 600 eggs, most of which remain inside her body when 
the female dies. Eggs in the gelatinous matrix may hatch immediately, and the emerging second-
stage juveniles may cause new infections. Finally, the old body wall, darkening to brown, becomes 
the cyst that persists in the soil for many years and protects the eggs in it. Approximately 21 to 24 days 
is required for the completion of a life cycle of this nematode.
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EXERCISE 8D

STUDY AND IDENTIFICATION OF Globodera SP. WITH SPECIAL REFERENCE TO 
THEIR CHARACTERISTICS AND SYMPTOMOLOGY 

It is also known as the "golden cyst nematode." The adult female is virtually spherical, about 450 
micrometers in diameter, with a projecting neck and head. It affects primarily potatoes but also 
tomato, eggplant, and other solanaceous crops. It occurs in many parts of the world and causes severe 
losses. In the United States the nematode occurs only in two counties of the state of New York and in 
Canada only in Newfoundland and in British Columbia. Once the golden nematode infests a field, it 
is practically impossible to eradicate it because its eggs survive in cysts in the soil for more than 20 
years. Therefore, in order to prevent the further spread of the nematode in North America, the areas 
now infested are under quarantine. 

Infected plants grow poorly, and the leaves are small and yellowish green and may wilt and die. 
Infected roots are smaller and a number of nematode cysts visible to the naked eye grow along their 
length. Small to large areas of infected plants appear as patches of shorter yellowish plants that have 
fewer and smaller tubers. Other than reduced size, tubers of infected plants show no symptoms.
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EXERCISE 8E

STUDY AND IDENTIFICATION OF Tylenchulus SP. WITH SPECIAL REFERENCE TO 
THEIR CHARACTERISTICS AND SYMPTOMOLOGY

The pathogen is a semi endoparasitic sedentary nematode. The juveniles and males are wormlike, but 
the female body is swollen irregularly behind the neck. The nematodes measure about 0.4 
millimetres long by 18 to 80 micrometers in diameter, with the larger diameters being found only in 
the maturing and mature females. The females bury the front end of their body in the root tissue while 
the rear end remains outside and lays eggs in a gelatinous substance. 

The life cycle of T. semipenetrans is completed within 6 to 14 weeks at 24°C. The male juveniles and 
adults do not feed and apparently do not play a role either in the disease or in the reproduction of the 
nematode. The second-stage female juvenile is the only infective stage of the nematode and cannot 
develop without feeding, but it can survive for several years. In the soil, the citrus nematode occurs as 
deep as four meters.
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EXERCISE 8F

STUDY AND IDENTIFICATION OF. Rotylenchulus reniformis WITH SPECIAL 
REFERENCE TO THEIR CHARACTERISTICS AND SYMPTOMOLOGY.

Life cycle  

• Eggs are laid in a gelatinous matrix, 40-60 eggs per mass. 

• Eggs hatch in 8-10 days.

• Juveniles undergo 3 molts in the soil without feeding.  All juvenile stages and males are found 
in the soil.

• Males have a poorly developed stylet and oesophagus for feeding.

• The young female is vermiform and has an immature reproductive system. 

• Young females are the infective stage and only females are parasitic. 

• Soon after the final molt the young female adult, the infective stage, penetrates host roots.

• On penetration, only the anterior part of the body becomes embedded within root tissue.

• Feeding occurs on cortical tissue, phloem and pericycle.

• About one week after penetration the posterior region of the body swells to form the typical 
reniform (kidney) shape, and the reproductive system matures.

• Males are strongly attracted to the females.

• There is a 1:1 sex ratio;  copulation and amphimixis are assumed to occur, but there is also 
some evidence of parthenogenesis. 

• Egg-to-egg life cycle completed in 24-29 days at 28-30ºC. 

Damage:

In Louisiana, R. reniformis causes a 40-60% reduction in cotton yield, with a comcomitant increase 
in Fusarium wilt.  In the presence of this nematode, Fusarium wilt-resistant varieties of cotton also 
become susceptible. Above ground symptoms on host plants include dwarfing, shedding of leaves, 
formation of malformed fruit and seeds, and general symptoms of an impaired root system. Below 
ground, roots are discoloured and necrotic (dead) with areas of decay. Plant mortality is possible in 
heavy infestations. In experiments in Hawaii, pineapple fruit weight increased with increasing 

3
population densities up to 300-310 nematodes/250 cm  soil but decreased at 1020-1360 

3 3nematodes/250 cm . Preplant populations of R. reniformis below 300 nematodes/250 cm  soil 
damage pineapple but are not the major factor limiting yield. Yield losses at these population levels 
may be offset by managing soil fertility and physical soil factors. R. reniformis becomes the major 

3
yield-limiting factor at population densities above 1000 nematodes/250 cm  soil (Sipes and Schmitt, 
2000).
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