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Summary 

In Uganda and elsewhere in the world, tomato is an economically important vegetable and a 

good source of vitamins A and C. Being an important horticultural crop, its production is 

threatened by root-knot nematode infections that make plants susceptible to wilting, growth 

reduction and infection by other pathogens like bacteria and fungi. Identifying the root-knot 

nematode species on the crop is paramount in designing proper management strategies especially 

crop rotation and resistance. In this study, tomato roots infected with Meloidogyne spp. were 

collected from fields in Kyenjojo and Masaka districts in Uganda. Using a combination of 

identification methods that is morphological and morphometrics of nematode characters, perineal 

patterns and molecular diagnostics, the three most common Meloidogyne species were identified. 

M. javanica was the most common followed by M. arenaria and M. incognita. Out of the 

established 24 pure cultures, the Meloidogyne spp. in nine cultures remained unidentified. 

Infecting different tomato cultivars with Meloidogyne species isolates, M. javanica and the 

unidentified species produced a higher number of egg masses of up to 84% compared to M. 

arenaria isolates that formed up to 54% on the most susceptible cultivar, Marmande. There was 

one exception of Ktk7 (unidentified) that was not significantly different from M. Arenaria 

isolates (P>0.05). The tested cultivars Marmande, Henz, Rose de berne, Pyros F1 hybrid 

supported nematode reproduction with high numbers of egg masses on the roots. Virgilio F1 

hybrid was discovered as highly resistant to root-knot nematode infection allowing no nematode 

reproduction to very slight amounts. The discovered resistance in Virgilio F1 hybrid has 

important agronomic implication in suppressing nematode reproduction hence reducing their 

populations in the field. 

Key words: root-knot nematodes, identification, tomatoes and host suitability. 
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1. Introduction 
In Uganda, tomato is an economically important vegetable mainly grown by small scale farmers 

(Tumwine, 1999). It is grown as a sole crop all year round with the major commercial varieties 

being Money maker, Marglobe, Henz and Roma (Tumwine, et al., 2002). About 3 million 

households add tomatoes in their every day meals in the country (Ssekyewa, 2006). 

Nutritionally, tomato is a good source of vitamins A and C, with recent studies indicating 

lycopene which has antidioxidant properties to protect against cancer and heart diseases in red 

tomatoes (Rao & Agarwal, 2000). 

Tomato growing is one of the areas looked on for horticultural development in Uganda (Osiru et 

al., 2001) but yields per hectare are still very low, i.e. 10 ton/ha (Ssekyewa, 2006). Kagoda et al., 

(2010) reported the potential of nematodes to lower yields in the country and yet a big 

percentage of farmers have little or no knowledge about the problem. Heavy galling and rotting 

of roots on dying tomato plants infected by root-knot nematodes in the nine studied districts was 

reported by Bafokuzara in 1996. 

Root-knot nematodes are sedentary endoparasites and their parasitism life depends on the 

success to induce feeding sites in the roots of host plants (Perry & Moens, 2006). They are 

considered to be the most wide spread and destructive plant-parasitic nematodes and can cause 

an estimated yield loss of 25-50% over wide areas of cultivated land (Taylor & Sasser, 1978). 

Estimated yield loss on tomatoes is about 24-38% (Sikora & Fernàndez, 2005).  

A large number of crops worldwide are affected by root-knot nematodes and so far more than 

100 species have been described (Hunt & Handoo, 2009). Meloidogyne incognita, M. javanica 

and M. arenaria are the most common in the tropical regions while M. hapla, M. fallax and M. 

chitwoodi are successful in temperate and cooler regions (Karssen & Van Aelst, 2001). They 

cause serious damage to tomato crops (Lamberti, 1979), especially in tropical, sub-tropical and 

warm climates. Infected plants show poor growth and wilt due to nutrient partitioning alterations 

and limited water uptake due to root deformations (Kaloshian et al., 1996). Damage is more 

pronounced in tropical climates than in temperate because of the favourable conditions for 

nematode survival and multiplication (De Waele & Elsen, 2007; Kaloshian et al., 1996). 

Meloidogyne spp. lifecycle can take three weeks or some months depending on environmental 

factors such as availability of a suitable host, temperature and moisture (Taylor & Sasser, 1978). 

The infective second-stage juveniles move in the soil and penetrate the root tips of the host plant 
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using their stylet (Karssen, 2002). Once inside the roots, they migrate intercellularly and if the 

plant is susceptible then they can initiate feeding sites (Karssen, 2002). They release pharyngeal 

secretions that induce the formation of multinucleate feeding cells called giant cells (Gheysen & 

Jones, 2006). Giant cells are used as suppliers of nutrients to the growing nematode (Abad et al., 

2008; Gheysen & Jones, 2006). The juveniles (J2) feed, and become sedentary. They then 

undergo three molts (J3, J4 and adult). Sometimes vermiform males develop and migrate out of 

the root while the females remain sedentary and are pear shaped (Moens et al., 2009). The 

females feed and produce a large number of eggs in a gelatinous matrix (Karssen et al., 2006). 

The gelatinous matrix is believed to protect the eggs against unfavorable environmental 

conditions. Embryogenesis begins inside the egg and after the first molt, second-stage juveniles 

hatch (Abad et al., 2008). The temperature requirement for reproduction and survival depends on 

the species of root-knot nematodes (Karssen et al., 2006). The temperature range of 25°C to 

30°C is optimum for reproduction and survival of M. incognita, M. javanica and M. arenaria 

(Taylor & Sasser, 1978) which are common in tropical and subtropical countries. For cryophils 

that is M. chitwoodi, M. hapla, M. naasi and other temperate Meloidogyne species hatching can 

occur at temperatures below 10°C (Moens et al., 2009). Information on the thermal-time 

relationships of plant parasitic-nematodes is needed to tell geographical distributions, nematode 

population dynamics and resulting crop yield losses (Ploeg & Maris, 1999).  

Several control strategies, such as host plant resistance, destruction of residual crop roots, 

rotation with non-hosts, sanitation and avoidance, and careful use of nematicides, have been 

reported to effectively control root-knot nematodes (Barker & Koenning, 1998). However, the 

use of resistant varieties remains the most promising option, especially for small-scale farmers 

having limited resources. With species identification, the design of the above management 

strategies can be realised (Zijlstra & Van Hoof, 2006; Block et al., 2002).  

Accurate and precise identification of Meloidogyne species is based on a combination of several 

methods. Morphological characteristics and morphometrics, host preferences (Eisenback et al., 

1981), biochemical and molecular techniques are all very important.  

The aim of this research was to identify the species of root-knot nematodes associated with 

tomatoes in the districts of Masaka and Kyenjojo in Uganda and test host plant status of different 

tomato cultivars. 
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2. Materials and methods 

2.1 Sample collection 

Samples of tomato roots and soil infected with root-knot nematodes were collected from two 

districts; Kyenjojo in western Uganda (coordinates 00 37N, 30 37E) at an elevation of 1,400m 

above sea level, and Masaka district in south western Uganda (coordinates 00 30S, 31 45E) at an 

average altitude of 1,115m above sea level (Fig. 1). For Kyenjojo, we collected samples from 3 

villages; Katooke, Kinogero and Kyeniga and from Masaka district, samples were collected from 

two villages; Kyabakuza and Kimanya. 

  

Figure 1. Map of Uganda showing district locations of Kyenjojo and Masaka from where samples were taken. 

In the sampling process, fruiting tomato plants were uprooted, and plants with galls were 

selected to constitute the samples. Plant roots and about 500g of soil around the plant were 

collected and placed in a plastic bag, labeled carefully and kept in a refrigerator at 8°C until they 

were transported for extraction. 

2.2. Nematode extraction and establishment of pure cultures 
Nematodes were extracted from tomato roots with the Baermann funnel technique (Hooper, 

1990). Therefore, roots were washed in running water, chopped into small pieces and placed on a 

filter paper (Ederol Rundfilter, 40 g/m
2
, Munktell Filter AB, Falun, Sweden ) lined in a sieve (2 

mm-mesh). The sieves were then placed on glass funnels filled with water to a level that just 
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covered the bottom of the sieve and roots. The stem of the funnels connected to a rubber tube 

was closed with two metal clips. Second-stage juveniles hatched, moved through the filter paper 

and concentrated at the bottom of the rubber tube. Water was daily added to the funnels to 

prevent drying of roots as water evaporated. Newly hatched J2s tapped from Baermann funnels 

were inoculated on 3 weeks old tomatoes (Solanum lycopersicon cv. Marmande) that were 

earlier transplanted in 17cm diam. pots filled with sterilized soil (100°C, 16h). Plants were 

maintained at 22-28°C in the green house with a 14h light period. 

After 6 weeks, infected tomato plants were removed carefully from their pots and the roots were 

washed to remove excess soil. Individual egg masses were picked at random using a stereoscopic 

microscope and made to propagate on tomato cv. Marmande to obtain pure cultures. Plants were 

kept in the green house with the same conditions mentioned above. The propagation process 

lasted for a period of 6 weeks. 

 Collection of material for morphological and mole cular identification 

Infected roots from pure cultures were collected and washed. Adult females for perineal patterns 

were carefully teased out of the roots and kept in a solution of 0.9% sodium chloride. The rest of 

the root systems were put on Baermann funnels to collect juveniles and males for morphometrics 

and morphological identification, DNA analysis and for the green house experiment. 

2.3. Identification 

2.3.1. Perineal patterns 

 Perineal patterns were prepared according to a method described by Taylor and Netscher, 

(1974). Females were teased out of the root and placed in a solution of 0.9% sodium chloride. 

For each pure culture, five perineal patterns were cut from live egg-laying females in 45% lactic 

acid and mounted in glycerin. They were viewed under a light microscope (magnification 

1000×), and pictures taken using a biological imaging soft ware (cell D).  
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2.3.2 Morphometrics of the second stage juveniles and males. 
Fixing of nematodes.  

Second-stage juveniles and males were killed and fixed according to De Grisse (1969). The 

following solutions were used to fix nematodes. 

Solution 1: formalin (4%) 99 parts and glycerine 1part 

Solution 2: ethanol (96%) 95 parts and glycerine 5 parts 

Solution 3: ethanol (96%) 50 parts and glycerine 50 parts 

Live J2s and males were picked up and transferred in a drop of water in staining blocks and 

properly labeled. A few drops of solution 1 heated up to 60-80°C were added to the staining 

blocks. The staining blocks containing killed nematodes were then placed uncovered in a 

desiccator (closed glass vessel) containing 1/10 of its volume of 96% ethanol. The dishes were 

left in a saturated atmosphere for 12 hours in an incubator oven at 37°C. 

The staining blocks were removed from the desiccator after 24 hrs. The liquid volume was 

decreased by sucking off excess liquid using a pipette and then topped up with solution 2. 

Staining blocks were covered partially (¾) to allow slow evaporation of ethanol and then placed 

in the incubator oven. A few drops of solution 2 were added every 2 hours (4 times) and finally, 

a few drops of solution 3 were added. After 48 hours, the nematodes were removed from the 

oven and mounted or kept in the desiccator with calcium chloride until they were mounted. 

Mounting 

A 1.5 cm diameter and 10 cm long stainless steel metal tube was heated and dipped in a shallow 

paraffin wax and then placed in the center of the glass slide to make a ring of paraffin. A small 

drop of glycerine was placed in the center of the formed ring on the glass slide. Then nematodes 

were picked and transferred to the glycerol. A clean cover glass was added to it touching the 

round ends of the ring. The slide was then placed on a heated metal strip at 65°C for a few 

minutes. Wax melted allowing the cover slides to settle down confining the glycerol to the center 

of the mount. The slide was removed from the heated metal stripe and allowed to cool down. 
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Nematode measurements 

Measurements of the different characters like the body length, stylet length, DGO, distance from 

the head to the SE pore, maximum body diameter, tail length and the hyaline tail terminus for J2s 

were observed and recorded. Digital light microscopy pictures and measurements were made 

using a soft imaging system GmbH (cell D software, Münster Germany) installed on a computer 

connected to an Olympus BX51 light microscope (Olympus Company Belgium), equipped with 

differential interface contrast optics. 

For males, we measured the total body length, maximum body width, stylet length, the DGO, tail 

length, SE pore and the spicule length. Total body length measurements were made with a 400x 

magnification and the rest of the characters were viewed and measured using a magnification of 

1000x. Ten juveniles and males (varied in number) were measured per sample. 

2.3.3Molecular methods of identification 

 

DNA extraction 

DNA of J2s isolated from roots was extracted based on Holterman et al., (2006). Therefore, 

single to five J2s were picked up from water that was tapped from the funnels using a picking 

needle and added to 25 µl sterile water in a 0.2 ml-PCR tube. 25 µl of worm lysis buffer 

containing 0.2M Nacl, 0.2M Tris-Hcl (Ph8.0), 1% (v/v) beta-mercaptoethanol and 800 µg/ml 

Proteinase K was added. The samples were then incubated for 1 hour and 30 minutes at 65
°
C 

followed by 5 min. incubation at 99
°
C in a thermal cycler. The DNA was immediately stored at -

20°C waiting further analysis. 

PCR amplification 

Primers used for DNA amplification are given in table 1. The quality of the extracted DNA was 

checked using a universal primer D2a and D3b (De Ley et al., 1999), amplifying the D2 and D3 

expansion region of the 28S rDNA nuclear gene. 

Positive samples with the D2a and D3b primers were further amplified using species-specific 

primers for M. incognita, M. javanica and M. arenaria (Zijlstra et al., 2000) based on the given 

specifications. The SCAR amplification reactions were performed in 0.2 ml-PCR tubes with the 
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reaction volumes of 50 µl. A master mix containing 34.6 µl ddH2O, 5 µl 10x PCR buffer, 6 µl 

MgCl2, 1 µl of dNTPs mix, 0.5 µl  reverse primers, 0.5 µl forward primers  and 0.4µl Taq DNA 

polymerase (Phamarcia). Each volume was multiplied by the number of samples to be analyzed 

and brought into a 1ml tube and vortexed. Finally 48 µl of the master mix was pipetted into 

0.2ml eppendorf tubes containing 2 µl of DNA. 

The tubes were then transferred to a thermal cycler programmed at 94°C for two minutes, 

followed by 35 cycles of 30 s at 94°C. The annealing temperature was set according to the 

primers to be used for 30 s and extension temperature of 1 minute at 72°C. The annealing 

temperature for Finc/Rinc was 50°C, 61°C for Far/Rar and 64°C using primers Fjav/Rjav. The 

final elongation followed at 72°C for 8 minutes and afterwards the temperature cooled to 10°C. 

The PCR products were then used immediately or kept at -20°C until use.  

Mitochondrial DNA analysis  

The primers C2F3 and 1108 (Powers & Harris, 1993) were used to amplify the mtDNA region 

between the cytochrome oxidase sub unit II (COII) and the 16S rRNA genes. These primers were 

used to further confirm the results of the species-specific primers. Amplifications were done in 

50 µl reaction volumes. A master mix containing 34.6 µl ddH2O, 5µl 10x PCR buffer, 6 µl 

MgCl2, 1 µl of dNTPs mix, 0.5 µl reverse primers, 0.5 µl forward primers and 0.4 µl Taq DNA 

polymerase (Phamarcia) was prepared. Finally 48 µl of the master mix were pipetted plus 2µl of 

DNA into a 0.2 ml tube. The temperature for the reaction was 94°C for 2 min. followed by 

35cycles of 94°C for 30 seconds, 50°C for 30 s and 72°C for 2 min. The final elongation 

followed at 72°C for 8 minutes. 

JMV primers (Wishart et al, 2002), were used to detect M. hapla, M. chitwoodi and M. 

enterolobii.  

Electrophoresis  

The reaction products were resolved by electrophoresis on a 1.5% agarose gel in 1× Tris borate 

EDTA buffer. For each PCR sample, 1 µl loading buffer-blue orange x6 was added to 5 µl PCR 

product in 0.2 ml eppendorf tubes. The mixture was then added to the gel wells. A DNA marker 

(ladder 100 bp or 1 kb) was added into the first and the last well of gels. Electrophoresis was run 
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at 100 v for 40 minutes. The gels were then stained in ethidium bromide bath for 30 minutes. 

Visualization of gels was done on a UV- trans-illuminator and the picture taken. 

Table 1. Primers used for molecular identification of Meloidogyne species 

Primer  code Primer sequence 5’ -3’ 

 
Source and specificity 

 

D2A 
 

 

D3B 

 
ACAAGTACCGTGAGGGAAAGTTG  

 

 
 

28S rDNA región, De Ley et al., (1999)  

TCGGAAGGAACCAGCTACTA 

 

Far  

 
Rar  

 

 

TCGGCGATAGAGGTAAATGAC  

 

 

 

M. arenaria-specific SCAR, Zijlstra et al.,  
(2000)  

 

 

TCGGCGATAGACACTACAAACT  

 

 

Fjav  

 

Rjav  
 

 

GGTGCGCGATTGAACTGAGC  

 

 

 

M. javanica-specific SCAR, Zijlstra et al., 

(2000)  
 

CAGGCCCTTCAGTGGAACTATAC  
 

 

 
Finc  

 

Rinc  

 

 

 
CTCTGCCCAATGAGCTGTCC  

 

 

 
 

M. incognita specific SCAR, Zijlstra et al., 

(2000)  

 

CTCTGCCCTCACATTAGG  

 

 

 

C2F3  
 

1108  

 

 

 

GGTCAATGTTCAGAAATTTGTGG  
 

 

 

 
COII/16SrRNA region of mtDNA, Powers and 

Harris (1993) 

 

TACCTTTGACCAATCACGCT  

 

 
JMV 1     

 
GGATGGCGTGCTTTCAAC 

 

 
5S gene 

 

 
 

 

 

 
 Wishart     

et al., 

(2002) 

 

JMV2 

 

TTTCCCCTTATGATGTTTACCC 

 

IGS (M. chitwoodi and M. fallax) 
 

 

JMV hapla    

 

AAAAATCCCCTCGAAAAATCCACC 

 

IGS (M. hapla) 
 

 

JMV tropical    

 

GCKGGTAATTAAGCTGTCA 

 

IGS (M. incognita, M. arenaria, M. 

javanica and M. enterolobii) 
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2.3.4. Isozyme electrophoresis 
 

Malate dehydrogenase (MDH) and esterase (Est) activities were analyzed according to the 

procedure of Karssen et al., (1995) using a standardized and automated electrophoresis system 

(PhastSystem, Pharmacia). Young egg laying females were carefully removed from the root 

system and put in a solution of 0.9% NaCl and kept in the refrigerator at 4°C. 

Females were rinsed in ddH2O and transferred to sample stands using a clean brush (each sample 

well with one female). 0.6 µl of the extraction solution (sucrose 10%, Triton X-100 2% and 

Bromophenol blue 0.01%) was added to the females in the sample wells and the females were 

crashed using a glass rod, to release the proteins. Samples were picked carefully with the sample 

applicator and were loaded on the polyacrylamide gels and the electrophoresis was run up to 264 

Vh before terminating it. After electrophoresis, the gels were stained first for MDH for 5 min., 

rinsed in distilled water, and then stained for Est for 1 hr in an incubator at 37°C. 

Solutions used for Esterase and Malate dehydrogenase staining.  

Esterase 

38.7ml stock A (7.1g Na2HPO4 in 500ml dH2O) 

11.3ml Stock B (3.0g NaH2PO4  IN 250ml dH2O) 

0.015g EDTA 

0.030g Fast Blue RR salt 

0.02g α-naphtyl acetaat in 1ml aceton. 

Malate dehydrogenase  

38ml dH2O 

5ml stock A (10.6gNa2CO3+1.3g L- malic acid in 100ml dH2O) 

7.5ml Stock B (0.5M Tris –buffer (6.06g in 100ml ddH2O) adjusted to PH 7.1 with HCl) 

25mg NAD 
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15mg nitro blue tetrazolium 

1 mg Phenazine methosulfate 

2.4 Host suitability test 
The aggressiveness of the Meloidogyne isolates was checked based on the ability of the J2 to 

penetrate the roots of different tomato cultivars and subsequent egg masses formation. 

Culture of plants  

To determine the host plant status of tomato cultivars for the isolated Meloidogyne species, seeds 

were sown in plastic tubes (15×20×120 mm) filled with sterilized soil. The tubes were placed in 

a plastic tray that held them together for easy management. Five cultivars of tomato; (Pyros 1 

hybrid, Rose de berne, Virgilio F1 hybrid, Marmande and Henz) were used. Henz is a cultivar 

common in East Africa. The other four are commercial cultivars in Belgium. Cultivar Marmande 

was chosen because it is a standard variety used to maintain Meloidogyne cultures at ILVO. Rose 

de berne is an old cultivar from Switzerland, Pyros F1 is known for disease resistance especially 

fungal diseases and Virgilio F1 is a new variety in Belgium known to have a high level of 

disease resistance. Plants were kept in a temperature controlled growth chamber at a temperature 

of 21°C with a 16 hr light period throughout the experiment. The plants were watered every day.  

Inoculation 

Two weeks after emergence of the plants, newly hatched juveniles of all the Meloidogyne 

cultures were tapped from Baermann funnels. Using a counting dish, nematodes were counted 

with the use of a binocular microscope to determine the density. A 1.5 cm deep hole was created 

around each seedling and a nematode solution containing 50 J2s was transferred into the holes 

using a micropipette. For each cultivar and Meloidogyne culture ten replicates were inoculated. 

Watering of plants was done daily and the nematodes were left to develop on the tomato roots 

for six weeks. 

Scoring 

Six weeks after inoculation, tubes with plants were soaked in water, roots carefully washed out 

of the tubes and rinsed in water. Thereafter, roots were submerged in a solution of phloxine B 

(0.15 g in 1 liter of water) and stained for 20 minutes (Daykin & Hussey, 1985). Phloxine B 
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stains the gelatinous matrix of egg masses red or pink for easy visualization and counting. After 

staining, root systems were rinsed in water to remove excess stain. The number of egg masses 

per root system was counted using a stereoscopic microscope, and a reproductive index was 

calculated according to Castagnone-Sereno et al., (2001) as number of egg masses/number of 

inoculated juveniles. 

2.5. Data analysis 
The analysis of nematode characters was performed with the principle component analysis using 

Primer6 soft ware. This was done to have a look at the main characters responsible for the 

variations in species and how species are related to locations. 

Statistical analysis on data from host suitability test was performed using R studio. The data were 

subjected to analysis of variance with Meloidogyne spp. isolates and tomato cultivars as factors 

and Ri (reproductive index values) as variables. Mean separation was done with Tukey honestly 

significant difference (TukeyHSD at P<0.05) to compare reproductive index per cultivar and 

between cultivars. 
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 3. Results 

3.1Pure culture establishment  

A total of 30 egg masses were collected from tomato plants to set up pure cultures. From these, 

24 egg masses were successfully cultured and used for species identification. 

3.2 Identification 

Second-stage Juveniles and males were used for morphological and morphometrical 

identification methods. In cultures Hr205, Hr202, Hr103, Hr306, Hr101, Ktk2, Ktk4, Ky106, 

Msk4 and Ktk7, males were easily seen and measured but not in others. 

Using molecular, morphological, morphometrics and perineal patterns methods of identification, 

14 cultures were identified. 11 cultures were identified to be M. javanica, 2 M. arenaria and 1 M. 

incognita (table 2). Surprisingly one of the cultures had a mixture of M. javanica and M. 

arenaria for which morphometrics were difficult to work with and we therefore used molecular 

and perineal pattern methods alone for this particular culture. Nine cultures remained not known. 

 Table 2. Sample codes and identification results 

Egg mass 

codes 

Molecular 

codes 

village District Species detected 

Kbz1 7 Kyabakuza Masaka M. javanica 

Kbz2 57 Kyabakuza Masaka M. javanica 

Kbz3 32 Kyabakuza Masaka M. javanica 

Kbz4 3 Kyabakuza Masaka  

Hr205 24 Kinogero Kyenjojo M. javanica 

Hr202 49 Kinogero Kyenjojo M. javanica 

Hr101 55 Kinogero Kyenjojo M. javanica 

Hr201 60 Kinogero Kyenjojo M. javanica 

Hr103 52 Kinogero Kyenjojo M. javanica 

Hr206 45 Kinogero Kyenjojo M. javanica 

Ktk2 1 Katooke Kyenjojo  

Ktk4 36 Katooke Kyenjojo  

Ktk5 29 Katooke Kyenjojo  

Ktk7 42, 27 Katooke Kyenjojo  

Ky107 42 Kyeniga Kyenjojo  

Ky2 01 2 Kyeniga Kyenjojo  

Ky106 65 Kyeniga Kyenjojo  

Ky303 10 Kyeniga Kyenjojo M. javanica 

Ky301 8, 009 Kyeniga Kyenjojo M. incognita 
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Msk1 18 Kimanya Masaka M. arenaria, M. 

javanica 

Msk2 20 Kimanya Masaka M. arenaria 

Msk4 12 Kimanya Masaka  

Msk5 22, 94 Kimanya Masaka M. arenaria 

Msk6 61 Kimanya Masaka M. javanica 

 

3.2.1. Perineal patterns, morphology and morphometrics of second-stage juveniles and 

males. 

Important diagnostic characters of males and J2s were observed and measured to identify the 

species. Standard error of the means and means of morphometrics of characters were compared 

with the previously done work to delineate the species. 

Meloidogyne javanica 

No major morphometric variations were observed among the 11 cultures of M. javanica. Useful 

and stable morphometric measurements recorded with a coefficient of variation of less than 10% 

(Table 6 and 7 in appendix) were used for characterizing the species. Pooled measurements for 

M. javanica J2s show a total body length of 449 µm (336.9-506), stylet length 11.6 µm (10.54-

13.7), SE pore 86.8 µm (77.3-89.7), hyaline tail 12.6 µm (6.2-16.6), distance from head to bulb 

66.3 µm (57.7-70.9), and a total body width of 15.3 µm (13.2-17.6). 

The tail (47.4-60.8 µm) has a conical rounded tip tapering to fine. The hyaline tail terminus is 

conspicuous varying in length and having constricting annules. 

Males: the head cap is distinctly offset from the head region. They have a rounded labial disc 

with fairly raised medial lips. Morphometric characters did not differ too much though short and 

long nematodes were often observed within the same culture and some characters in some 

nematodes could not be clearly seen. The following measurements and ranges of important 

characters were observed: body length 1466.4 µm (1164-1896), body diameter 42.6 µm (35.7-

45.6), stylet length 22.3 µm (20.5-24.8), DGO 3 µm (2.9-4.06), SE pore 158 µm (143-176.4), 

spicule length 31.3 µm (29.2-33.4). 

Females: the perineal patterns (fig.2) were typical for M. javanica with a rounded to flattened 

dorsal arch and conspicuous lateral lines that clearly separated the dorsal and ventral regions of 

the patterns.  
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Figure 2. Female perineal patterns and J2 tails for M. javanica 

Meloidogyne arenaria 

Three cultures were identified to contain M. arenaria. Two of them were pure cultures and one 

contained a mixture of M. arenaria and M. javanica. 

J2: morphometrics of M. arenaria J2 major characters were considered for the species 

identification (Table 9 in appendix). The studied morphometrics of J2s lie in the range for the 

species description; body length 468 µm (450.2-500.5), stylet length 10.6 µm (9.01-11.1), DGO 

3.57 µm (2.75-4.34), SE pore 87.6 µm (83.98-89.15), distance from head to bulb 76 µm (74.35-

78.56), tail length 57.2 µm (51.65-61) and the hyaline tail terminus 16.2 µm (10.38-19.9). 

No males were extracted from either of the cultures therefore their morphology and 

morphometrics are not reported.  

Females: the M. arenaria females’ perineal patterns had the characteristic rounded to flattened, 

low dorsal arch, with some of the striae forming a small shoulder marked by bifurcations and 

curved to close striae in the lateral field and occasionally with a slight lateral line (Fig 3). 
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Figure 3. Perineal patterns and J2 tails for M. arenaria 

Meloidogyne incognita  

J2s: measurements are given in (Table 11 -appendix), body length 353.7µm (336.4-366.4), body 

width 13.2 µm (12.7-13.9), DGO 2.9 µm (2.4-3.5), SE pore 76.03 µm (73.0-78.2), distance from 

head to bulb 57.1 µm (54.1-60.6), tail length 45.9 µm (43.7-48.1) and the hyaline tail terminus 

11.1 µm (9.3-12.2). The above measurements fall in the range used to describe the species. 

Females: showed the characteristic oval to rounded perineal pattern with a high dorsal arch and 

wavy striae which bend towards the lateral lines and the absence of distinct lateral line incisures 

typical of this species (Fig. 4). 

  
Figure 4. Perineal patterns J2 tail for M. incognita. 
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The unidentified Meloidogyne species     

At 400× magnification, the following means and ranges of J2 morphometric characters in µm 

were recorded for the unidentified cultures. 

Ky106: total body length 389.3 µm (358.7-425.3), stylet length 11.2 µm (10.2-12.1), distance 

from head to SE pore 76.8 µm (73.6-80.6), distance from head to bulb 60.9 µm (58.8-61.6), tail 

length 50.1 µm (42.4-51.2) and the hyaline tail terminus 11.9 µm (9.7-13.6). 

Kbz4: total body length 383.7 µm (365.2-410.6), Stylet length 11 µm (10.3-11.4), DGO 2.1µm 

(1.7-2.3), distance from the head to SE pore 80.3 µm (77.2-84), distance from head to bulb 57.1 

µm (5.3-60.6), tail length 48.7 µm (43.8-54) and the hyaline tail terminus 10.2 µm (7.1-12.2). 

Ky107: total body width 425.7 µm (336-464.12), stylet length 11.6 µm (11-12.5), DGO 3.6 µm 

(3.3-4.3), distance from head to bulb 67.8 µm (65.7-70.8), tail length 52.2 µm (47.4-56.3) and 

the hyaline tail terminus 12.8 µm (10.4-14.7). 

Ktk2: total body length 403.98 µm (372.5-456.6), Stylet length 11.1 µm (10.6-12), DGO 2.9 µm 

(2.2-3.1), distance from head to SE pore 78.2 µm (72.1-86), distance from head to bulb 56.6 µm 

(51.4-58.9), tail length 48.3 µm (47-50.8) and the hyaline tail terminus 11.9 µm (10.6-13.7). 

Msk4: total body length 393.1 µm (351.9-429.8), stylet length 11.4 µm (10.1-12.2), DGO 3.1 

µm (2.7-3.8), distance from head to SE pore75.9 µm (71.6-79.6), distance from head to bulb 58.2 

µm (55.5-62.8), tail length 48.7 µm (40.9-54.7) and the hyaline tail terminus 12 µm (10-1.9). 

Ky201: total body length 425 µm (336.9-464), stylet length 11.6 µm (11-12), DGO 3.6 µm (3.3-

4.3), distance from head to SE pore 76.5 µm (69.3-80.6), distance from head to bulb 67.8 µm 

(65.7-70.9), tail length 52.2 µm (47.4-56.3) and the hyaline tail terminus 12.8 µm (10.4-14.7). 

Ktk4: total body length 392.1 µm (350.3-440.5), stylet length 11.14 µm (9.3-12.3), DGO 2.8 µm 

(2.5-3.8), distance from head to SE pore 75.2 µm (68.7-84), distance from head to bulb 56.8 µm 

(50.3-61.5), tail length 44.8 µm (39-52) and the hyaline tail terminus 10.4 µm (8.4-14.3). 

Ktk5: total body length 409.8 µm (370.5-443.2), stylet length 11.3 µm (9.4-12.6), DGO 3 µm 

(2.7-3.3), distance from head to SE pore 76.5 µm (64.2-83.8), tail length 50.5 µm (39-54) and the 

hyaline tail terminus 9.5 µm (7.7-10.8). 

Ktk7: total body length 390.2 µm (354.6-412.8), stylet length 11.3 µm (10.6-12.5), distance 

from head to SE pore 78.4 µm (71.6-84.9), tail length 47.2 µm (42.4-54.1), distance from head to 

bulb 59.2 µm (54.9-62.1) and the hyaline tail terminus 11 µm (10.1-12.2). 
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Males: males’ morphometric characters of the following cultures were measured. 

Ktk2: total body length 1705.5 µm (1375-1898.6), maximum body width 36.3 µm (29.5-42.4), 

DGO 3.5 µm (3.1-4), stylet length 22.9 µm (21.9-23.9), stylet knob width 5 µm (4.5-5.6), body 

width at knobs 20.3 µm (18.7-22.4), distance from head to SE pore 161.4 µm (146.9-180.5), 

spicule length 29.9 µm (19.6-33.7). 

Ktk4: total body length 1663.2 µm (1516-1822), maximum body width 36.8 µm (32.8-40.9), 

DGO 3.2 µm (2.7-3.6), stylet length 22.1 µm (20.5-23.1), stylet knob width 4.9 µm (4.6-5.9), 

body width at knobs 19.6 µm (18.1-21.1), distance from head to SE pore 160.8 µm (152.6-1697), 

spicule length 33.4 µm (28-36.5). 

Ktk7: total body length 1497.6 µm (1327.3-1619.2), maximum body width 30.2 µm (26.6-34.3), 

DGO 3.1 µm (2.7-3.4), stylet length 20 µm (18.3-21.2), stylet knob width 4.3 µm (3.7-4.8), body 

width at knobs 18.6 µm (16.8-20.5), distance from head to SE pore 141.7 µm (118.2-156.9), 

spicule length 26.2 µm (22.2-29). 

Ky106: total body length 1148.7 µm (862.1-1726.4), maximum body width 30.61 µm (21.6-

42.7), stylet length 22.2 µm (20.7-24.4), body width at knobs 17.5 µm (14.9-20.2), distance from 

head to SE pore 120.1 µm (108.4-130.1), spicule length 30 µm (26.3-33.1). 

Msk4: total body length 1501.9 µm (1302-1728.7), maximum body width 35 µm (33.4-38), 

DGO 2.9 µm (2.8-3.1), stylet length 21.4 µm (19.2-23.5), stylet knob width 4.9 µm (4.5-5.2), 

body width at knobs 19.2 µm (18.5-20.1), distance from head to SE pore 163.8 µm (154-176), 

spicule length 33.3 µm (28.8-35.9). 

Morphometrics for J2s and males of Msk4 and Ktk2 isolates show some relatedness but the 

perineal patterns (figure 5) look quite different. Also as indicated in the measurements of Ky107 

and Ky201 the J2s show similarity. 

Female perineal patterns for these species were variable; some had visible lateral lines and could 

be confused with M. javanica. Some looked like the perineal patterns of M. arenaria as 

presented in figure 5. 
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Figure 5. Perineal patterns and some tails for the unidentified species. 
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3.2.2. PCA analysis for the most important characters for J2’s of the isolated Meloidogyne 

species 

 

Figure 6. PCA analyses of important differentiating characters of J2’s for Meloidogyne species 

 

Table 3. PCA analysis for the most important PC’s and the variables 

PC Eigen values %Variation Cum. %Variation 

1 4.22 70.4 70.4 

2 1.16 19.3 89.7 

3 0.315 5.3 94.9 

4 0.162 2.7 97.6 

 

Variable PC1 PC2 PC3 PC4 PC5 

BL 0.462 -0.146  0.175  0.044  0.836 

SE pore 0.456 -0.072  0.187 -0.751 -0.326 

Hyaline 0.401  0.320 -0.785 -0.133  0.073 

Tail L 0.457 -0.151  0.400  0.214 -0.219 

Stylet 0.055 -0.899 -0.396  0.102 -0.125 

Head-bulb 0.454  0.199 -0.028  0.600 -0.354 
 

In the PCA analysis, the variations in the Meloidogyne species J2s are explained by total body 

length (0.462), tail length (0.457), and distance from the SE pore to the anterior end (0.456), the 

hyaline tail terminus (0.401) and distance from the bulb to the anterior end (0.454). As a result, 
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the distribution of species on the first two principle axes which are the most important and which 

account for 89.7% of variation reflect differences in tail length and body length. 

3.2.3. Molecular methods of identification 
 

Ribosomal DNA amplification with D2A D3B primers .  

DNA obtained from single to five J2s from the 24 cultures was used. The D2D3 extension 

fragment of the 28S rDNA was used in order to check the quality of DNA and prevent false 

negatives in the species-specific PCRs. The samples checked showed the correct band size of 

(750 bp). Data not shown. 

PCR amplification of sequence characterized amplified region (SCAR). 

The SCAR primer pairs (Table1) were used for the diagnosis of M. incognita, M. javanica and 

M. arenaria. PCR with specific SCAR primer Fjav/Rjav produced a 670 bp product for M. 

javanica in cultures Kbz1, Kbz2, Kbz3, Hr205, Hr202, Hr101, Hr201, Hr103, Ky303, Msk1, and 

Msk6 (Table 2, Figure7). 

The species specific primer pair Far/Rar produced a scar product of 420 bp in cultures Msk1, 

Msk5, Msk2 for M. arenaria (figure 8). 

Of the 24 cultures, only one was identified as M. incognita producing a 1200 bp product with the 

Finc/Rinc primer pair (figure 9). However, the primer produced other weaker bands of the same 

length for cultures Ktk7, Ktk5, Ktk4, and Ky106 compared to the positive control. 

PCR amplification of COII/16SrRNA of the mitochondrial DNA  

The primer set C2F3 and 1108 was used to amplify the COII/16S rRNA gene of the 

mitochondrial DNA. It clearly amplified M. arenaria cultures with a base pair product of 1100 

bp, but did not amplify for M. javanica and M. incognita as expected. On the same gel, weak 

bands of around 600 bp were detected for samples Ktk5, Ktk4, Ky107, Ky106, Kbz1 and Hr103 

(Figure 10). To check if these bands could be allocated to M. chitwoodi or M. hapla, we used a 

one step multiplex PCR using JMV primers (table 1).Neither M. chitwoodi, M. hapla nor M. 

fallax were detected. 
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To detect the presence of M. enterolobii in our samples, primers JMV1 and JMV tropical were 

used. An amplification product of 615 bp in all the tested samples indicated the absence of M. 

enterolobii. 

 

 

 

Figure 7. A- amplification products of PCR reactions using Fjav /Rjav SCAR primer for M. javanica with a 

1000 bp ladder, B- amplification products of PCR reactions using Far/Rar species specific primer for M. 

arenaria with a 1000 bp ladder, C -amplification products of PCR reactions using Finc/Rinc SCAR primer 

for M. incognita with a 1 kb ladder and D- amplification products generated from one to five juveniles with 

mitochondrial primer sets C2F3 /1108 with a 1000 bp ladder. 

 

 

 

 

A B 

C D 



24 
 

3.3. Host suitability test - aggressiveness of Meloidogyne isolates on tomato 

Nematode isolates from the pure cultures; Hr103, Hr205, Hr202, Hr101, Hr206, Kbz3, (M. 

javanica isolates), Ky106, Ky201, Ktk4, Ktk7, Ktk2, Ktk5, Msk4, Ky107 (unidentified species 

of Meloidogyne), Msk2, Msk5 (M. arenaria) and the mixed culture Msk1 (M. javanica and M. 

arenaria) (Table2) were used for the experiment.  

In the experiment, the M. incognita isolate (Ky301) was not included because by the time the 

experiment was scheduled this isolate was not yet identified. 

3.3.1. Susceptibility of tomato cultivars in relation to different Meloidogyne 

isolates 
The mean reproductive index of nematode species isolates per cultivar 6 weeks after inoculation 

is shown in table 3. Nematode isolates, tomato cultivars and interaction between them were 

significant sources of variation for the formation of egg masses (Table 4). 

Virgilio F1 suppressed egg mass formation for all nematode isolates up to 99-100%. In this study 

therefore, it was considered to be a highly resistant cultivar. No galling was observed on the 

largest percentage of root systems. For very few root systems, less than four tiny galls with tiny 

egg masses were observed. 

Table 3. Reproduction of Meloidogyne isolates on five tomato cultivars.  

  Tomato cultivars   

Nematode Marmande Henz Pyros F1 Rosede 

berne 

Vigilio F1 

      M. javanica      

Kbz3 0.7±0.03a 0.45±0.03b 0.43±0.04b 0.5±0.05b 0.00±0.00c 

Hr205 0.72±0.03a 0.65±0.04ab 0.58±0.04b 0.45±0.03c 0.01±0.01d 

Hr202 0.71±0.03a 0.51±0.03b 0.57±0.04b 0.54±0.05b 0.00±0.00c 

Hr101 0.69±0.03a 0.47±0.04b 0.51±0.04b 0.56±0.03b 0.00±0.00c 

Hr103                       0.71±0.02a 0.55±0.03b 0.59±0.04b 0.55±0.04b 0.00±0.00c 

Hr206 0.69±0.03a 0.52±0.03c 0.61±0.04b 0.51±0.03c 0.00±0.00d 

      

Unidentified       

Msk4 0.73±0.04a 0.55±0.03b 0.52±0.03b 0.63±0.05b 0.00±0.00b 

Ktk2 0.69±0.04a 0.38±0.026c 0.62±0.05ab 0.60±0.03b 0.00±0.00d 

Ktk4 0.69±0.04a 0.43±0.03c 0.54±0.04b 0.53±0.03b 0.00±0.00c 

Ktk5 0.68±0.03a 0.51±0.04b 0.51±0.03b 0.52±0.05b 0.01±0.01c 



25 
 

Ktk7 0.52±0.03a 0.39±0.03b 0.23±0.02c 0.41±0.02b 0.00±0.00d 

Ky201 0.68±0.03a 0.54±0.04b 0.57±0.05b 0.44±0.03c 0.00±0.00d 

Ky106 0.79±0.02a 0.67±0.03bc 0.66±0.06c 0.76±0.03ab 0.00±0.00d 

Ky107 0.70±0.04a 0.52±0.04b 0.60±0.04b 0.51±0.03b 0.00±0.00c 

      

M. arenaria      

Msk1 0.65±0.02a 0.31±0.02c 0.56±0.07b 0.51±0.04b 0.00±0.00d 

Msk2 0.42±0.02a 0.23±0.02b 0.37±0.03a 0.44±0.04a 0.00±0.00c 

Msk5 0.42±0.02a 0.23±0.02b 0.29±0.04b 0.31±0.04b 0.00±0.00c 

1 Expressed as Ri ±SE: Ri is number of egg masses/number of inoculated juveniles 
2 Values are the mean of 10 replicates. 
3 Within a row, values followed by the same letter are not significantly different according to TukeyHSD test at P=0.05 

 

Table 4. Significance of main and interaction effects of variables for Meloidogyne spp. egg mass formation on 

different tomato cultivars 

Source of variation                   F- value          P-value 

                                                                                                  

Nematode                                  32.054              0.000                                  

Cultivar                                     947.036            0.000                        

 Nematode × Cultivar                 4.544              0.000                 

 

Cultivar Marmande in general supported the highest number of egg masses for M. javanica and 

unidentified species isolates. These isolates formed galls with big egg masses and very few galls 

would be found without egg masses. Under a binocular microscope, a big percentage of females 

on roots inoculated with M. arenaria isolates had no egg masses. This behavior was observed on 

all tested cultivars with the exception of Virgilio F1 hybrid. 

Rose de berne and Pyros F1 were not different in the number of egg masses formed for all the 

isolates. 

Henz was intermediate but was also a good host of the aggressive isolates. 
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Aggressiveness of nematode isolates on the cultivars.  

 

Figure 8. Susceptible and resistant root systems compared after 6 weeks of inoculation. 

 Cultivar Marmande.  

In general results show that nematode isolates of M. javanica and those of unidentified species 

were more aggressive than M. arenaria isolates. 

Hr205, Ky106, Hr202, Hr101, Hr206, Kbz3, Ky107, Ky201, Ktk4, Ktk2, Ktk5, Msk4, Hr103, 

Msk1 were not different from one another (P >0.05) but more aggressive on the cultivar than 

Msk2, Msk5 and Ktk7 isolates (P<0.05). Ky106 had the highest mean number of egg masses 

(39.6) and the lowest mean number of egg masses (21) was given by Msk2 and Msk5 (figure 9) 

 

Figure 9. Mean number of Egg masses of different Meloidogyne isolates on tomato cv. Marmande six weeks 

after inoculation with 50 J2s. (Bars with the same letters are not significantly different). 
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Figure 10. Mean number of egg masses of different Meloidogyne isolates on tomato cv. Rose de berne six 

weeks after inoculation with 50 J2s. (Bars with the same letters are not significantly different). 

 

Cultivar Rose de berne  

Egg masses formed by isolates Hr205, Hr202, Hr101, Hr206, Kbz3, Ky107, Ktk4, Ktk2, Ktk5, 

Msk4 and Hr103 (P>0.05) were not significantly different from each other.  

Ky106 had the highest average number of egg masses (37.8) and the lowest average number 

(15.3) was formed by Msk5 (figure10) 

Pyros F1 hybrid  

Nematode isolates Hr101, Hr103 Ky107 Ky106, Hr205, Hr202, Hr206, Kbz3, Ky201, Ktk4, 

Ktk2, Ktk5, Ky106, Msk1, Msk2 and Msk4 were not different from one another, with the 

exception of Kbz3 being less aggressive than Ky106 (figure 11). 

Ky106 had the highest average number of egg masses (33) and Ktk7 had the lowest (11.6) 
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Figure 11. Mean number of egg masses of different Meloidogyne isolates on tomato cv. Pyros F1 hybrid six 

weeks after inoculation with 50 J2s. (Bars with the same letters are not significantly different). 

Cultivar Henz  

Ktk4, Hr101, Hr206, Ktk5, Kbz3, Msk4, Hr202, Ky201, Hr103, Ky107 were not different in the 

average number of established egg masses and they were all more aggressive compared to the 

two M.arenaria isolates; Msk2 and Msk5. Ktk2, Ktk4 and Ktk7 were intermediate. Ky106 and 

Hr205 formed the highest average number of egg masses (33.4 and 32.3) respectively and Msk1, 

Msk2 and Msk5 had the lowest (15.4, 11.5 and 11.7) respectively (figure 12). 

 

Figure 12. Mean number of egg masses of different Meloidogyne isolates on tomato cv. Henz six weeks after 

inoculation with 50 J2s. (Bars with the same letters are not significantly different). 
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Cultivar Virgilio F1 hybrid 

Egg masses formed on this cultivar, were only for isolates Ky106, Hr202, Msk2 and Ktk5. 

Moreover, the number of formed egg masses was very low compared to other tomato cultivars 

(figure 13). 

 

Figure 13. Mean number of egg masses of different Meloidogyne isolates on tomato cv. Virgilio F1 hybrid six 

weeks after inoculation with 50 J2s. (Bars with the same letters are not significantly different). 
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4. Discussion 

4.1. Nematode identification 

Accurate and careful identification of Meloidogyne species infecting crops is a core for efficient 

use of plant resistance and successful management of root-knot nematodes. The severe infections 

on tomato plants and growth impairment observed in fields during sampling, requires immediate 

attention and implementation of feasible control strategies.  

The purpose of this study was to identify root-knot nematode species found in the districts of 

Kyenjojo and Masaka in Uganda and to test the host suitability of the populations on various 

tomato cultivars. This gave light on the Meloidogyne species present, cultivar susceptibility and 

areas with aggressive populations. 

 

A combination of identification methods was used to separate root-knot nematode species. 

Results from the sampled areas indicate the presence of M. incognita, M. arenaria and M. 

javanica which is not a surprise as they are mentioned as the most common Meloidogyne species 

in tropical regions (Taylor & Sasser, 1978; Moens et al., 2009) like Uganda where annual 

temperatures are between 15-30°C. M. javanica dominated the presently studied samples with 

45%, followed by 37.5% of unidentified species, 12.5% M. arenaria and lastly M. incognita with 

4%. A similar finding was reported by Nono-womdin et al., (2002) in Tanzania where M. 

javanica was found in 89% of tomato samples infected with root-knot nematodes. These results 

are in disagreement with Eisenback et al., (1981) where M. incognita was the most prevalent 

among all Meloidogyne species in the studied areas in the international Meloidogyne project. As 

reported by Oliveira et al., (2011), the undescribed species in the samples was expected with the 

present movement of plant-derived materials around the world, climate change, continuing 

growth of human population and consequent changes in land use and agricultural practices.  

Masaka and Kyenjojo districts are located in the Banana-Coffee agro-ecological zone with a 

more or less evenly distributed annual rainfall of 1000-1500 mm (FAO Uganda). This satisfies 

the reason as to why M. javanica and M. arenaria occurred together in the same field population 

as reported by Eisenback et al., (1981). These authors stated that in regions where rainfall is 

more or less evenly distributed over the year, M. javanica, M. incognita, and occasionally M. 

arenaria occur together in field populations. 
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As put by Eisenback et al., (1981) and Jepson (1987), combining characters of males, females 

and J2s give reliable identification. Stylet morphology of males and females, males’ head shape, 

the tail size and shape of J2s, and perineal patterns of females have been shown to be the most 

reliable and stable species-specific characters (Rammah & Hirschmann, 1990). In this study, the 

same characters were important only that the female stylet morphology was not studied.  

 

During the study, it was found that morphological and morphometrical identification was 

difficult because it needed a lot of time and sometimes it was not easy to view some characters 

under a light microscope in great detail. In addition, one could not make a conclusion from the 

results as was also mentioned by Waeyenberge and Moens, (2001). Using morphological 

identification, many scientists previously put root-knot nematode in the same genus with cyst 

nematodes (Karssen, 2002). Based on perineal patterns alone, M. enterolobii was originally 

confused to be M. arenaria but this was resolved when enzyme phenotyping was used (Brito et 

al., 2004). This proves the necessity of additional identification methods such as molecular and 

biochemical techniques.  

Perineal patterns are considered important for differentiating Meloidogyne species. However, in 

this study, they were found to be variable making it difficult to separate species based on them 

alone. This was evident where some perineal patterns of M. arenaria, M. incognita and the 

species not identified had visible lateral lines and could easily be confused to be patterns of M. 

javanica. The same confusion was reported by Rammah and Hirschmann, (1990).  

Further, PCA (principle component analysis) of the qualitative characters of J2 indicates that, 

total body length, hyaline tail terminus and tail length are important characters to use in 

separating Meloidogyne species. A related finding was put by Jepson (1987). She emphasized 

their use in combination with other characters from other stages for proper identification. 

Many studies have shown the usefulness of isozyme analysis, especially esterase phenotyping, as 

the most quick, reliable and stable method to identify Meloidogyne spp. (Esbenshade & 

Triantaphyllou, 1985; Carneiro, 2000). And in fact, it should be the first step in any identification 

procedure for root-knot nematodes. Unfortunately, the several times we tried following the same 
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procedure as for Karssen (1995), we did not get any result. This could have been as a result of a 

faulty system, fake gels or fault from the chemicals used. 

 

SCAR primer sets were used to detect tropical Meloidogyne species; Fjav/Rjav, for M. javanica, 

Finc/Rinc for M. incognita and Far/Rar primers for M. arenaria successfully gave PCR products 

of 670 bp, 1200 bp and 420 bp respectively. Our results showed agreement with earlier studies 

(Zijlstra et al., 2000; Adam et al., 2007). However, Finc/Rinc for M. incognita formed other 

weak amplification products of the same length with the positive control. This suggests that 

probably, the species has some relationship with M. incognita though female perineal patterns 

and morphometrical measurements of J2 did not match exactly. Failure of the primer to give a 

strong band in the other isolates could also have been because of low copy in the amounts of the 

corresponding targeted regions of the primer sets (Adam et al., 2007). Moreover, according to 

literature studied, no information has been given in regard to such behavior of the primer. 

 

The mitochondrial DNA is a good source for genetic markers for species and population genetics 

identification (Blok & Powers, 2009). It is important in molecular phylogenetic and diagnostic 

studies of root-knot nematodes (Stanton et al., 1997) because of its high copy number and fast 

evolution rate (Moritz et al., 1987). The primers C2F3/1108 were previously tested and reported 

as effective for amplifying the COII/LrRNA region of mtDNA for M. javanica, M. arenaria and 

M. incognita (Powers et al., 2005; Blok et al., 2002). For this study, they only gave an 

amplification product of 1.1 kb for M. arenaria. The primer did not give amplification products 

for M. incognita and M. javanica as it was expected. The M. arenaria result was in agreement 

with that of Blok et al., (2002) and Powers and Harris, (1993). With the same primer, an 

amplification product of approximately 600 bp was observed. Such product size is close to the 

products given by M. chitwoodi and M. hapla using the same primer. JMV primers (Wishart et 

al., 2002) were used to specifically detect M. hapla and M. chitwoodi but no result was given. 

Moreover, depending on the annual temperatures of the sampled areas, the presence of the two 

species is not expected. Since Powers and Harris, (1993) tested the primers for North American 

species, the general applicability of the primer on all Meloidogyne species was not confirmed. 

This gives some evidence to suggest that the amplification product could be of a new species 

outside the ones studied. 



33 
 

Amplification for other species (M. incognita and M. javanica) failed, possibly due to 

inconsistent PCR conditions. Similar abnormalities of the primer were reported by Devran and 

Sogut, (2009) where the primer did not give any result. According to Adam et al., (2007), the 

inability to identify the species in some of our samples could be as a result in changes in priming 

sites that prevent amplification of the diagnostic product, changes in regions between the primer 

sites, leading to the formation of products different from what is usual or the samples contain 

species different from the tested ones. 

 

The use of species-specific primers was very helpful and gave confidence in the identification 

process. It served as a kind of supplementation and confirmation to morphological, 

morphometrics of males and J2s characters and perineal patterns results. However, since the 

primers are species-specific for M. incognita, M. javanica and M. arenaria, they could not 

amplify other nematode species outside that category  

To assist in the identification of Meloidogyne species, the use of RAPD technique needs to be 

considered. Already in use today, random amplified polymorphic DNA are useful in 

characterizing intra and interspecific variation since there is no need for prior information on the 

DNA sequence of the targeted genome (Block & Powers, 2009). For example, Adam et al., 

(2007) found consistent amplification patterns from Males, females, and J2s of M. javanica using 

RAPDs. Cenis (1993) reported the usefulness of RAPD-PCR to diagnose and address the 

unsolved questions on genetic variation and population genetics of root-knot nematodes. 

Furthermore, sequence analysis of rDNA has increased in importance in the identification of 

Meloidogyne spp. Different sets of primers have been reported to amplify different regions of 

rDNA. For example, the primers designed by Vrian et al., (1992) have been used to amplify the 

ITS region for Meloidogyne spp. to form a product of approximately 800-bp which can then be 

sequenced to produce species-specific primers or enzyme digested fragments (Block & Powers, 

2009). Blok and Powers, (2009) also reported that species that are difficult to separate using 

morphological and biological features like M. hispanica from M. arenaria and M. incognita have 

been separated by the comparisons of their ITS, 18S and D2/D3 a region within the 28S gene. 

Sequence polymorphisms in the IGS region have been used by Wishart et al., (2002) and Blok et 

al., (2002) to distinguish M. chitwoodi and M. fallax from other species like M. enterolobii, M. 

hapla and M. incognita/M. arenaria/M. javanica using JMV primers. 
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A mixture of two species in a culture presumed to be from a single egg mass could have been 

due to two females lying close together in the root and forming an egg mass that can easily be 

mistaken to be from one female. The same finding was reported by Devran &Sogut, (2009). 

4.2. Host suitability test 
Decisions on crop rotations are difficult to take given the wide host range of root-knot nematodes 

(Moens et al., 2009). Although they have a wide host range, there are some plants and cultivars 

that resist attacks from certain species of root-knot nematodes and some root-knot nematodes 

species are more aggressive than others when subjected to the same plant cultivar. Therefore, 

correct identification and screening for resistance against them is very important. There are 

different levels of plant resistance which vary from immune plants on which no nematode 

multiplies to susceptible varieties that support high nematode populations (Roberts, 2002). 

Resistant cultivars, when grown for one to three seasons can reduce soil infestation by 80-90% 

(Sigareva & Pilipenko, 1998). 

In the present study, the host suitability and nematode aggressiveness tests based on the 

development of egg masses on roots six weeks after inoculation, was a useful method to evaluate 

the ability of root-knot nematodes to reproduce on different tomato cultivars. Results showed 

that, four of the tested tomato cultivars; Rose de berne, Pyros F1 hybrid, Marmande and Henz 

were susceptible to most of Meloidogyne isolates. 

Isolates of M. arenaria gave the lowest percentage of egg masses on each cultivar. There is 

evidence that the nematode penetrated the roots but it seems there was delayed development 

because females were inside the roots with no egg masses. Similar observations were reported by 

Sydenham et al., (1996) in bean resistance to M. arenaria. Verdejo-Lucas et al., (2013) also 

reported a significant higher rate of reproduction of M. javanica than M.arenaria on resistant and 

susceptible genotypes of tomato rootstocks. A related research on tobacco by Arens et al., 

(1981), indicated that M. javanica had formed more egg masses than M.arenaria after 35days of 

inoculation. Research on screening of common bean for resistance against temperate root-knot 

nematodes by Wesemael and Moens, (2012) indicated delayed egg mass formation of M. 

chitwoodi on bean cv. Polder. 

The differences in the species performance could also be explained by the differences in root 

invasion rates between the species (Arens et al., 1981). Extending the time of evaluating egg 
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mass formation after inoculation could give a different result. This result has significant 

implications in the field, in that M. Javanica has the capacity to complete its life cycle earlier in 

the season hence increased population and more damage to tomatoes compared to M. arenaria. 

Therefore, we can capitalize on delayed egg mass formation of M. arenaria to incorporate early 

maturity traits in the cultivars such that they are harvested before nematodes can reproduce to 

reduce population increase in the field.  

Differences in the aggressiveness of nematode isolates of the same species were frequently 

observed in different cultivars. These can be suggested to be pathotypes, which can be 

differentiated for resistance genes in different breeding lines and cultivars of the same or related 

plant species (Roberts, 2002). 

 

The highest number of egg masses was found on cv. Marmande, which makes it an excellent 

cultivar for Meloidogyne cultures. There was no difference in susceptibility of the cultivars Pyros 

F1 and Rose de berne, they all supported high numbers of egg masses. Therefore, they should 

not be recommended to farmers with fields infested with the experimented Meloidogyne spp.  

Cultivar Virgilio F1 hybrid did not efficiently support egg mass formation neither nematode 

establishment in the roots for all the isolates. About 99% of the plants inoculated with the 

nematodes did not have egg masses and in 1% we could find less than four tiny egg masses. 

According to Roberts (2002), Vigilio F1 can be classified as a highly resistant cultivar since it 

allowed no nematode reproduction or only slight amounts. 

Resistance to root-knot nematodes in tomatoes was introduced from wild tomato to cultivated 

tomatoes Lycopersicon esculentum by embryo rescue (Smith, 1944). A single dominant gene 

known as Mi mediates this resistance. The gene confers resistance to several Meloidogyne spp. in 

tomatoes and is present in most modern tomato cultivars (Williamson, 1998). 

Virgilio F1 hybrid is marketed as being highly resistant against diseases but no specific 

information is given about pests and nematodes. The breeding company was contacted but did 

not provide information about the presence of the Mi gene in the cultivar. Mi gene is widely 

known for resistance in tomatoes against root-knot nematodes. The findings in this work give 

some evidence to suggest that there could be resistance genes in this cultivar, possibly other than 

the Mi gene as reported in related work where resistance genes in a tomato cultivar were efficient 

at 32°C (Ammati et al., 1986). 
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Several other genes conferring resistance to root-knot nematodes in tomatoes have been 

discovered; CaMi (Chen et al., 2007), Me1 and Me3 from pepper (Hendy et al., 1985) in addition 

to Mi gene. These genes trigger a hypersensitive reaction at the site of root-knot nematode 

invasion either causing juveniles to leave the roots of the host or to die (Chen et al., 2007). The 

resistance to nematode infection might have occurred in the soil environment or within the root 

as suggested by Fassuliotis (1979). Therefore, further studies need to investigate the stage in the 

nematode cycle where resistance is initiated and the responsible resistance genes. These genes 

together with the Mi gene will increase the basis for resistance against Meloidogyne spp. in 

tomatoes (Williamson, 1998). 

 

The results also suggest that probably, the cultivar contains a high phenolic content as one of the 

chemical characteristics of tomato cultivars resistant to root-knot nematodes (Singh & 

Choudhury, 1973). Moreover, the suppression of nematode reproduction could be due to 

starvation or formation of toxins from the plant itself (Vargas et al., 1996). For example, 

gossypol in cotton was reported to be toxic to juveniles of root-knot nematodes and its 

concentration increased more in resistant than in susceptible cotton (Veech, 1982). Further field-

testing of the cultivar will be important to determine the durability of resistance. 

These results have important agronomic implications as they demonstrate available resistance in 

some tomato cultivars to root-knot nematodes. Cultivar Virgilio F1 hybrid may be utilized in 

crop rotations to regulate and retard nematode population build up in fields. Despite the high 

resistance to diseases and nematodes present in F1 hybrids, the local farmers have to buy them, 

at the same time seeds from the previous crop cannot be reused. This makes them dependent on 

breeders and increases costs of production. However, with the use of demonstration farms we 

can compare the performance of resistant and susceptible cultivars to convince them. 

Conclusion  

Meloidogyne species identified from studied areas are M. javanica, M. arenaria, M. incognita 

and some isolates remained unidentified. The locally grown tomato cv. Henz proved to be a good 

host of the experimented Meloidogyne isolates but resistance was found in Virgilio F1 hybrid. 
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APPENDIX 
 

Table 5. Morphometrics of M.arenaria J2’s 

 Msk5 Msk2 Cultures 
pooled    

CV % 

 Body length 467.6±2.6 469.6±3.4 468.6±1 0.3 

 (450.2 - 489.1) (450.9 -500.5) (467.6-469.6)  

Body width  15.96±0.14 16.3±0.3 16.13±0.17 1.5 

 (15.17 - 16.6) (15.46-16.89) (15.96-16.3)  

Stylet length 10.56±0.16 10.7±0.2 10.63±0.07 0.9 

 (9.01 - 11.48) (9.4 - 11.09) (10.56-10.7)  

BDW at knobs 10.1±0.07 9.95±0.1 10.025±0.08 1.1 

 (9.5 - 10.5) (9.52 - 10.26) (9.95-10.1)  

DGO 2.5±0.16 2.84±0.1 2.67±0.17 9 

 (2.69 - 3.09) (2.46 - 3.23) (2.5-2.84)  

SE Pore 88.1±0.6 87.1±0.5 87.6±0.5 0.8 

 (83.98 - 88.58) (85.3 - 89.15) (87.1-88.1)  

Head to bulb 75±0.7 76.7±0.5 75.85±0.9 1.6 

 (74.35 - 78.41) (74.96 -78.56) (75-76.7)  

Tail length 57.1±0.63 57.3±1 57.2±0.1 0.24 

 (52.68 - 60.96) (51.65 -60.44) (57.1-57.3)  

Tail width 10.2±0.22 10.71375±0.1 10.45±0.25 3.4 

 (8.57 - 11.81) (10.04 - 10.76) (10.2-10.7)  

Hyaline tail  16.7±0.3 15.7±1.1 16.2±0.5 4.4 

 (14.77 - 17.95) (10.38 -19.92) (15.7-16.7)  

a 29.31±0.2 28.9±0.4 29.105±0.2 1 

 28.16 -31.37) (24.14 -28.16) (28.9-29.31)  

c 8.2±0.1 8.2±0.1 8.2±0.0  

 (7.60 - 8.99) (7.77-8.73) (8.2 -8.2)  

c' 5.7±0.11 5.5±0.06 5.6±0.1 2.5 

 (4.75 - 6.23) (5.1 - 5.79) (5.5 -5.7)  

(S E P/L)*100 18.8±0.15 18.6±0.2 18.7±0.1 0.75 

 (17.94 - 18.98) (17.84 - 19.59) (18.6-18.8)  
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Figure 6 Morphometrics of J2s for samples identified as M. javanica 

Character Hr303 Hr205 Hr202 Hr103 Hr304 Hr201 Hr306 

 Body length 435.8±4.8 456.6±2.36 473.5±5.5 451.32±8.57 458±5.6 441.12±5.9 460±3.3 

 (402.5-454) (440-467) (438-506.3) (409.6-466) (428-488.6) (421.9-478) (444.3-478.3) 

Body width  16.7±0.3 15.9±0.16 15.7±0.11 14.7±0.3 14.95±0.14 14.7±0.14 15.7±0.15 

 (14.5-17.6) (15.2 -16.8) (15.01- 16.4) (13.2 -16.01) (15.1 - 16.7) (15- 16.7) (14.8-16.6) 

Stylet length 12.1±0.2 12.2±0.3 11.4±0.14 11.6±0.12 11.6±0.06 11.43±0.12 11.7±0.12 

 (11.312.95) (11-13.7) (10.7-12.9) ( 11.1-12.13) (11.2-12) (11 - 12.5) (11.3-12.9) 

BDW at knobs 9.9±0.2 10.21±0.3 10.5±0.06 9.3±0.24 10.01±0.2 10.03±0.2 10.4±0.09 

 (9.01-10.9) 9.6-10.6 (9.98 -10.85) ( 8.82-9.96) (9.34 - 11) (9.02 -10.4) (10.1-10.7) 

DGO 3.4±0.05 3.1±0.08 3.6±0.11 3.5±0.09 3.2±0.07 3±0.2 3.4±0.06 

 (3.1-3.7) (2.9-3.2) (2.47-4.03) (3.32-4.02) (2.74-3.7) (2.7-3.5) 3.01-3.70) 

SE Pore 82.1±0.2 86.3±0.82 84.14±0.7 82.9±1.09 85.9±0.5 83.13±1.0 86.8±1 

 (81-82.87) (82.8-92.2) (78.8-89.5) (77.8 -86.6) (83.1-88.9) (79.4-89.6) (84- 91) 

Head to bulb 68.23±0.4 66.25±0.5 65.5±0.44 68.6±0.41 66.2±0.4 64.3±0.5 68.9±0.36 

 (63.2-69.4) (61.6-69.2) (62.2 -69.5) (66.6-69.5) (64.9-68.1) (61.8-66.8) (67.5-0.8) 

Tail length 54.4±0.3 58.2±0.7 55.57±0.45 58.2±1.2 57.6±0.5 52.02±0.8 57.7±0.63 

 (52.7-55.5) (53.02 -60.8) (52-58.3) (54.6-62.4) (55.5-60.7) (48.9 - 57.2) (54.8 - 59.7) 

Tail width 10.4±0.09 10.7±0.09 10.6±0.09 9.9±0.07 10.45±0.1 10.9±0.2 11±0.15 

 (9.9-10.9) (10-11.41) (10.2-11.5) (9.5 -10.01) (11.2-12) (10.1-12.2) (10.6-12) 

Hyaline tail  11.6±0.35 14.4±0.42 13.13±0.3 10.9±0.95 11.04±0.7 11.81±0.3 12.92±0.5 

 (8.9-12.8) (12.1 -16.2) (11.2 -15.5) (6.2 -16.6) (7.2 -14.7) (10.1 -13.8) (9.98 -15.3) 

a 26.2±0.33 28.8±0.4 30.1±0.4 29.7±0.9 28.7±0.5 28.19±0.5 29±0.32 

 (24.6 -27.9) (26.7-30.4) (27.2-31.7) (27.7-36.9) (26.01-31.4) (25.6-31.3) (26.6-30.3) 

c 8±0.08 7.9±0.09 8.52±0.11 7.48±0.19 7.95±0.1 8.55±0.2 7.79±0.11 

 (7.4 -8.3) (7.3 -8.6) (7.8-9.3) (7-8.3) (7.6-8.5) (7.38-9.4) (7.62-8.6) 

c' 5.2±0.04 5.5±0.08 5.2±0.05 5.90±0.12 5.51±0.04 4.79±0.09 5.23±0.06 

 (5-5.4) (5-5.98) (4.72-5.5) (5.5-6.24) (5.31-5.75) (4.4 -5.2) (4.9-5.48) 

(S E P/L)*100 18.8±0.2 18.9±0.2 17.8±0.22 18.9±0.7 18.8±0.2 18.7±0.3 18.8±0.26 

 (18.2 -20.3) (19.8 -19.9) (16.5-19.3) (14.6 -19.6) (18.1 -20.1) (17.5 - 20.1) (17.6 - 19.5) 
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Figure 3 Morphometrics of J2s for samples identified M. javanica 

 Hr101 Hr206 Msk6 Ky303 pooled Cv in % 

 Body length 466.8±5.6 456.9±4.5 430.65±24.03 431.653±14.5 450.4±4.4 3.2 

 (430.9-492.5) (440.5-488) (392.2-469.2) (410-455.2) (425.7-473.5)  

Body width  15.8±0.16 15.7±0.16 14.4±0.35 14.505±0.47 15.6±0.2 4.2 

 (15.1 -16.53) (15.2 -16.5) (13.88-14.81) (13.18 -15.45) (14.4-16.7)  

Stylet length 11.60±0.18 11.52±0.12 11.24±0.46 11.336±0.33 11.6±0.08 2.4 

 (10.75 -12.64) (11.1-12.44) (10.54 -11.92) (10.77 -11.93) (11.4-12.2)  

BDW at knobs 10.4±0.11 10.2±0.16 9.81±0.49 9.9±0.45 9.94±0.11 3.8 

 (9.53-10.8) (9.5 -11.15) (8.89 -10.39) (9.13 -10.51) (9.3 -10.5)  

DGO 3.74±0.15 3.9±0.08 2.78±0.17 2.63±0.19 3.3±0.12 12.5 

 (3.15 - 4.06) (3.51 -4.2) (2.49 - 3.03) (2.32 -2.81) (3-3.9)  

SE Pore 84.8±1.18 84.4±1.3 84.87±2.59 85.904±2.11 84.6±0.7 1.8 

 (78.2-90.44) (77.3 -92.7) (81.32 -89.11) (83.09 -89.65) (82.1-86.8)  

Head to bulb 66.7±0.3 68.4±0.8 60.06±2.2 65.251±3.05 65.9±0.7 3.6 

 (62-68.32) (64.3 -73.8) (57.31 - 63.73) (60.88 -71.13) (64.3 -68.9)  

Tail length 56.23±1 57.6±0.4 53.67±2.62 52.98±3.3 55.4±0.7 4.2 

 (50.1-60.4) (55.4 -58.8) (48.94 -57) (47.85 - 57.55) (52.02-58.2)  

Tail width 10.8±0.1 10.8±0.14 10.35±0.43 9.764±0.45 10.5±0.12 4 

 (10.4-11.5) (10.1-11.4) (9.6 -10.88) (9.09 - 10.48) (9.9-11)  

Hyaline tail  13.43±0.7 13.1±0.52 13.17±1.6 12.66±1.59 12.5±0.3 9 

 (9.58 -16.6) (9.2 -15.6) (10.2 -15.69) (9.83 - 15.39) (10.9-14.4)  

a 29.7±0.6 29.13±0.5 29.9±1.6 29.8±1.29 29±0.4 4.1 

 (26.1-32.4) (27.1-32.5) (27.36 - 32.22) (28.03 -31.93) (26.2-30.1)  

c 8.33±0.2 7.94±0.09 8.04±0.6 8.2±0.4 8.06±0.1 3.9 

 (7.2-9.43) (7.65 - 8.6) (7.62 -9.58) (7.68 -8.78) (7.48-8.55)  

c' 5.18±0.09 5.35±0.06 5.19±0.28 5.43±0.3 5.3±0.1 5.2 

 (4.6-5.5) (5.1 - 5.8) (4.69 -5.67) (5.11 -6.05) (4.79-5.9)  

(S E p/L)*100 18.2±0.3 18.5±0.3 19.76±1.13 19.91±0.5 18.9±2 3.2 

 (16.1  - 19.5) (17.8 -20.1) (17.33 -21.14) (19.11 -20.76) 17.8-18.9)  
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Table 8. Morphometrics of M. javanica males 

 Hr205 Hr202 Hr103 Hr306 Hr101 Cultures 
pooled 

              CV 

N        10         9          4       10        3               5  

Body length 1587.3±47 1429.3±56 1495.9±68.4 1441.3±29.1 1378.4 ±41.5 1466.4±35.2 5.4 

 (1353-1896) (1164-1775.4) (1368.33-1606.2) (1235-1552.5) (1316-1457.28) (1378.4-1587.3)  

BODY WIDTH 42.1±1.2 41.8±1.2 42.74±1.8 42.4±0.7 43.71±1.3 42.6±0.33 1.7 

 (35.7-45.4) (35.98 - 45.6) (37.9-45.5) (39.7-44.3) (41.2-45.2) (41.8-43.7)  

Stylet length 23.2±0.3 22±0.37 22.4±0.26 22.6±0.4 21.32±0.16 22.3±0.3 3.18 

 (21.3-24.6) (20.5 -23.3) (21.7 -23) (21.4 - 24.8) ( 21.3-21.6) (21.3-23.2)  

Knob width 4.3±0.16 4.3±0.08 4.75±0.1 4.7±0.2 5.48±0.3 4.7±0.2 10.3 

 (3.6-4.95) (4.1-4.8) (4.6-4.9) (4.2 -5.7) (5 -6) (4.3-5.4)  

Knob height          - 2.5±0.09 2.34±0.2         - 2.55±0.14 2.508±0.05 4.3 

         - (2.29 -2.81) (1.98 .2.72)         - (2.34 -2.82) (2.3-2.6)  

BDW  at knobs 20.5±0.5 19.8±0.3 20.12±0.6 20.23±0.3 21.05±0.2 20.34±0.2 2.3 

 (18.5-22.7) (18.5-20.7) (18.9 -21.8) (19.4- 23.1) (20.9-21.4) (19.8 -21.1)  

DGO 3.4±0.1 3.7±0.09 3.72±0.2 3.2±0.09 3.16±0.3 3.44±0.11 7.7 

 (2.9-3.98) (3.32 -4.06)        - (2.9 - 3.47) (2.8 -3.6) (3.2-3.7)  

SE PORE 166.6±2.2 158.6±3.1 151.6±0.3      -        - 158.9±4.3 4.7 

 (154.7-176.4) (143.1-166.3)        -      -         - (151.56-166.6)  

Spicule length 30.9±0.8 29.2±0.7 33.4±2.7 32.7±0.5 30.4±1.6 31.3±0.8 5.4 

 (27-35.5) (26.9 -32.4) (33.65 -40.3) (29.03 -34.6) (28.5-33.49) (29.2-33.4)  

TAIL LENGTH 14.8±0.44 11.7±0.6 12.5±1.0 13.2±0.3 12.05±1.27 12.85±0.55 9.5 

 (11.8 -16.8) (8.9 -13.3) (10.1 -14.6) (12.34 - 15.03) (9.65 -13.99) (11.7-14.8)  

BWD at anus 19.7±0.6 18.2±1.2 18.9±1.3 20.1±0.7 19.65±1.01 19.3±0.3 3.95 

 (15.8 - 23) (13.3 -23.01) (16.7-22.5) (17.3 -23.6) (17.9 - 21.41) (18.2-20.12)  

a 38.6±1.4 34.2±3.1 35.1±1.4 34.8±0.7 31.5±0.2 34.9±1.13 7.3 

 (33-44.1) (30.95-39.7) (31.1 -37.6) (32.5-37.8) (29.1-33.04) (31.5 -38.6)  
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Table 9. Morphometrics of J2s for cultures whose identity has not been confirmed 

Character ktk2 Msk4 Ky201 Ktk4 K106 Ktk7  

 Body length 403.98±8.8 393.1±6.6 425.7±9.5 392.1±7.2 389.32±5.02 390.162±6  

 (372.5-456.6 (351.9-429.8) (336.87-464.12) (350.28 -440.5) (358.71-425.32) (354.62-412.8)  

Body width  14.68±0.12 15.5±0.2 15.7±0.2 15.9±0.16 16.2±0.18 13.8±0.11  

 (14.1-15.3) (14.3 -16.72) (13.48 -17.56) 15.19-16.87 (15.22-17.88) (13.34-14.21)  

Stylet length 11.089±0.1 11.4±0.2 11.6±0.14 11.145±0.2 11.2±0.14 11.3±0.2  

 (10.6 -11.46) (10.07-12.21) (11.02-12.62) (9.26 -12.3) (10.19-12.31) (10.62-12.52)  

BDW at knobs 9.75±0.1 9.88±0.1 9.85±0.1 10.5±0.2 9.6±0.07 9.2±0.1  

 (9.21-1.26) (9.15 -10.16) (9.5 -10.16) (9.16 -11.68) (9.07-9.96) (8.58 -9.52)  

DGO 2.9±0.12 3.1±0.3 3.6±0.2 2.8±0.34           _         _  

 (2.17 -3.4) (2.68 -3.78) (3.28 -4.28) (2.7-3.84)           _         _  

SE Pore 78.2±1.3 75.9±1 76.5±1.2 75.2±1 76.75±0.9 78.4±1.11  

 (72.1-86) (71.63 -79.56) 69.3-80.6 (68.7 - 83.95) (73.61 - 80.59) (71.6 -84.87)  

Head to bulb 56.645±0.4 58.2±0.7 67.75±0.5 56.8±0.8 60.9±0.5 59.2±0.1  

 (51.44-58.9) (55.45-62.76) (65.65 - 70.89) (50.29 -61.51) (58.75-61.64) (54.92-62.11)  

Tail length 48.342±0.4 48.7±1.03 52.2±0.7 44.8±0.8 50.1±0.8 47.2±0.7  

 (47.02-50.8) (40.89-54.67) (47.38-56.26) (39.01 - 51.95) (42.38-51.18) 42.38-54.05)  

Tail width 10.657±0.2 10.3±0.2 10.31±0.14 11.06±0.13 10.1±0.06 9.82±0.2  

 (10.7-11.52) (9.29 -11.62) (9.45 -11.06) 9.85 -11.79) (9.88-10.83) (8.73-10.71)  

Hyaline tail  11.9±1.01 11.95±0.3 12.8±0.33 10.44±0.4 11.89±0.34 11±0.23  

 (10.38-13.7) (10.1-13.85) (10.44 -14.69) (8.44 -14.23) (9.7-13.57) (10.14-12.15)  

a 27.5±0.7 25.4±0.7 27.15±0.5 24.6±0.43 24.1±0.2 28.4±0.5  

 24.8 -30.85) (21.35-29.72) (23.4-30.57) (21.3 -28.2) (22.44-25.66) (25.73-29.97)  

c 8.4±0.2 8.1±0.3 8.2±0.2 8.8±0.25 7.8±0.11 8.3±0.2  

 (7.4-9.7) (6.6-10.51) (6.5-9.79) (7.2 -10.3) (7.02 -8.65) (7.5-9.25)  

c' 4.5±0.09 4.8±0.2 5.07±0.09 4.03±0.08 4.9±0.08 4.8±0.1  

 (4.17 -5.03) (3.51-5.48) (4.46-5.60) (3.58 -4.77) (4.26 -5.31) (4.16 -5.38)  

(S E p/L)*100 19.4±0.6 19.2±0.42  19.3±0.4 19.7±0.4 20.1±0.4  

 (15.8-21.9) (16 -20.67)  (16.75-22.65) (18.30 -21.23) (18.21-21.49)  
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Table 10. Morphometrics of J2s for cultures whose identity has not been confirmed; sample highlighted in 
yellow is M. incognita J2measurements 

Character Ky302 Ktk5  Ky107 Ky301 

 Body length 383.72±15.17 409.8±5.6 425.7±9.5 353.72±10.3 

 (365.2-410.6) (370.5-443.2) (336.9-464.12) (336.37 - 366.38) 
Body width  14.18±0.46 16.3±0.3 15.7±0.2 13.24±0.39 

 (13.33 -14.65) (14 -17.16) (13.5 -17.6) (12.67 -13.86) 

Stylet length 10.95±0.42 11.3±0.3 11.6±0.14 10.53±0.48 

 (10.29 -11.4) (10.3- 12.8) (11.02 -12.62) (10.07 -11.61) 

BDW at knobs 9.67±0.52 9.8±0.09 9.85±0.1 9.43±0.56 

 (8.83 -10.52) 9.1 -10.56) (9.5-10.16) (8.78 -10.76) 

DGO 2.08±0.2 2.98±0.09 3.6±0.2 2.9±0.35 

 ( 1.66 - 2.25) (2.73-3.32) (3.28 - 4.28) (2.41-3.36) 
SE Pore 80.25±1.8 79.2±1         _ 76.03±1.7 

 (77.21 - 83.97) (71.03-83.8)         _ (73.01-78.2) 

Head to bulb 57.41±2 57.56±0.9 67.8±0.5 57.1±2.09 

 (54.26 - 60.57) (55.3-62.5) (65.7-70.9) (54.1 -60.64 

Tail length 48.66±3.2 50.4±0.3 52.2±0.7 45.92±1.6 

 (43.79 - 53.96) (48.8 - 52.36) (47.4 - 56.3) (43.7 -48.1) 

Tail width 10.03±0.29 10.14±0.2 10.3±0.14 9.52±0.45 

 (9.59 - 10.62) (9.9 - 11.3) (9.5-11.06) (8.74 -10.24) 

Hyaline tail  10.15±1.55 9.5±0.3 12.8±0.33 11.045±0.8 

 (7.08 - 12.2) (7.7 - 10.8) (10.4 -14.7) (9.3 -12.18) 

a 27.06±0.71 25.3±0.4 27.2±0.5 26.74±1.13 

 (25.89 - 28.02) (22.7-28.9) (23.4-30.6) (24.3-28.13) 

c 7.9±0.34 8.1±0.11 8.2±0.2 7.71±0.3 

 (7.33 - 8.36) (7.46 -8.77) (6.5 -9.8) (7.3 -8.23) 

c' 4.86±0.4 4.9±0.11 5.07±0.09 4.83±0.34 

 (4.23 -5.33) (4.4-5.6) (4.5-5.6) (4.4 - 5.4) 

(S E P/L)*100 20.99±0.6 19.3±0.3        _ 21.5±0.5 

 (19.63 - 21.77) (18.05-21.76)        _ 20 -22.28) 
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 Table 3 Morphometrics of male characters for unidentified species 

Character KTK2 Ktk4 Ky1 06 Msk4 Ktk7 

N 10 10 10 7  

Body length 1705.5±164.9 1663.2±84.2 1148.7±272.1 1501.9±130.1 1497.6±99.9 

 (1375-1898) (1516 -1822) (862.1-1726) (1302-1728.7) (1327-1619.2) 

Body width 36.3±4.5 36.77±2.49 30.61±5.6 35.06±2.8 30.2±2.5 

 (29.5-42.4) (32.8 - 40.9) (21.64-42.68) (33.4 - 38.05) (26.6-34.3) 

DGO 3.5±0.3 3.2±0.3         - 2.9±0.1 3.11±0.2 

 (3.1-3.96) (2.65 -3.64)         - (2.8 -3.1) (2.7-3.4) 

SE pore 161.4±17.30 160.8±9.46 120.1±8.2 163.5±10 141.7±15.5 

 (146.9 -180.5) (152.6 -170) (108.4-130.1) (154 -176.8) (118.2-156.9) 

Tail length 13.24±2.9 12.2±1.3 11.4±1.3 12.6±1.9 13.3±2.2 

 (9.5-18.3) (9.8-13.2) (9.2-13.8) (10.3-14.4) (9.2-16.2) 

Stylet length 22.9±0.7 22.1±0.1 22.2±1 21.4±1.8 20.1±0.8 

 (21.9-23.9) (20.5-23.1) (20.7-24.4) (19.2-23.5) (18.3-21.2) 

Knob width 5±0.4 4.9±0.2         - 4.86±0.29 4.3±0.4 

 (4.53-5.6) (4.6-5.9)         - (4.46 -5.16) (3.7-4.8) 

Spicule length 29.9±4.7 33.4±2.8 30.±2.25 33.3±2.5 26.2±2.5 

 (19.57 -33.72) (28 - 36.4) (26.3-33.1) (28.8- 35.9) (22.2-29) 

Body width at 
anus 

21.22±3.85 20.19±1.30 20±2.4 21.5±2.2 20.5±1.6 

 (15.1-25.5) (18.4-22.1) (16-24.3) (18.9-25) (18.1-22.3) 

Body width at 
knobs 

20.2±1.1 19.6±0.1 17.5±1.9 19.2±0.6 18.6±1.4 

 (18.7-22.46) (18.12-21.1) (14.87-20.19) (18.51-20.1) (16.8 -20.5) 

Head to bulb            -        -         -            -        - 

      

Knob height          - 2.7±0.3         - 2.3±0.2 2.3±0.3 

          - (2.4-3)          - (2-2.6) (1.8-2.9) 

a 47.3±4.33 45.5±4.2 36.1±33.3 42.9±3.3 49.9±5.4 

 (41.1-56.2) (38.8 -52.4) (31.2-44.4) (38 - 46.9) (42.7 - 57.1) 
 

 

 

 

 

 

 

 

  


