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Abstract 

 
A survey of 35 tomato greenhouses from Syrian provinces Tartus and Lattakia revealed the presence of 

Meloidogyne incognita and M. javanica. In Lattakia province, M. javanica was the dominant species (91%) and M. 

incognita found only once (9%). In Tartus province, M. incognita was the most prevalent species particularly in the 

southern parts (76%) and M. javanica occurred in several locations (24%) in northern Tartus. The majority of the 

sampled tomato cultivars were infected with two Meloidogyne species; once both species were detected on the same 

variety. 
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Vegetables are between the most important 

components of the daily diet all over the world 

and high economic value for both small and 

large growers (Sikora & Fernández, 2005). 

Within the vegetables, tomatoes (Solanum 

lycopersicum L.) occupy a very important 

position in terms of distribution and production. 

In Syria, the total area and production of tomato 

greenhouses and open field reaches 13.919 ha 

with a total production of 633,483 tons 

(Anonymous, 2010).  
 

Tomato crops can suffer from abiotic stress such 

as drought and salinity as well as from biotic 

stress caused by fungi, bacteria and nematodes 

(Sasser et al., 1980). Root-knot nematodes 

(RKN), Meloidogyne spp., are major pathogens 

of tomatoes in fields and greenhouses worldwide 

(Anwar et al., 1991; Jones et al., 1991; Fourie & 

McDonald, 2000). RKN infected tomato plants 

showed yellow leaves and stunting growth. 

Moderate infections can cause 20-33% yield loss 

(Sasser, 1989; Sikora & Fernandez, 2005), while 

under severe infection the yield loss can rise up to 

85% (Sasser, 1979; Taylor & Sasser, 1978).  

 
At the end of 2012, nearly 100 nominal species of 

root-knot nematodes had been described (Karssen 

et al., 2013). Much attention is given to the so-

called four major species, viz. M. arenaria 

Chitwood, M. incognita (Kofoid and White) 

Chitwood, M. javanica (Treub) Chitwood and M. 

hapla (Neal) Chitwood (Sasser, 1980; Moens et 

al., 2009). Meloidogyne hapla is distributed in 

temperate regions, while the other three species 

are common in tropical and subtropical ones but 

also in greenhouses independently of the climate 

(Sasser, 1980). The annual losses caused by these 

species are estimated at about $10 billion 

(Chitwood, 2003). In Syria, only RKN-species 

were reported in association with vegetables 

(mainly tomato and cucumber), flower crops like 

carnation, cotton, sugar beet and tobacco 

(Mamluk & Faust, 1975; Tayar, 1980; Lamberti, 

1984). The presence of M. hapla has never been 

demonstrated. The widespread recognition of the 

four species has probably led to many cases of 
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misidentification (Moens et al., 2009). However, 

isozyme phenotyping and species-specific DNA 

protocols now allow determining RKN-isolates 

rapidly and with less equivocation than is 

possible with morphometric analysis. 

 

To address the limited knowledge about the 

distribution of RKN, a survey was conducted for 

tomato greenhouses in the western region Tartus 

and Lattakia provinces of Syria. The collected 

RKN species were identified using traditional 

morphology and molecular techniques. 

 
Materials and Methods 

 
Sampling and survey distribution: The survey 

was conducted during tomato growing season 

2011. Fifty-two root samples were collected 

from 35 greenhouses located in 21 villages of 

the Tartus and Lattakia provinces along the 

Syrian coast over more than 100 km (Fig. 1). 

From each greenhouse, 1-2 plants (5-6-months 

old) showing symptoms of RKN-infection as 

stunting, wilting and/or yellowing were selected. 

Their roots were kept separately in a plastic bag 

along with information on the sapling site and 

cultivar of host (Table 1). 

 

Identification of isolates 

 

Morphology based identification: From each 

sample RKN females were collected and washed 

galled roots. Per sample perineal patterns of five 

adult females were prepared and examined 

according to Karssen (2002).  
 

 
Fig. 1. Map of Syria showing survey sampling areas for root-knot nematodes. 

 
 

DNA based identification 

  
DNA extraction: From each population, 2 egg-
masses were transferred separately in a 0.5 ml 
tube containing 150 µl double distilled water. A 
plastic stick and microhomogeniser (Vibro 
Mixer) were used to crush and homogenise the 
egg masses, respectively. After a short 
centrifugation of the homogenate 150 µl worm 

lysis buffer (Holterman et al., 2006) was 
added (final concentration 200 mM NaCl, 200 
mM Tris-HCl (pH 8), 1% β-mercaptoethanol 
and 800 µg/ml Proteinase K). After that 
samples were incubated for 2 hrs at 60 °C 
followed by 5 min at 99 °C in a thermomixer 
with a rotation speed of 300 t/min. The 
extracted DNA was stored at -20 °C for future 
stock use. 
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Table 1. Occurrence and geographical distribution of RKN in tomato greenhouses at Tartus and 

Lattakia provinces.  

Code 
Govern-

orate 
Village Tomato cultivar 

Crop 

rotation 

Control 

system 

Species Identification 

Perineal 

patterns 

Species-

specific 

PCR 

Melo35 Lattakia Banias Amal Dalola 
Tomato-

tomato 
Solarization 

M. javanica 

(MJ) 
MJ 

Melo36 Lattakia Banias Amal Dalola 
Tomato-

tomato 

Liquid 

nematicides 
MJ MJ 

Melo37 Lattakia Banias Amal Dalola 
Tomato-

tomato 
Solarization MJ MJ 

Melo42 Lattakia Banias Houda 
Tomato-

tomato 
Solarization 

M. 

incognita 

(MI) 

MI 

Melo47 Lattakia Banias Astona 
Tomato-

tomato 
Oxamyl MJ MJ 

Melo48 Lattakia Banias Astona 
Tomato-

tomato 
Oxamyl MJ MJ 

Melo51 Lattakia Banias Shanon 
Tomato-

tomato 

Liquid 

nematicides 
MJ MJ 

Melo44 Lattakia Hrieson Rfika 
Tomato-

tomato 
Solarization MJ MJ 

Melo49 Lattakia Jabla Red Joulanar 
Tomato-

tomato 
Solarization MJ MJ 

Melo45 Lattakia Sarbion Korfo 
Tomato-

tomato 

Liquid 

nematicides 
MJ MJ 

Melo46 Lattakia Sarbion Korfo 
Tomato-

tomato 

Liquid 

nematicides 
MJ MJ 

Melo9 Tartus Ain Zebde Rido Ring 
Tomato-

tomato 
Solarization MI MI 

Melo10 Tartus Ain Zebde Rido Ring 
Tomato-

tomato 
Solarization MI MI 

Melo32 Tartus Biet Khalat Sidra 
Tomato-

cucumber 
Solarization MI MI 

Melo33 Tartus Biet Khalat Sidra 
Eggplant-

tomato 
Solarization MI MI 

Melo11 Tartus Daher Markaba Kastel 
Tomato-

tomato 
Solarization MI MI 

Melo12 Tartus Daher Markaba Kastel 
Tomato-

tomato 
Solarization MI MI 

Melo13 Tartus Daher Markaba 
Houda grafted onto 

wild root stock 

Tomato-

tomato 
Oxamyl MI MI 

Melo31 Tartus Daher Safra Astona 
Tomato-

tomato 
Solarization MJ MJ 

Melo5 Tartus Dwer Taha Kastel 
Tomato-

tomato 

Liquid 

nematicides 
MI MI 

Melo6 Tartus Dwer Taha Kastel 
Tomato-

tomato 

Liquid 

nematicides 
MJ MJ 

Melo1 Tartus Kfarfo Super Star 
Tomato-

tomato 
Solarization MI MI 

Melo2 Tartus Kfarfo Super Star 
Tomato-

tomato 
Solarization MI MI 
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Melo3 Tartus Kfarfo Astona 
Tomato-

cucumber 
Oxamyl MJ MJ 

Melo4 Tartus Kfarfo Astona 
Tomato-

cucumber 
Oxamyl MJ MJ 

Melo26 Tartus Kharab Astona 
Tomato-

tomato 
Solarization MI MI 

Melo27 Tartus Kharab Astona 
Tomato-

tomato 
Solarization MI MI 

Melo28 Tartus Kharab 
Houda grafted onto 

wild root stock 

  Tomato-

tomato 

Liquid 

nematicides 
MI MI 

Melo52 Tartus Kharab Houda 
Tomato-

tomato 
Oxamyl MI MI 

Melo20 Tartus Khrab Markia Red Joulanar 
Tomato-

tomato 

Liquid 

nematicides 
MI MI 

Melo21 Tartus Khrab Markia Red Joulanar 
Tomato-

tomato 

Liquid 

nematicides 
MI MI 

Melo29 Tartus Markia Amal Dalola 
Tomato-

tomato 
Solarization MI MI 

Melo30 Tartus Markia Amal Dalola 
Tomato-

tomato 
Solarization MI MI 

Melo14 Tartus 
Rawdet  

El-Khrab 

Kastel grafted onto 

wild root stock 

Tomato-

tomato 
Solarization MI MI 

Melo15 Tartus Rawdet El-Khrab 
Kastel grafted onto 

wild root stock 

Tomato-

tomato 
Solarization MI MI 

Melo16 Tartus Safsafa Darina 
Tomato-

cucumber 
Solarization MJ MJ 

Melo17 Tartus Safsafa Darina 
TTomato-

cucumber 
Solarization MI MI 

Melo24 Tartus Safsafa Super Star 
Tomato-

tomato 
Oxamyl MI MI 

Melo25 Tartus Safsafa Super Star 
Tomato-

tomato 
Oxamyl MI MI 

Melo18 Tartus Sahl Meaar Shaker Rido Ring 
Tomato-

tomato 
Oxamyl MI MI 

Melo19 Tartus Sahl Meaar Shaker Rido Ring 
Tomato-

tomato 
Oxamyl MI MI 

Melo7 Tartus Taibt El-Mahdi Houda 
Tomato-

tomato 
Solarization MJ MJ 

Melo8 Tartus Taibt El-Mahdi Houda 
Tomato-

tomato 
Solarization MI MI 

Melo38 Tartus Taibt El-Mahdi Afamia 
Tomato-

cucumber 

Liquid 

nematicides 
MJ MJ 

Melo39 Tartus Taibt El-Mahdi Afamia 
Tomato-

cucumber 
Solarization MJ MJ 

Melo40 Tartus Tel Snon Kortoba 
Tomato-

tomato 
Solarization MJ MJ 

Melo41 Tartus Tel Snon Kortoba 
Tomato-

tomato 
Solarization MJ MJ 

Melo43 Tartus Teraa Astona 
Tomato-

tomato 

Liquid 

nematicides 
MI MI 

Melo22 Tartus Yahmour Astona 
Tomato-

tomato 
Solarization MI MI 

Melo23 Tartus Yahmour Astona 
Tomato-

tomato 
Solarization MI MI 

Melo34 Tartus Zyaida Amal Dalola 
Tomato-

tomato 
Solarization MI MI 
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Checking the DNA quality: To control the 

quality of each DNA extract the rDNA-ITS 

region was amplified by adding 1 μl of the 

extracted DNA to a PCR reaction mixture 

containing 23 µl ddH2O, 25 µl Dream Taq PCR 

Master Mix (2×) (Fermentas Life Sciences, 

Germany), 1 µM forward primer 5’-CGT AAC 

AAG GTA GCT GTA G-3’and 1 µM reverse 

primer 5’-TCC TCC GCT AAA TGA TAT G-3’ 

(Ferris et al., 1993). The PCR-programme was as 

follows: initial denaturation step at 95 °C for 5 

min, followed by 35 cycles of 95 °C for 30 s, 49 

°C for 45 s and 72 °C for 60 s. An additional 

amplification step at 72 °C for 8 min. After 

electrophoresis of 5 μl PCR product in a 1.5% 

TAE buffered agarose gel (1 h, 100 V) the gel 

was stained in an ethidium bromide bath (1 mg/l) 

for 30 min and photographed under UV light. In 

case of a positive result the DNA extract was 

used for species identification using species-

specific primers. 

 

Species identification by species-specific 

primer sets: From each DNA extract 

amplifications were done by adding 1 μl crude 

DNA to the PCR and in that mixture primers 

were replaced by 1 µM of each of the forward 

and reverse species-specific primers to detect M. 

hapla, M. arenaria, M. arenaria, M. javanica, M. 

chitwoodi, M. enterolobii and M. fallax (Zijlstra 

et al., 2000; Wishart et al., 2002; Tigano et al., 

2010). Negative controls did not contain template 

DNA; positive controls were run with DNA of 

the target species (Table 2). Following all 

amplifications, electrophoresis was carried out in 

a 1.5% TAE buffered agarose gel (40 min, 100 

V), stained in an ethidium bromide bath (1 mg l
-1

) 

for 30 min and photographed under UV light.  

 
Table 2. Primer codes used for identification of Meloidogyne species their sequences, amplification length and 

sources.  
 

Species Code Primer sequence 5’- 3’ 
Amplicon 

length bp 
Reference 

M. arenaria 
Far TCG GCG ATA GAG GTA AAT GAC 

420 
Zijlstra et al., 

2000 Rar TCG GCG ATA GAC ACT ACA ACT 

M. incognita 
Finc CTC TGC CCA ATG AGC TGT CC 

1200 
Zijlstra et al., 

2000 Rinc CTC TGC CCT CAC ATT AAG 

M. javanica 
Fjav GGT GCG CGA TTG AAC TGA GC 

670 
Zijlstra et al., 

2000 Rjav CAG GCC CTT CAG TGG AAC TAT AC 

M. 

enterolobii 

MK7-F GAT CAG AGG CGG GCG CAT TGC GA 
520 

Tigano et al., 

2010 MK7-R CGA ACT CGC TCG AAC TCG AC 

M. hapla, 

M. fallax and  

M. chitwoodi 

JMV1 GGA TGG CGT GCT TTC AAC M. hapla: 440 

M. fallax: 670 

M. chitwoodi: 

540 

Wishart et al., 

2002 
JMV2 TTT CCC CTT ATG ATG TTT ACC C 

JMV hapla AAA AAT CCC CTC GAA AAA TCC ACC 

 

RESULTS 

 

Morphology based identification: Only two 

RKN species viz., M. incognita (62% of the 

positive samples) and M. javanica (38%), were 

identified on the basis of their perineal pattern 

(Table 1). In Lattakia province, M. javanica was 

the dominant species (91%) and M. incognita 

found in only one greenhouse (9%). In Tartus 

province, M. incognita was the most common 

(76%) particularly in the south, while M. javanica 

occurred in several locations (24%) in the 

northern side of Tartus closer to the southern side 

of Lattakia (Fig. 2).  
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Fig. 2. Frequency distribution of Meloidogyne incognita (MI) and M. javanica (MJ) in Lattakia and Tartus 

provinces.  

 

No link was observed between the tomato 

cultivars and the presence/absence of the 

Meloidogyne species. The cultivars Amal Dalola, 

Astona, Kastel, Red Joulanar, Darina and Houda 

were infected by both M. javanica and M. 

incognita at different locations (Table 1). In one 

location, i.e. Safsafa, the two species were 

detected in one greenhouse and infecting the 

same variety Darina.  

 

DNA based identification: Amplification of the 

rDNA-ITS region was successful for all 

samples, and yielded a single band with an 

expected fragment size of 600 bp (Fig. 3) (Ferris 

et al., 1993). No PCR products were obtained in 

the negative control without nematode DNA 

template. Similarly, the PCR using species-

specific primers was successful for all positive 

samples. PCR with species-specific primers for 

M. incognita yielded an expected fragment of 

1200 bp (Zijlstra et al., 2000) for 32 samples 

(Fig. 4). When using the species-specific 

primerset for M. javanica, an expected fragment 

of 670 bp was obtained (Zijlstra et al., 2000) for 

20 samples (Fig. 5). The PCR using species-

specific primers not detected M. hapla, M. 

arenaria, M. chitwoodi, M. enterolobii or M. 

fallax. For each isolate, the DNA based 

identification was same results as 

morphological. 

 

 
Fig. 3. Results of the universal PCR of ITS region (rDNA) of selected Meloidogyne isolates in Lattakia and Tartus 

provinces (Table 1). A: 1-24 and B: 1-15: Meloidogyne isolates, 16: positive control (Ferris et al., 1993), 17: 

negative control, L: 100 bp DNA ladder (Fermentas Life Sciences).  
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Fig. 4. Results of the species-specific PCR amplification for selected M. incognita isolates in Lattakia and Tartus 

provinces  (Table 1). L: 100 bp DNA ladder (Fermentas Life Sciences), samples from Lattakia province: 

1: Melo46. Samples from Tartus province: 2: Melo1, 3: Melo10, 4: Melo11, 5: Melo12, 6: Melo13, 7: 

Melo17, 8: Melo21, 9: Melo22, 10: Melo23, 11: Melo24, 12: Melo25, 13: Melo26, 14: Melo28, 15: 

Melo30, 16: Melo35, 17: Melo36, 18: Melo47, 19: positive control, 20: Negative control. 

  

 
Fig. 5. Results of the species-specific PCR amplification for some selected M. javanica isolates in both Lattakia and 

Tartus provinces (Table 1). L: 100 bp DNA ladder (Fermentas Life Sciences). Samples from Lattakia province: 

1: Melo38, 2: Melo40, 3: Melo41, 4: Melo48, 5: Melo49, 6: Melo50, 7: Melo52, 8: Melo53, 9: Melo54, 10: 

Melo57. Samples from Tartus province: 11: Melo3, 12: Melo4, 13: Melo6, 14: Melo7, 15: Melo16, 16: 

Melo31, 17: Melo42, 18: Melo43, 19: Melo44, 20: positive control, 21: Negative control. 

 

Discussion 
 

The results of this survey confirm earlier reports 

on the dominant presence of M. incognita and M. 

javanica in the major tomato growing areas in 

Syria. Both species are generally considered to be 

very important, because they cause severe 

damage and are distributed worldwide in tropical 

regions (Sikora & Fernández, 2005). 

Meloidogyne javanica was the most widely 

distributed species in Lattakia and in the northern 

parts of Tartus. In the latter province, M. 

incognita was the most common RKN-species. 

Meloidogyne arenaria was never detected. 
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Lamberti (1984) reported similar results for M. 

javanica, but reported also the dominant 

distribution of M. incognita on roots of carnation 

and cucumber in Tartus, particularly in the 

southern parts. The latter author also found M. 

arenaria associated with M. javanica in a 

greenhouse in El-Hannadi (Lattakia). Earlier 

reports mentioned the presence of the 3 RKN-

species on cotton and sugar beet in various 

districts (Mamluk & Faust, 1975). Tayar (1980) 

attributed losses in tobacco caused by M. 

javanica.  

 
Both identification methods we used lead to the 

same result. However, the traditional 

identification based on the morphology of the 

perineal pattern was time consuming and was 

only possible when adult females were available. 

This inconvenience was reported by several 

authors (Hartman & Sasser, 1985; Tesařová et 

al., 2003). However, the molecular method using 

species-specific primers was easy to run and clear 

to interpret. Its accuracy and sensitivity allow for 

a reliable diagnosis (Tesařová et al., 2003). The 

potential to use a molecular approach even 

without a morphological confirmation makes this 

technique interesting for diagnostic laboratories 

with less experience for morphological 

identifications. 

 

Whenever RKN were detected on tomato, the 

infected plants appeared in patches, were stunted 

and their yields would visibly be low. None of 

the cvs Amal Dalola, Astona, Darina, Red 

Joulanar, Kastel and Houda were resistant for 

both Meloidogyne spp. Most frequently, M. 

incognita and M. javanica were found separately 

on individual plants of one variety; only once 

both species were found on the same plant Darina 

in Safsafa. Situated close to the Mediterranean 

Sea, Tartus and Lattakia exhibit a very mild 

climate in winter. That explains the concentration 

of greenhouses for vegetable production in these 

areas. These crops (e.g., tomato, cucumber, 

eggplant) were favourable hosts for RKN and 

partially explain the abundance of RKN in this 

area. The spread of RKN in the region might 

further be ascribed to the common use of 

contaminated agricultural equipment. The high 

densities of RKN in soil probably increase the 

synergistic interactions with other root and 

vascular pathogens, and increase damage and 

crop losses (Khan, 1993). 

 
Maintaining RKN-population densities below 

damaging levels can only be realised with 

appropriate management strategies. If crop 

rotation is not an option because of the 

susceptibility of most of the crops, the use of 

resistant cultivars should certainly be examined 

and eventually propagated. Resistance is the best 

option for nematode management; when available 

due to cost effectiveness, typically compatible 

with other management tactics and 

environmentally benign (Starr et al., 2002). The 

screening of cultivars for resistance to M. 

incognita and M. javanica should be initiated 

with high priority and using local populations. 

The use of physical control methods might be 

another route for reducing the impact of RKN. In 

the tomato producing areas of Syria, high 

temperatures prevail for long periods during the 

summer season; they can be used to disinfest the 

greenhouse soil (Sikora & Fernández, 2005). 

However, the conditions for a successful 

solarisation have not been determined yet and 

farmers are unaware of the benefits. The survey 

demonstrated that RKN were widely distributed 

and plays a prominent role for tomato production 

in the coastal areas of Syria.  

 
References 

 
Anonymous, 2010. Annual Agricultural 

Statistical Report. Directorate of Planning 

and Statistics, Ministry of Agriculture and 

Agrarian Reform. Department of Agricultural 

Economics. Syrian Central Office of 

Statistics. 

Anwar, S.A., Gorsi, S., Anwar-ul-Haq, M., 

Rehman, T. & Yousuf, P. 1991. Plant 

parasitic nematodes of some field, vegetable, 

fruit and ornamental crops. Journal of 

Agricultural Research, Lahore 29, 233-249. 



Distribution of the root-knot nematode Meloidogyne spp., in tomato greenhouses 

171 

Chitwood, D.J. 2003. Research on plant-parasitic 

nematode biology conducted by the United 

States Department of Agriculture-

Agricultural Research Service. Pest 

Management Science 59, 748-753. 

Ferris, V.R., Ferris, J.M. & Faghihi, J. 1993. 

Variation in spacer ribosomal DNA in some 

cyst-forming species of plant parasitic 

nematodes. Fundamental and Applied 

Nematology 16, 177-184. 

Fourie, H. & McDonald, A.H. 2000. Nematodes 

ARCLNR Leaflet. Crop Protection Series 18, 4.  

Hartman, K.M. & Sasser, J.N. 1985. Identification 

of Meloidogyne species on the basis of 

differential host tests and perineal pattern 

morphology. In: Barker, K.R., Carter, C.C. & 

Sasser, J.N. (Eds.). An Advanced Treatise on 

Meloidogyne. Vol. 2. Methodology. North 

Carolina State University Graphics, Raleigh, 

USA, 69-77 pp. 

Holterman, M., van der Wurff, A., van den Elsen, 

S., van Megen, H., Bongers, T., Holovachov, 

O., Bakker, J. & Helder, J. 2006. Phylum-

wide analysis of SSU rDNA reveals deep 

phylogenetic relationships among nematodes 

and accelerated evolution toward crown 

clades. Molecular Biology and Evolution 23, 

1792-1800. 

Jones, J.B., Jones, J.P., Stall, R.E. & Zitter, T.A. 

1991. Compendium of tomato diseases. 

American Phytopatholologicl Society, St. 

Paul, Minnesota, USA, 73 pp. 

Karssen, G., 2002. The plant-parasitic nematode 

genus Meloidogyne Göldi, 1892 (Tylenchida) 

in Europe. Koninklijke Brill N.V., Leiden, 

161 pp. 

Karssen, G., Wesemael, W. & Moens, M. 2013. 

Root-knot nematodes. In: Perry, P. & Moens, 

M. (Eds.). Plant Nematology. 2
nd

 Edition. 

CAB International, Wallingford, UK, 74-108 

pp. 

Khan, M.W. 1993. Mechanisms of interactions 

between nematodes and other plant 

pathogens. In: Khan, M.W. (Ed.). Nematode 

Interactions. Chapman & Hall, London, 55-

78 pp. 

Lamberti, F. 1984. Nematode problems of the 

Mediterranean coastal stripe in the Syrian 

Arab Republic. Nematologia Mediterranea 

12, 53-64. 

Mamluk, O.F. & Faust, E.W. 1975. Distribution 

and identity of root-knot nematodes 

(Meloidogyne spp.) on cotton and sugar beet 

in the Syria Arab Republic and Republic of 

Lebanon. Zeitschrift für Pflanzenkrankheiten 

und Pflanzenschutz 82, 717-721. 

Moens, M., Perry, R.N. & Starr, J.L. 2009. 

Meloidogyne species - a diverse group of 

novel and important plant parasites. In: Perry, 

R.N., Moens, M. & Starr, J.L. (Eds.). Root-

knot nematodes. CAB International, Oxford, 

1-17 pp. 

Sasser J.N. 1979. Economic importance of 

Meloidogne in tropical countries. In: 

Lamberti, F. & Taylor, C.E. (Eds.). Root-knot 

nematodes (Meloidogne spp.) systematics, 

biology and control. Academic Press, 

London, 359-374 pp. 

Sasser, J.N. 1980. Root-knot nematodes: a global 

menace to crop production. Plant Disease 64, 

36-41. 

Sasser, J.N. 1989. Plant parasitic nematode: the 

farmer hidden enemy. North Carolina State 

University, USA, 13 pp. 

Sikora, R.A. & Fernandez, E. 2005. Nematode 

parasites of vegetables. In: Luc, M., Sikora, 

R.A. & Bridge, J. (Eds.). Plant-Parasitic 

nematodes in subtropical and tropical 

agriculture. 2
nd

 Ed. CABI Publishing, 

Wallingford, UK, 319-392 pp.  

Starr, J.L., Bridge, J. & Cook, R. 2002. 

Resistance to plant parasitic nematodes: 

history, current use future potential. In: Starr, 

J.L., Cook, R. and Bridge, J. (Eds.). Plant 

Resistance to Parasitic Nematodes. CAB 

International, Wallingford, UK, 1-22 pp. 

Tayar, A. 1980. Seed treatment for control of 

Meloidogyne incognita on cotton. 

Proceedings of 2
nd

 Research Planning 

Conference on Root-knot Nematodes, 

Meloidogyne spp. Region VII, Athens, 

Greece, 130-134 pp. 

Taylor, A.L. & Sasser, J.N. 1978. Biology, 

identification and control of root-knot 

nematodes (Meloidogyne spp.). North 

Carolina State University Graphics, 



Toumi et al. 

172 

Cooperative Publication of Department of 

Plant Pathology, North Carolina State 

University and US Agency for International 

Development, Washington, DC. 

Tesařová, B., Zouhar, M. & Ryšánek, P. 2003. 

Development of PCR for specific 

determination of root-knot nematode 

Meloidogyne incognita. Plant Protection 

Science 39, 23-28. 

Tigano, M., de Siqueira, K., Castagnone-Sereno, 

P., Mulet, K. & Queiroz, P. 2010. Genetic 

diversity of the root-knot nematode 

Meloidogyne enterolobii and development of 

a SCAR marker for this guava-damaging 

species. Plant Pathology 59, 1054-1061. 

Wishart, J., Phillips, M.S. & Blok, V.C. 2002. 

Ribosomal intergenic spacer: a PCR 

diagnostic for Meloidogyne chitwoodi, M. 

fallax and M. hapla. Phytopathology 92, 

884-892. 

Zijlstra, C., Donkers-Venne, D.T.H.M. & 

Fargette, M. 2000. Identification of 

Meloidogyne incognita, M. javanica and M. 

arenaria using sequence characterised 

amplified region (SCAR) based PCR 

assays. Nematology 2, 847-853. 

 

 

(Received: 17 March, 2014) 


