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Abstract

Pests and diseases are attacking the grown crops and cause remarkable damages annually. Phytonematodes are one of the most dras-
tic pests. Therefore, plant parasitic nematodes attracted the attention of the investigators who work at the field of pest management. 
The root-knot nematodes are found to be the most important and being responsible for at least 90% of all damage caused by nema-
todes. Root-knot nematodes are attacking most of vegetable plants and reduce the market value of the fruit. Using of non-fumigant 
nematicides is the famous and the common solution for the problem of Phytonematodes in Egypt. However, the biological control 
(e.g. fungi & bacteria), Bio pesticides and soil amended with organic matter are the available solutions which help farmers in spite of 
they have limited usage.
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Agriculture plays an important role in the survival of humans and animals. Thus, provide food to world populace is one of the major 
challenges that face us in our present era. According to FAO statistics there are about 925 million people worldwide are suffering from 
chronically hungry due to drastic poverty (FAO, 2010). Therefore, the global food production estimated to be raised by 70% by 2050 to 
feed over 9 billion people worldwide (Hassan., et al. 2013). 

The global food production such as vegetables, fruits, cereals and beans crops are attack by several pests and pathogens. One of the 
most famous and widespread pests is the plant parasitic nematodes (PPNs) which cause damages by billions of dollars yearly. The root-
knot nematodes cause yield losses in tomato more than 27% annually (Kaur., et al. 2011).

The Symptoms which caused by root-knot nematode infected plants are generally the plant yield suppression due to the poor devel-
opment of root systems and leaf nutritional deficiencies such as chlorosis and wilting. The number of second-stage juveniles (J2) caused 

Introduction 

https://scientiaricerca.com/itag.php
https://scientiaricerca.com/itag.php
https://scientiaricerca.com


619

Citation: Mohamed S Khalil and Dalia M Darwesh. “Some Integrated Practices to Manage Root-Knot Nematodes on Tomatoes: A Mini 
Review”. Innovative Techniques in Agriculture 3.2 (2018): 618-625.

Some Integrated Practices to Manage Root-Knot Nematodes on Tomatoes: A Mini Review

The alternative methods to control plant parasitic nematodes are antagonistic microorganisms, soil addition with organic matter, 
botanical pesticides, crop rotation and plant extracts. Thus, this work aimed to throw a light for the usage of alternative approaches 
which is a necessary thing for the sustainable management of root knot nematode in order to improve plant growth, crop productivity 
and reduction in nematode infestation below economic threshold level.

In last century, tomato (Solanum lycopersicum, Mill) (Family: Solanaceae) has become a major world food crop. Nowadays, toma-
toes are grown commercially in 159 countries around the world. China, the United States, India, Turkey, Egypt, Italy and Iran are the 
main producers of tomatoes (Ibrahim., et al. 2015). In Egypt, the tomato is considered one of the most important vegetable crops for 
fresh consumption and processing (Abd El-Ghany, 2011). Also, tomatoes considered rich source in carbohydrates, minerals and vita-
mins (Howeedy., et al. 2003 and Ibrahim., et al. 2010). 

The production of tomato plants are affected by several factors such as rain fall, temperature, soil fertility, time of planting, plant 
density, insect infestations and diseases infection. The tomato plants are attacked by several destructive pests that cause great damages. 
One of the major and important pests is plant-parasitic nematode specially root-knot nematodes, Meloidogyne spp., (Ibrahim., et al. 
2010). Globally, it was estimated that the root knot nematodes caused tomato yield losses by 27% (Sharma and Sharma, 2015). 

There are thousands of nematodes genera, but the root-knot nematodes (Meloidogyne spp.) were and still the most dominant and 
destructive genus around the world. It can parasite on approximately 5500 host species (Trudgill and Blok, 2001). The losses caused 
by infestation of plant parasitic nematodes in crop production estimated by 14.6%, whereas in the developed temperate countries, it 
was estimated as 8.8% (Nicol., et al. 2011). In addition, nematodes cause an estimated $118b annual loss to world crops (Atkinson., et 

al. 2012). Moreover, about 48% of global nematicides are targeted only root-knot nematodes across differ crops (Haydock., et al. 2006).

Root-knot nematodes have wide range of hosts including vegetables, fruit trees, oil crops, fiber crops, grains crops and leguminous 
crops, next to weeds which is considered secondary host to nematodes (Khalil, 2013a). About 90% of damages caused by plant parasitic 
nematodes are attributed to, Meloidogyne javanica (Treub) Chitw., M. incognita (Kofoid and White) Chitw., M. arenaria (Neal) Chitw., and 
M. hapla Chitw. (Castagnone-Sereno, 2002).

There are certain methods used as an attempt to manage the plant parasitic nematodes especially the root-knot nematodes on crops 
with varying levels of success under different conditions including synthetic nematicides, resistant plant varieties, botanical pesticides, 

According to FAOSTAT, in 2012, Egypt ranked as one of the top producers of tomatoes (8,625,219 tones). The obtained data indi-
cated that the cultivated area of tomato in Egypt increased considerably during the last two decades (Ibrahim., et al. 2015).  In 2011, the 
total cultivated area, and productivity of tomato in Egypt, was estimated by 505.823 feddan (feddan = 4200 m2), yielding 805.3701 tons 
with an average of 15.92 tons/feddan (Anonymous, 2011). According to the last estimates from the Egyptian Ministry of Agriculture and 
Land Reclamation in 2013, the production of  tomato increased to 16.636 tons/feddan with a total yield of 8.571.050 tons from a total 
area of 515.225 feddan (Anonymous, 2013).

direct damages in crops because their penetration to root of host plants and reproduce rate inside the plant roots (Karssen and Moens, 
2006). Since chemical control of plant parasitic nematode by the involvement of synthetic nematicides one of the most potent and effec-
tive method for nematode management. However, apart from its very high cost, disturbing the ecological equilibrium of soil, water, and 
environment. The appropriate and sapient usage of natural bio-pesticides and integrated soil amendment on site specific will deliver 
one of the best messages for future of sustainable nematode management. 

Tomatoes Production

The Economic Importance of Root-Knot Nematodes

Management Practices of Plant Parasitic Nematodes
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The conventional methods to manage PPN includes the soil fumigants (mixture of 1,2-dichloropropane and 1,3-dichloropropene, 
1,3-Dichloropropene, Ethylene Dibromide, 1,2-Dibromo-3-Chloropropane, Chloropicrin, Metam-sodium, Dazomet, Methyl Isothiocya-
nate, Sodium Tetrathiocarbonate, Methyl Bromide and Methyl Iodide). While, the non-volatile pesticides are follow carbamates group 
(Aldicarb, Aldoxycarb, Carbofuran and Oxamyl), and organophosphates group (Ethoprop, Fenamiphos, Cadusafos and Fosthiazate). The 
mechanism of both carbamates and organophosphates groups are cholinesterase inhibitor which prevents the breakdown of acetyl-
choline in the synapse (Khalil, 2013a). 

Therefore, the researchers seek about alternative route to manage plant nematodes, and found that biological control is one of the 
best available option tools can used in integrated nematodes management (INM). 

Recently, many reports indicated that several microbes are produced as active ingredients in commercial products to control dif-
ferent pests including the root-knot nematodes in varied crops. The bio-agents are effective and promising trend in INM programs. 
However, such products are likely to be less effective than chemicals, and will, therefore, have to be used in an integrated manner with 
other control techniques (Stirling, 1991).  

Fungi: One of the most famous microorganisms is Paecilomyces lilacinus (Thom) Samson, which is a soil- inhabiting fungus applied for 
the first time as bio- control agent for managing M. incognita under field application by Jatala., et al. (1980). It is a highly occurrence in 
the tropics and subtropic (Morgan., et al. 1984 and Chen., et al. 1996), and can be found in most of agricultural soils (Brand., et al. 2010). 

It has capability of parasitizing on nematode eggs, juveniles and females especially root-knot and cyst nematodes (Jatala, 1986; 
Kiewnick and Sikora, 2006 and Brand., et al. 2010). Furthermore, strains of this fungus have been formulated for managing plant para-
sitic nematodes in several countries (Kiewnick and Sikora, 2003 and Khalil, 2013b).

On the other hand, Trichoderma species are free-living fungi that are common in soil and root ecosystems. The antagonistic impact 
of Trichoderma spp. towards root-knot nematodes were documented (Ibrahim., et al. 2010 and Izuogu and Abiri, 2015).  Recently, 
numbers of Trichoderma isolates are used commercially to manage certain pathogens in the soil (Naserinasab., et al. 2011 and Khalil, 
2013b). 

Bacteria: Bacteria represent an important group of bio-control agents and several commercial products are nowadays available to con-
trol plant-parasitic nematodes (Hallmann., et al. 2009). Bacillus is one of the largest groups of the bacteria that have shown diversified 
effects on plant-parasitic nematodes. Bacillus subtilis, is one of the famous rhizobacterium that gained global attention as a biopesticide. 
The potential of Bacillus spp against plant pathogenic nematodes have been reported by many investigators (Radwan, 2007; Prakob., 
et al. 2009 and Yu., et al. 2015). 

The Microbial Agents

antagonistic microorganisms (e.g. fungi and bacteria), organic amendments, soil solarization, beneficial fungi (Mycorrhiza) and plant 
extracts (Randhawa., et al. 2001; Dawar., et al. 2008; Radwan., et al. 2012 and Renčo., et al. 2014).

It has been estimated that about 2.5 million tons of pesticides are used on crops each year and the worldwide damage caused due 
to pesticides misuse reaches $100 billion annually (Koul., et al. 2008). Also, the misuse of chemical nematicides leads to phytotoxicity, 
environmental pollution and nematodes resistance (Adegbite and Adesiyan, 2005). It also has the disadvantage of being toxic to man 
and animals when used improperly (Luc., et al. 1990). Nevertheless, the farmers still depending on chemical nematicides because of 
their activity in crop protection for a long period and its quick action toward the parasitic nematodes.

Fumigant and non-fumigant Nematicides
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Avermectins that belong to the macrocyclic lactones have been obtained from Gram-positive bacterium, Streptomyces avermitilis. 
Avermectins have four pair’s compounds which contain four major components A1a, A2a, B1a and B2a and four minor components A1b, 
A2b, B1b and B2b. Abamectin has shown low toxicity to non-target beneficial arthropods that help its acceptance into Integrated Pest 
Management (IPM) programs, besides supporting the safety to man and the environment (Lasota and Dybas, 1990).

Abamectin is a blend of avermectins B1a and B1b, which contain at least about 80% avermectin Bla and 20% avermectin Blb (Pit-
terna., et al. 2009). These two components, B1a and Blb, have very similar biological and toxicological properties. Certain reports unani-
mously recorded that abamectin has nematicidal efficient against the root-knot nematode and other genera in several crops (Jansson 
and Rabatin, 1997; Monfort., et al. 2006; Saad., et al. 2012 and Muzhandu., et al. 2014).

Similarly, emamectin benzoate, which follow avermectins group, were effective against root-knot nematodes according to the re-
ceived information from Jansson and Rabatin(1998), Abbas., et al. (2008) and Rehman., et al. (2009) , but emamectin was less effective 
than abamectin. 

In the last few years there has been an increasing interest in using soil amendments and other composted materials as tool of the 
biological control to suppress plant parasitic nematode (Akhter and Malik, 2000). Organic amendments are cover several sources and 
products, including animal manures (poultry, cattle), green manures from cover crops or crop residues, industrial wastes (oil seed 
cakes), or town wastes; they have or have not been composted, and they have or do not have a particular biocide activity; some are 
applied on top of the soil as mulches and others are incorporated into the soil (Collange., et al. 2011).

The usage of organic matter was described for the first time by Linford., et al. (1938), since then many reviews have focused on 
the use of organic amendments to control plant-parasitic nematodes (Rodríguez-Kábana, 1986; Akhtar and Malik, 2000; Oka, 2010; 
Thoden., et al. 2011 and El-Sherbiny and Awd Allah, 2014).

Furthermore, a lot of investigations about utilizing many plant residues, wastes and pre planting soil bio-fumigants as soil treat-
ment for managing plant-parasitic nematodes and other plant pathogens were documented by many authors (Hassan., et al. 2010; 
Anita, 2012; Kruger., et al. 2013 and El-Sherbiny and Awd Allah, 2014).

One of the exclusive approaches is using dried waste residues of certain ornamentals such as Bougainvillea spectabilis (Khalil and 
Shawky, 2008), Erythrina humenea (El-Sherbiny and Zen-El-Dein, 2012), Erythrina indica (Mohanty and Das, 1988), as soil amend-
ments.

Vegetables wastes and/or residues proved to be effective against plant nematodes especially those belong to Brassica plant species 
as Cabbage and Cauliflower (El-Sherbiny and Awd Allah, 2014). Similarly, amended soil with weeds like Chenopodium ambrosioides, 

Euphorbia peplus and Rumex dentatus as green leaf manures gave significant influence against root-knot nematodes (Montasser., et al. 
2012). 

Currently, there has been considerable pressure in agriculture to decrease chemical pesticides and to look for their better alterna-
tives. The plant kingdom is recognized as the most efficient producer of different biologically active compounds, which provide them 
with resistance against different pests. In present years some higher plant products have been formulated as eco-friendly botanical 
pesticides in managing agricultural pests. Botanicals are safe to the users and the environment. The products from higher plants are 
safe and economical and would be in high demand in the global pesticide market because of their diverse mode of application (Dubey., 
et al. 2011).

Bio-pesticides

Soil Amendments

Plant Extracts
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Different plants that belong to more than 57 families have nematicidal properties and it is possible to use these plants to manage 
root knot nematodes (Sukul, 1992).There is the need to develop effective and environmental friendly nematicides which are less toxic 
to man and animals but are effective against plant nematodes as synthetic ones. Following this, the nematicidal potential of some bo-
tanicals have been evaluated and some found to be toxic against the root knot nematodes (Adegbite and Adesiyan, 2005).

The usage of plant extracts for the management of root knot nematodes was carried out by many workers. Extracts prepared from 
different plants have been reported from time to time to have a variety of properties including insecticidal activity, repellence to pests, 
antifeedant effects, and insect growth regulation, toxicity to nematodes, mites and other agricultural pests, and also antifungal, antiviral 
and antibacterial properties against pathogens (Prakash and Rao, 1986 and 1997).

We can concluded that the field of plant nematodes management need to alternative approaches because of the shortage in avail-
able nematicides, in addition to the adverse effects of these chemical pesticides. On the other hand, all the above mentioned methods 
for managing plant parasitic nematodes are needed to use on wide scale. This culture must be widely disseminated to benefit the entire 
agricultural community, especially in the poor countries. These alternatives are highly reliable and effective.

Conclusion

References

1. Ibrahim HS., et al. “Evaluation of certain agrochemical and biological agents against Meloidogyne incognita on tomatoes”. Alexan-

dria Science Exchange Journal 31.1 (2010): 10-17.
2. Sukul NC. “Plant antagonistic to plant parasitic nematodes”. Indian Rev. Life Sci 12 (1992): 23-52.
3. Ibrahim SS., et al. “The cotton mealybug Phenacoccus solenopsis Tinsley (Hemiptera: Pseudococcidae) as a new insect pest on 

tomato plants in Egypt”. Journal of Plant Protection Research 55.1 (2015): 48-51.
4. Radwan MA. “Bioactivity of commercial products of Bacillus thuringiensis on Meloidogyne incognita infecting tomato”. Indian 

Journal of Nematology 37 (2007): 30-33.
5. Jatala P., et al. “Hatching stimulation and inhibition of Globodera pallida eggs by en¬zymatic and exopathic toxic compounds of 

some biocontrol fungi”. Journal of Nematology 17.4 (1985): 501. 
6. Jatala P. “Biological control of plant parasitic nematodes”. Annual Review of Phytopathology 24 (1986): 453-489.
7. Hassan MA., et al. “Nematodes threats to global food security”. Acta Agriculturae Scandinavica, Section B — Soil & Plant Science 

63.5 (2013): 420-425.
8. El-Sherbiny AA and Zen-El-Dein MM. “Utilization of pruning waste residues of certain ornamental trees and shrubs as pre-plant 

soil biofumigants in the management of the root-knot nematode, Meloidogyne incognita on tomato plants”. Egyptian Journal of 

Agronematology 11.2 (2012): 216-230.
9. Thoden TC., et al. “Organic amendments and their influences on plant-parasitic and free-living nematodes: a promising method for 

nematode management?” Nematology 13.2 (2011): 133-153.
10. Yu Z., et al. “The diverse nematicidal properties and biocontrol efficacy of Bacillus thuringiensis Cry6A against the root-knot nema-

tode Meloidogyne hapla”. Journal of Invertebrate Pathology 125 (2015): 73-80.
11. Collange B., et al. “Root-knot nematode (Meloidogyne) management in vegetable crop production: The challenge of an agronomic 

system analysis”. Crop protection 30.10 (2011): 1251-1262.
12. Anita B. “Crucifer vegetable leaf wastes as biofumigants for the management of root-knot nematode (Meloidogyne hapla Chit-

wood) in celery (Apium graveolens L.)”. Journal of Biopesticides 5 (2012): 111-114.
13. Khalil MS. “Alternative approaches to manage plant parasitic nematodes”. Journal of Plant Pathology and Microbiology 4 (2013): 

105. 
14. Abd El-Ghany NM. “Molecular evaluation of Bacillus thuringiensis isolates from the soil and production of transgenic tomato 

plants harboring Bt gene for controlling lepidopterous insects in Egypt. PhD dissertation”. Faculty of Science: Ain Shams University 
(2011):



623

Citation: Mohamed S Khalil and Dalia M Darwesh. “Some Integrated Practices to Manage Root-Knot Nematodes on Tomatoes: A Mini 
Review”. Innovative Techniques in Agriculture 3.2 (2018): 618-625.

Some Integrated Practices to Manage Root-Knot Nematodes on Tomatoes: A Mini Review

15. Food and Agricultural Organization [FAO]. “Undernourishment around the world. In: The state of food insecurity in the world 
2010”. 

16. Anonymous. “Agricultural Statistics Bulletin. Central Administration of Economic”. Ministry of Agriculture, Egypt (2013): 170. 
17. Anonymous. “Agricultural Statistics Bulletin. Central Administration of Economic”. Ministry of Agriculture, Egypt (2011): 184. 
18. Howeedy A., et al. “Tomato production and cultivate. Technique Bulletin No. 816 of Agricultural Research Center”. (2003): 84.
19. Haydock PPJ., et al. “Chemical control of nematodes. In: Perry RN, Moens M, Eds. Plant Nematology. Wallingford”. UK: CAB Interna-

tional (2006): 392-410.
20. Luc M., et al. “Plant parasitic nematodes in subtropical and tropical agriculture”. Wallingford, U.K: CAB International (1990): 629. 
21. Nicol JM., et al. “Current nematode threats to world agriculture. In: Jones JT, Gheysen G, Fenoll C, Eds.Genomics and molecular 

genetics of plant-nematode interactions”. Heidelberg, Germany: Springer (2011): 21-44.
22. Renčo M., et al. “Plants as natural sources of nematicides. In: Davis LM. Ed. Nematodes: Comparative Genomics, Disease Manage-

ment and Ecological Importance”. NOVA Science publisher (2014): 115-141.
23. Dubey NK., et al. “Global scenario on the application of natural products in integrated pest management programmes. In: Dubey 

NK. Ed. Natural products in plant pest management. London, UK”. CAB International (2011): 1-20.
24. Karssen G and Moens M. “Root-knot nematodes. In: Perry RN, Moens M. Eds. Plant nematology. Wallingford, UK”. CABI Publishing 

(2006): 59-90.
25. Stirling GR. “Biological Control of Plant Parasitic Nematodes: Progress, Problems and Prospects”. CAB International (1991): 220.
26. Prakash A and Rao J. “Botanical pesticides in agriculture. Boca Raton, USA”. CRC Lewis Publisher (1997): 481.
27. Prakash A and Rao J. “Evaluation of plant productsas anti-feedant against the rice storage insects”. Proc Symp Resid Environt Pollu-

tion (1986): 201-205.
28. Abbas W., et al. “Response of four tomato cultivars to Meloidogyne incognita infection and its chemical management”. Pakistan 

Journal of Nematology 26.1 (2008): 37-43. 
29. Adegbite AA and Adesiyan SO. “Root extracts of plants to control root knot nematode on edible soybean”. World Journal of Agricul-

tural Sciences 1.1 (2005): 18-21.
30. Akhtar M and Malik A. “Roles of organic soil amendments and soil organisms in the biological control of plant parasitic nematodes: 

a review”. Bioresource Technology 74.1 (2000): 35-47.
31. Atkinson HJ., et al. “Strategies for transgenic nematode control in developed and developing world crops”. Food Biotech and Plant 

Biotech 23.2 (2012): 251-256.
32. Brand D., et al. “Production of fungal biological control agents through solid state fermentation: A case study on Paecilomyces 

lilacinus against root-knot nematodes”. Micologia Aplicada International 22 (2010): 31-48.
33. Castagnone-Sereno P. “Genetic variability in parthenogenetic root-knot nematodes, Meloidogyne spp. and their ability to overcome 

plant resistance genes”. Nematologica 4 (2002): 605-608.
34. Chen Z X., et al. “Suppression of Meloidogyne arenaria race 1 by soil application of endospores of Pasteuria penetrans”. Journal of 

Nematology 28.2 (1996): 159-168.
35. Dawar S., et al. “Application of Bacillus species in control of Meloidogyne javanica (Treub) Chitwood on cowpea and mash bean”. 

Pakistan Journal of Botany 40 (2008): 439-444.
36. El-Sherbiny AA and Awd Allah SFA. “Management of the root-knot nematode, Meloidogyne incognita on tomato plants by pre-

planting soil biofumigation with harvesting residues of some winter crops and waste residues of oyster mushroom cultivation 
under field conditions”. Egyptian Journal of Agronematology 13.1 (2014): 189-202.  

37. Hallmann J., et al. “Biological control using microbial pathogens, endophytes and antagonists. In: Perry RN, Moens M, Starr J (eds) 
Root-Knot nematodes”. CABI Publishing (2009): 3800-411.

38. Hassan MA., et al. “Management of root-knot nematodes (Meloidogyne spp.) on tomato (Lycopersicon lycopersicon) using organic 
wastes in Zaria, Nigeria”. Plant Protection Science 46.1 (2010): 34-38.



624

Citation: Mohamed S Khalil and Dalia M Darwesh. “Some Integrated Practices to Manage Root-Knot Nematodes on Tomatoes: A Mini 
Review”. Innovative Techniques in Agriculture 3.2 (2018): 618-625.

Some Integrated Practices to Manage Root-Knot Nematodes on Tomatoes: A Mini Review

39. Ibrahim HS., et al. “Evaluation of certain agrochemical and biological agents against Meloidogyne incognita on tomatoes”. Alexan-

dria Science Exchange Journal 31.1 (2010): 10-17.
40. Izuogu NB and Abiri TO. “Efficacy of Trichoderma harzianumT22 as a biocontrol agent against root-knot nematode (Meloidogyne 

incognita) on some soybean varieties”.  Croatian Journal of Food Science and Technology 7.2 (2015): 47-51.                                                                                    
41. Jansson RK and Rabatin S. “Curative and residual efficacy of injection applications of avermectins for control of plant-parasitic 

nematodes on banana”. Journal of Nematology 29.4 (1997): 695-702.         
42. Jansson RK and Rabatin S. “Potential of foliar, dip, and injection applications of avermectins for control of plant-parasitic nema-

todes”. Journal of Nematology 30.1 (1998): 65-75.
43. Jatala P., et al. “Field application of Paecilomyces lilacinus for controlling Meloidogyne incognita on potatoes”. Journal of Nematol-

ogy 12 (1980): 226-227.
44. Kaur DN., et al. “Effect of different chemicals on root knot nematode in seed beds of tomato”. Research in Plant Disease 26.2 (2011): 

170-170.
45. Khalil MS. “The potential of five eco-biorational products on the reproduction of root-knot nematode and plant growth”. ESci 

Journal of Plant Pathology 2.2 (2013): 84-91.
46. Khalil AE and Shawky SM. “Combination of the nematophagous fungus Paecilomyces lilacinus and aqueous leaf extracts in control-

ling Meloidogyne javanica infecting potato”. Egyptian Journal of Agronematology 6.2 (2008): 185-196.                                                           
47. Kiewnick S and Sikora RA. “Efficacy of Paecilomyces lilacinus (strain 251) for the control of root-knot nematodes”. Communica-

tions in Agricultural and Applied Biological Sciences 68 (2003): 123-128.                       
48. Kiewnick S and Sikora RA. “Biological control of the root-knot nematode Meloidogyne incognita by Paecilomyces lilacinus strain 

251”. Biological Control 38.2 (2006): 179-187.
49. Koul O., et al. “Essential Oils as Green Pesticides: Potential and Constraints”. Biopesticides International 4 (2008): 63-84.
50. Kruger DHM., et al. “Cover crops with biofumigation properties for the suppression of plant-parasitic nematodes: A review”. South 

African Journal of Enology and Viticulture 34.2 (2013): 287-295.
51. Lasota JA and Dybas RA. “Abamectin as a pesticide for agricultural use”. Acta Leiden 59 (1990): 217-225. 
52. Linford M B., et al. “Reduction of soil populations of the root-knot nematode during decomposition of organic matter”. Soil Science 

45.2 (1938): 127-141.
53. Mohanty KC and Das SN. “Nematicidal properties of Erythrina indica against Meloidogyne incognita and Tylenchorhynchus 

mashhoodi”. Indian Journal of Nematology 18.1 (1988): 138.
54. Monfort WS., et al. “Efficacy of a novel nematicidal seed treatment against meloidogyne incognita on cotton”. Journal of Nematol-

ogy 38.2 (2006): 245-249.
55. Montasser SA., et al. “Influence of decomposing of some green leaf weeds on sunflower plants infected with Meloidogyne incog-

nita”. Egyptian Journal of Agronematology 11.2 (2012): 193-204.
56. Morgan-Jones G., et al. “Phytonematode pathology: Ultrastructural Studies. 2. Parasitism of Meloidogyne arenaria eggs and larvae 

by Paecilomyces lilacinus”. Nematropica 14 (1984): 57-71.
57. Muzhandu RT., et al. “Efficacy of abamectin for the control of root knot nematodes in tobacco seedling production in Zimbabwe”. 

African Journal of Agricultural Research 9.1 (2014): 144-147.
58. Oka Y. “Mechanisms of nematode suppression by organic soil amendments - a review”. Applied Soil Ecology 44.2 (2010): 101-115.
59. Pitterna T., et al. “New ventures in the chemistry of avermectins”. Bioorganic & Medicinal Chemistry 17.12 (2009): 4085-4095.
60. Prakob W., et al. “Biological control of lettuce root knot disease by use of Pseudomonas aeruginosa, Bacillus subtilis and Paecilo-

myces lilacinus”. Journal of Agricultural Technology 5 (2009): 179-191.
61. Radwan MA., et al. “Biological control of the root-knot nematode, Meloidogyne incognita on tomato using bioproducts of microbial 

origin”. Applied Soil Ecology 56 (2012): 58-62. 
62. Randhawa N., et al. “Management of root-knot nematode Meloidogyne incognita in tomato with organic amendments”. Research in 

Plant Disease 16 (2001): 274-276. 



625

Citation: Mohamed S Khalil and Dalia M Darwesh. “Some Integrated Practices to Manage Root-Knot Nematodes on Tomatoes: A Mini 
Review”. Innovative Techniques in Agriculture 3.2 (2018): 618-625.

Some Integrated Practices to Manage Root-Knot Nematodes on Tomatoes: A Mini Review

63. Rehman AU., et al. “Protective and curative effect of bio-products against the invasion and development of root-knot nematodes in 
tomato”. Pakistan Journal of Phytopathology 21 (2009): 37-40.

64. Rodriguez-Kabana R. “Organic and inorganic nitrogen amendments to soil as nematode suppressants”. Journal of Nematology 18.2 
(1986): 129-135.  

65. Saad ASA., et al. “Activity of nemathorin, natural product and bioproducts against root-knot nematodes on tomatoes”. Archives of 

Phytopathology and Plant Protection 45.8 (2012): 955-962. 
66. Sharma IP and Sharma AK. “Effects of initial inoculums levels of Meloidogyne incognita J2 on development and growth of Tomato 

cv. PT-3 under control conditions”. African Journal of Microbiology Research 9.20 (2015): 1376-1380. 
67. Trudgill DL and Blok VC. “Apomictic, polyphagous root-knot nematodes: exceptionally successful and damaging biotrophic root 

pathogens”. Annual Review of Phytopathology 39 (2001): 53-77.

Submit your next manuscript to Scientia Ricerca Open Access 
and benefit from:

→ Prompt and fair double blinded peer review from experts
→ Fast and efficient online submission
→ Timely updates about your manscript status
→ Sharing Option: Social Networking Enabled
→ Open access: articles available free online
→ Global attainment for your research

Submit your manuscript at:
https://scientiaricerca.com/submit-manuscript.php

https://scientiaricerca.com/submit-manuscript.php

