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ABSTRACT

This survey was conducted in four locations of Ismailia governorate in the north eastern part of
Egypt during the 2020-2022 seasons to investigate occurrence, population density and
distribution of plant-parasitic nematodes associated with various crops. A total of 440 soil
samples, were collected from infested fruit trees viz. grape (Vitis vinifera L.), guava (Psidium
guajava L.), olive (Olea europaea L) and pomegranate (Punica granatum L.) and vegetable
crops viz. green bean (Phaseolus vulgaris L.), pea (Pisum sativum L.), strawberry (Fragaria
ananassa) and tomato (Solanum lycopersicum L.). Ten plant parasitic nematodes genera have
been identified. The root- knot nematodes, Meloidogyne had the highest mean density over any
nematode taxa in the tested samples. The highest density values of Meloidogyne were recorded
on olive, grape and guava trees that amounted to 800, 640 and 200 juveniles/250 g soil.
respectively. However, the maximum densities for Tylenchorhynchus were 160, 180, 120, and
120 juveniles /250 g soil for grape, guava, olive, and pomegranate, respectively. The maximum
density values for Helicotylenchus were 180, 120 and 40 juveniles /250 g soil for guava, olive
and pomegranate, respectively. Other genera were found at low density i.e. Criconemoides,
Trichodorus, Xiphinema, Longidorus, and Pratylenchus. The root knot nematodes have been
nearly found in all vegetable crops. The maximum densities for Meloidogyne were 600, 200,
240 and 720 juveniles /250 g soil for green bean, pea, strawberry and tomato, respectively.
Generally obtained data indicated that plant-parasitic nematodes are considered as a serious
threat to such plant species under variable agronomic and climatic conditions that need to
further developed and implemented of control measures.
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INTRODUCTION

Plant-parasitic nematodes are widely regarded as one of the most serious biotic dangers
to crops globally. Nematodes, either alone or in conjunction with other soil microbes,
harmed nearly every component of the plant, including roots, stems, leaves, fruits, and
seeds. Nematode infection can lead to secondary infection with fungal and bacterial
pathogens and even transmission of plant-infecting viruses that negatively affect the
yield quantity (Tileubayeva et al., 2021). The most typical indications of nematode
infection are reduced root development, symptoms that resemble symptoms of mineral
deficiencies, and perpetual plant mortality. Stunted growth, decreased vyield, and leaf
chlorosis is some of the indirect and relatively minor indications of nematode infection
in terrestrial plants (Tileubayeva et al., 2021). Plant-parasitic nematodes cause an
annual loss of 12.3% of 40 major crops on a global scale. Annually, losses are higher
in developing countries (14.6%) than in developed countries which recorded (8.8%).
Economic crop yield losses due to plant parasitic nematodes in key crops have been
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estimated at US$173 billion (Kumar et al., 2020). Vegetable crops are usually among
the most susceptible to nematodes. The decline in vegetable yield can sometimes reach
about 29% in susceptible genotypes (Sabeh et al., 2019). Due to the intensive cultivation
of vegetable crops, there is a greater likelihood of an increase in the population of
nematodes, as well as minor pests that will become large pests. There are several
vegetable-associated nematode species, that's causing significant yield losses, while
others, cause minor injury (Anupriya et al., 2019). Most harmful plant-parasitic
nematodes are the root-knot nematodes, Meloidogyne spp., which are generally
responsible for vegetable crop losses worldwide (Almohithef et al., 2018). The
destruction of such nematodes is one of the most important limiting factors in fruit tress
production. Fruit trees which are inherently perennial, harbor and encourage nematode
population build-up, resulting in reduced yields and poor fruit quality such as citrus,
banana, grapevine, pineapple, olive, pomegranate and papaya (Bahadur, 2021).
Parasitic nematode infections are not often noticed by farmers and are sometimes
mistaken for water or nutrient deficits. In comparison to foliar diseases and insect pests,
plant parasitic nematodes have fewer monitoring systems and practical management
strategies. Moreover, scientific evidence related to nematode problems in agriculture is
still limited and lacking.

Therefore, the current study aimed to determine the frequency and occurrence of
plant-parasitic nematodes associated with vegetable crops and fruit trees in Ismailia
governorate to identify the predominant nematode genera and species under such
conditions.

MATERIALS AND METHODS

Samples Collection

A nematological survey was conducted at four different locations in Ismailia
governorate, located at the north eastern of Egypt, viz. Abu Suwer, Ismailia, Kasaseen
and Tell El Kebir-during 31 August 2020 to 31 July 2022 seasons on four species of
fruit trees (grape, guava, olive and pomegranate) as well as four species of vegetable
crops (green bean, pea, strawberry and tomato) were surveyed as shown in Fig.(1) and
Table (1).
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Figure 1: Map of Ismailia governorate from which four locations were surveyed
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Table 1: A list of the examined host plants in Ismailia governorate.

Type of host Common name Scientific name Family name
plant
Fruit trees Grape Vitis vinifera L. Vitaceae
Guava Psidium guajava L. Myrtaceae
Olive Olea europaea L. Oleaceae
Pomegranate Punica granatum L. Lythraceae
Vegetable crops Green Bean Phaseolus vulgaris L. Leguminosae
Pea Pisum sativum L. Fabaceae
Strawberry Fragaria ananassa Duchesne Rosaceae
Tomato Solanum lycopersicum L. Solanaceae

A total of 440 soil and root samples were collected from the rhizosphere of such plants
up to 15 cm from the base of the plants and at a depth of 15 cm in vegetable crops. For
fruit trees, samples were taken 20-50 cm from the base of the plants and to a depth of
25-30 cm, according to the plant species and its age. A conventional soil probe (2.5 cm
diameter, 30 cm depth) was used for collecting soil samples. Root and soil samples
were placed in plastic bags, labelled and recorded. Nematodes were extracted from a
composite 250 g soil sample using Cobb’s wet-sieving and centrifugal sucrose flotation
techniques (Ayoub, 1980). Nematodes were fixed in a 2% hot formaldehyde solution,
assigned to genus, and counted through a binocular stereomicroscope. Specimens were
fixed in 5% formaldehyde solution, processed to anhydrous glycerol (Seinhorst, 1959)
and examined under a compound microscope for species identification. Population
Density (P.D.) and Frequency of Occurrence % (F.O. %) were calculated as follows:
Population Density (P.D.) = Total numbers of individuals of each genus per 250g soil/
Number of samples containing this genus. Frequency of Occurrence % (F.O. %) =
Number of samples containing a certain genus/ total number of collecting samples X
100.

Nematode Identification

Root samples were thoroughly washed using tap water, then Meloidogyne females
were isolated from the galled root tissue and then identified depending on the perennial
patterns of adult females. Roots with lesions were chopped into small pieces and placed
in water for 36-48 hours. Host plant species were chosen because they were either
abundant, economically important, showed some disease symptoms (poor growth,
yellowing, etc.), or had not been previously comprehensive examined for nematode
infestation. The identification of nematodes was based on adult and juveniles
morphology (Sher, 1966; Dasgupta et al., 1969; Golden, 1971; Esser, 1973; Tarjan,
1973; Brezeski, 1974; Mai and Lyon, 1975; Raski, 1975; Taylor and Sasser, 1978;
Germani and Baldwin, 1985; Handoo and Golden; 1989; Handoo, 2000).

RESULTS
Plant-parasitic nematodes genera associated with certain fruit trees
Obtained results revealed that ten of plant-parasitic nematodes genera were associated
with different fruit trees within surveyed localities of Ismailia governorate. Data

presented in Tables (2 & 3) showed the population density (P.D.) and frequency of
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occurrence percentage (F.0.%) of plant parasitic nematodes genera (Criconemoides,
Helicotyleuchus, Longidorus, Meloidogyne, Pratylenchus, Rotylenchulus, Trichodorus,
Tylenchorhynchus, Tylenchulus and Xiphinema). Root-knot nematode, Meloidogyne
was the most prevalent genus in grape and guava assays as stated in 94.5and 61.6% of
all studied soil samples, respectively (Table 2). The second most common genus was
the stunt nematode, Tylenchorhynchus, which was found in 10.25 and 37.5% of grape
and guava trees soil samples, respectively.

Table 2: Population density (P.D.) and frequency of occurrence (F.O.%) of nematode
genera associated with grape and guava fruit trees in studied locations of Ismailia
governorate.

Host plant Location Nematode genera P.D. F.O. (%)
Helicotyleuchus 80 8
Meloidogyne 580 86
Abu Suwer Rotylenchulus 40 5
Grape Trichodorus 20 2
Tylenchorhynchus 100 10
Xiphinema 60 12
Ismailia Helicotyleuchus 40 6
Longidorus 40 3
Meloidogyne 640 100
Rotylenchulus 60 4
Tylenchorhynchus 120 12
Xiphinema 120 14
Meloidogyne 600 100
Kasaseen Pratylenchus 20 2
Rotylenchulus 80 10
Tylenchorhynchus 160 10
Tylenchulus 80 4
Xiphinema 60 5
Helicotyleuchus 60 7
Tell El Kebir Longidorus 40 4
Meloidogyne 520 92
Rotylenchulus 80 4
Tylenchorhynchus 60 9
Xiphinema 100 10
Abu Suwer Meloidogyne 200 55
Xiphinema 40 5
Tylenchorhynchus 180 50
Helicotyleuchus 180 24
Ismailia Meloidogyne 120 60
Tylenchorhynchus 140 50
Guava Helicotyleuchus 140 20
Kasaseen Pratylenchus 20 3
Tylenchorhynchus 180 25
Helicotyleuchus 160 19
Tell El Kebir Meloidogyne 200 70
Trichodorus 40 2
Tylenchorhynchus 120 25

Population Density (P.D.) = Total numbers of individuals of each genus per 2509 soil/ Number of samples containing
this genus. Frequency of Occurrence % (F.O. %) = Number of samples containing a certain genus/ total number of
collecting samples X 100.

Other frequently detected genera were Rotylenchulus and Xiphinema both occurred
between 5.75 and 10.25% of the grape samples. While the commonly recorded-spiral
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nematode, Helicotylenchus was present in 21% of guava in all soil samples (Table 2).
In the current survey, Meloidogyne incognita, Rotylenchulus reniformis and
Tylenchulus semipenetrans were identified. During the current survey of olive and
pomegranate orchards, frequency of occurrence of nematode genera in collecting soil
samples, revealed that Meloidogyne was the most common genus which occurring in
91.5 and 35.5% of all studied soil samples, respectively (Table 3). The second most
common genus was Tylenchorhynchus, which was revealed in 13.3% of all studied
pomegranate soil samples. Consistent with the mean population densities of nematode
genera found in soil samples from different surveyed fruit trees, Meloidogyne achieved
the highest mean densities of any nematode taxa recording 800, 640 and 200
juveniles/250 g soil on olive, vine and guava trees, respectively (Tables 2 & 3) and Fig.
(2).

Table 3: Population density (P.D.) and frequency of occurrence (F.0.%) of nematode
genera associated with olive and pomegranate fruit trees in studied locations of Ismailia
governorate.

Host plant Location Nematode genera P.D. F.O. (%)
Abu Suwer Criconemoides 80 10
Longidorus 40 2
Meloidogyne 680 96
Olive Ismailia Helicotyleuchus 80 14
Meloidogyne 600 90
Trichodorus 20 2
Helicotyleuchus 120 16
Kasaseen Meloidogyne 800 88
Tylenchorhynchus 120 8
Xiphinema 20 3
Tell El Kebir Meloidogyne 720 92
Tylenchorhynchus 120 15
Abu Suwer Meloidogyne 200 45
Tylenchorhynchus 120 17
Ismailia Meloidogyne 140 42
Pomegranate Tylenchorhynchus 80 5
Kasaseen Helicotyleuchus 40 2
Longidorus 60 4
Meloidogyne 240 40
Tell El Kebir Meloidogyne 100 15
Tylenchorhynchus 120 18

Population Density (P.D.) = Total numbers of individuals of each genus per 250g soil/ Number of
samples containing this genus. Frequency of Occurrence % (F.O. %) = Number of samples containing
a certain genus/ total number of collecting samples X 100.

The maximum densities for Tylenchorhynchus were 160, 180, 120, and 120
nematodes/250 g soil for grape, guava, olive, and pomegranate, respectively. The
maximum densities for Helicotylenchus were 180, 120, and 40 nematodes/250 g soil
for guava, olive, and pomegranate, respectively. Other genera found at low density were
Criconemoides, Trichodorus, Xiphinema, Longidorus, and Pratylenchus.

Plant-parasitic nematodes genera associated with vegetable crops

Obtained data in Tables (4&5) revealed the presence of seven plant parasitic nematodes
genera associated with various studied vegetable crops in tested localities of Ismailia
governorate. Population density (P.D.) and frequency of occurrence (F.0.%) of
Criconemoides, Helicotyleuchus, Meloidogyne, Rotylenchulus, Trichodorus,
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Tylenchorhynchus and Xiphinema were recorded. Meloidogyne species representing M.
incognita, M. javanica and M. arenaria were found associated with 84, 12 and 4% of
surveyed vegetable crops, respectively. Nematode genera frequency in soil samples
collected from green bean, pea, strawberry and tomato vegetable crops revealed that
Meloidogyne was the most common genus with values 89.0, 69.0, 59.0 and 93.0% of

total soil samples of such crops, respectively.
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Figure 2: Population densities of Meloidogyne in fruit trees grown in four locations of
Ismailia governorate.

Table 4: Population density (P.D.) and frequency of occurrence (F.0.%) of nematode
genera associated with green bean and pea vegetable crops in the studied locations of
Ismailia governorate.

Host plant Location Nematode genera P.D. F.O. (%)
Abu Suwer Meloidogyne 420 89
Rotylenchulus 60 12
Tylenchorhynchus 120 24
Green bean Ismailia Meloidogyne 400 85
Rotylenchulus 80 11
Xiphinema 20 2
Kasaseen Criconemoides 60 5
Meloidogyne 500 90
Tylenchorhynchus 200 20
Tell El Kebir Criconemoides 60 3
Meloidogyne 600 92
Tylenchorhynchus 100 8
Abu Suwer Meloidogyne 120 72
Rotylenchulus 40 3
Ismailia Meloidogyne 200 80
Tylenchorhynchus 120 55
Helicotyleuchus 20 1
Kasaseen Meloidogyne 100 65
Pea Xiphinema 20 2
Tell El Kebir Meloidogyne 120 60
Tylenchorhynchus 80 45
Xiphinema 20 2

Population Density (P.D.) = Total numbers of individuals of each genus per 250g soil/ Number of
samples containing this genus. Frequency of Occurrence % (F.O. %) = Number of samples containing a
certain genus/ total number of collecting samples X 100.
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Table 5: Population density and frequency of occurrence of nematode genera
associated with tomato and strawberry vegetable plants in the studied locations of
Ismailia governorate.

Host plant Location Nematode genera P.D. F.O. (%)
Criconemoides 40 3
Abu Suwer Meloidogyne 220 87
Pratylenchus 40 3
Xiphinema 20 2
Strawberry Longidorus 40 4
Ismailia Meloidogyne 200 60
Tylenchorhynchus 100 14
Kasaseen Meloidogyne 240 14
Xiphinema 60 5
Tell EI Kebir Meloidogyne 180 75
Tylenchorhynchus 60 12
Longidorus 60 4
Abu Suwer Meloidogyne 620 90
Tylenchorhynchus 100 11
Xiphinema 20 2
Tomato - Meloidogyne 720 100
Ismailia Tylenchorhynchus 160 14
Helicotyleuchus 40 3
Kasaseen Meloidogyne 660 100
Trichodorus 20 2
Tell EI Kebir Criconemoides 60 3
Meloidogyne 580 85
Pratylenchus 20 2

Population Density (P.D.) = Total numbers of individuals of each genus per 250g soil/ Number of samples containing
this genus. Frequency of Occurrence % (F.O. %) = Number of samples containing a certain genus/ total number of
collecting samples X 100
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Figure 3: Population densities of Meloidogyne in vegetable crops grown in four
locations of Ismailia governorate

Nematode genera frequency in soil samples collected from green bean, pea, strawberry
and tomato vegetable crops revealed that Meloidogyne was the most common genus
with values 89.0, 69.0, 59.0 and 93.0% of total soil samples of such crops, respectively.
Other frequently recorded genera were Rotylenchulus and Tylenchorhynchus and, both
of which occurred between 11.5 and 17.3% of the green bean cultivated soil samples.
Root-knot nematodes have been found in the root and soil of all studied vegetable crops.
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The maximum densities for Meloidogyne were 600, 200, 240 and 720 nematodes/ 250
g soil for green bean, pea, strawberry and tomato, respectively (Fig.3).
Tylenchorhynchus was found in all soil samples, the maximum densities were 200, 120,
100, and 160 individuals/250g soil for green bean, pea, strawberry and tomato,
respectively.

DISCUSSION

Agricultural practices under mixed-crop systems are resulted in increased biodiversity
and activity of soil organisms that may affect plant-parasitic nematodes (Freckman,
1988; Griffiths et al., 1994). Plant parasitic nematodes genera commonly found in the
governorate of Ismailia were stated to be Meloidogyne, Tylenchorhynchus,
Rolylenchulus, Helicotylenchus and Pratylenchus, which were found mainly under
Egyptian agriculture having same climatic and environmental factors, such as sandy
soil (Ibrahim et al., 2000). Meloidogyne, was the most abundant genus of pathogenic
nematodes as it is common in most Egyptian soils (Abou EI-Naga et al., 1985; Korayem
et al.,, 2011). Differences in the distribution of nematodes are not clearly known
(Norton, 1978), our study concludes that the samples collected from these areas
revealed the distribution of pathogenic nematodes under the same environmental
conditions prevailing there and the host cultivated plant may be partly responsible for
these distribution and population differences of some nematode species.

Results showed that among plant-parasitic nematodes infecting grapes, the root-
knot nematode, Meloidogyne spp., was more common in 94.5% of all studied soil
samples, followed by Xiphinema and Tylenchorhynchus. Mohamed et al. (2017) found
similar results in the governorates of Giza, Qualiabia and Behaira. Data also showed
that the highest plant-parasitic nematodes associated with guava and olive fruit trees
were the root-knot nematode, Meloidogyne which was detected in 61.6 and 91.5% of
all studued soil samples, respectively, followed by the stunt nematode,
Tylenchorhynchus spp., and the spiral nematode, Helicotyleuchus sp. These results are
confirmed by Ibrahim and Handoo (2016) in Alexandria governorate.

Root-knot nematode, Meloidogyne was a widespread genus in pomegranate fruit
trees soil samples collected from four localities in Ismailia governorate. These results
agreed with those obtained by Korayem et al. (2014) under North Sinai conditions. In
the meantime, results show that root knot nematodes, Meloidogyne spp., are widespread
in the studied areas in green beans, tomatoes and peas vegetable crops. These results
are consistent with Ibrahim and Mokbel (2009) in respect to Alexandria and El-Behera
governorates. Meloidogyne spp., are a global threat to crop production, causing about
5% crop loss worldwide, which may vary from crop to crop and from country to country
(Taylor and Sasser, 1978; Sasser, 1980). The level of damage depends on the nematode
population density, the prevailing environmental conditions as well as the type of host
plant (Korayem et al., 2014). Despite the occurrence, Meloidogyne was associated with
over 85% of all surveyed vegetable crops and particularly dense in surveyed samples,
specially tomatoes (Adam et al., 2013). Tomato grown in greenhouses was a preferred
as a host plant to M. incognita, which could reach mean densities of up to 800,640
juveniles/250 g of soil in olives and grapes. While it is 720 juveniles/250g of tomato
potting soil (Adam et al., 2013).). Under conventional vegetable production system,
Meloidogyne has reportedly recorded population densities of 233 juveniles/100 g soil
(Haroon and Osman, 2003; Bakr et al., 2011).

The current survey results showed that RKNs are widespread in the studied
vegetable growing areas of Ismailia governorate, while the incidence varied between
different locations. Such difference may be related to soil type (Starr et al., 1993; Anwar
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et al., 2007). Typically, arable areas with soils with a higher proportion of sand had
higher populations of M. incognita compared to fields with low sand content (Robbins
et al., 1989; Wrather et al., 1992; Lawrence et al., 1997; Ogbuji, 2004). This may also
be a result of a different circumstances, including variations in plants and their
developmental stages, specific agricultural techniques that support natural control, or
the application of compost and some biological control agents. This might also be
attributed to variations in temperature, as well as, soil moisture.

Slightly lower densities of Rotylenchulus were found in grapes and green beans with
densities mean values of 50 and 70 nematodes/250 g soil, compared to 429 and 20
individuals/100 g soil (Adam et al., 2013) in El-Sharkia governorate. Virus-borne
nematodes (Longidorus spp., Trichodorus spp. and Xiphinema spp.) were found at
lower densities in the fruit and vegetable crops examined samples, whether vegetable
or fruit samples. These nematodes are known to transmit some plant viruses that cause
some viral diseases in crops in Europe (Brown et al., 2004), but their economic
importance as vectors of plant viruses under Egyptian conditions requires further
studies.

CONCLUSION

The results of the review study provide important information on genera and species
of plant-parasitic nematodes correlated with different crops and trees grown in Egypt.
Also, the possible potential nematode pests crop damage and economic impacts. This
can help in the development of appropriate necessary different plans to control these
nematode pests through environmentally friendly methods that result in an increase in
economic agricultural productivity.

REFERENCES

Abou EI-Naga, M.M.; Mahros, M.E. and Montasser, S.A. (1985). A survey of
nematodes associated with vegetable crops in Egypt. J. Agric. Res., Tanta Univ.
11(3): 547-553.

Adam, M.; Heuer, H.; Ramadan, E. M.; Hussein, M. A. and Hallmann, J. (2013).
Occurrence of plant-parasitic nematodes in organic farming in Egypt. Int. J.
Nematol. 23, 82-90.

Almohithef, A.H.; Al-Yahya, F.A.; Al-Hazmi, A.S.; Dawabah, A.A.M. and Lafi, H.A.(
2018). Prevalence of plant-parasitic nematodes associated with certain
greenhouse vegetable crops in Riyadh region, Saudi Arabia. J. Saudi Soc. Agric.
Sci. 19 (1): 22-25. https://doi.org/10.1016/j.jssas.2018.05.001.

Anupriya, P.;Anita, B.; Kalaiarasan, P. and Karthikeyan, G. (2019). Population
dynamics and community analysis of plant parasitic nematodes associated with
carrot, potato and garlic in the Nilgiris district, Tamil Nadu. J. Entom. and Zool.
Stud. 7: 627-630.

Anwar, S.A.;A. Zia M. Hussain and Kamran M, .( 2007). Host suitability of selected
plants to Meloidogyne incognita in the Punjab, Pak. Int. J. Nematol. 17:144-150.

Ayoub, S.M. (1980). Plant Nematology, an agricultural training aid. Secramanto,
California, USA, Nema aid Publications, p 195.

Bahadur, A. (2021). Nematodes Diseases of Fruits and Vegetables Crops in India. In
Nematodes-Recent Advances, Management and New Perspectives. IntechOpen.

Bakr, R. A., Mahdy M. E.and Mousa E. M. (2011). A survey of root-knot and citrus
nematodes in some new reclaimed lands in Egypt. Pak. J. Nematol. 29: 165- 170.

Brezeski, M. (1974). Taxonomy of Hemicycliophorinae (Nematoda, Tylenchida).
Zeszyty Prolemowe Postepow Nauk Roloniezyeh 154:237-330.

Egypt. J. Agronematol., Vol. 21, No.2 (2022)


https://doi.org/10.1016/j.jssas.2018.05.001

Sahar et al. 119

Brown, D.J.F; Zheng, J. and Zhou, X. (2004). Virus Vectors. Pp: 717-770. In: Chen Z.
X., S.Y. Chenand Dickson D.W. (eds). Nematology: Advances and Perspectives,
Nematode Management and Utilization. VVol. 2. CAP International, Wallingford,
UK. Development, Raleigh, North Carolina State Graphics, 111pp.

Dasgupta, D. R.; Raski D. J. and Van Gundy S. D. (1969). Revision of the genus
Hemicriconemoides  Chitwood and  Birchfield, 1957 (Nematoda:
Criconematidae). J. Nematol. 1:126-145.

Esser, R. P. (1973). A diagnostic compendium of the genus Xiphinema Cobb, 1913.
Proceedings of Soil and Crop Science Society of Florida 33:88-92.

Freckman, D. W. (1988). Bacterivorous nematodes and organic-maner decomposition.
Agric. Fmosystems Environ. 24: 195-217.

Germani, G. and Baldwin J. G. (1985). Revision of the genus Scutellonema Andrassy,
1958 (Nematoda: Tylenchida). Revue de Ne"matologie 8:289-320.

Golden, A. M. (1971). Classification of the genera and higher categories of the order
Tylenchida (Nematoda). Pp. 191-232 in B. M. Zuckerman, W. F. Mai, and R. A.
Rohde, eds. Plant parasitic nematodes. vol. 1, morphology, anatomy, taxonomy,
and ecology. New York: Academic Press.

Griffiths, B. S.; Ritz K. and Wheatley R. E. (1994). Nematodes as indicators of
enhanced microbiological activity in a Sconish organic farming system. Soil Use
Manag. 10: 20-24.

Handoo, Z. A. (2000). A key and diagnostic compendium to the species of the genus
Tylenchorhynchus Cobb, 1913 (Nematoda: Belonolaimidae). J. Nematol. 32:20-
34.

Handoo, Z. A. and Golden A. M. (1989). A key and diagnostic compendium to the
species of the genus Pratylenchus Filipjev, 1936 (lesion nematodes). J. Nematol.
21:202-218.

Haroon, S. A. and Osman E. M. (2003). Nematode presence in Sadat and Tahrir areas
with detection of genetic variabilities within root- knot nematode population.
Assiut J. Agric. Sci. 34: 201-223.

Ibrahim, I. K. A. and Handoo, Z. A. (2016). Occurrence of phytoparasitic nematodes
on some crop plants in northern Egypt. Pak.J. Nematol. 34(2):163-169.

Ibrahim, I. K., and Mokbel, A. A. (2009). Occurrence and distribution of the root-knot
nematodes Meloidogyne spp. and their host plants in Northern Egypt. Egypt. J.
Exper. Biol.(Bot.), 5: 1-7.

Ibrahim, I.K.A.; Handoo, Z.A. and ElI-Sherbiny A.A. (2000). A survey of phytoparasitic
nematodes on cultivated and non- cultivated plants in northwestern Egypt. Suppl,
to J. Nematol. 32(45): 478-485.

Korayem, A. M.; Youssef, M. M. A.; Mohamed, M. M. M., and Lashein, A. M. S.
(2014). A survey of plant parasitic nematodes associated with different plants in
North Sinai. Mid East J Agric Res. 3(3): 522-529.

Korayem, A.M.; Youssef, M.M.A.; Ahmed, M.M. and Mohamed, M.M.M. (2011).
Distribution and association of plant - parasitic nematodes with some oil crops in
Egypt. Pak. J. Nematol. 29(1): 79-91.

Kumar, V.; Khan, M. R. and Walia, R. K. (2020). Crop loss estimations due to plant-
parasitic nematodes in major crops in India. Nat. Acad. Sci. Lett. 43(5): 409-412.

Lawrence, G.W.; Mclean K.S. and Hankins G. (1997). Root-knot and reniform
nematodes associated with cotton production in Mississippi. p. 98-99. In: Proc.
Beltwide Cotton Conf., New Orleans, LA 6-10 Jan. National Cotton Councial of
America, Memphis, TN.

Egypt. J. Agronematol., Vol. 21, No.2 (2022)



Plant-Parasitic Nematodes Associated with Different Plants..... 120

Mai, W.F, and Lyon, H.H. (1975). Pictorial key to genera of plant - parasitic
nematodes. Ithaca, NY: Cornell University Press.

Mohamed, M.; Korayem, A., Montasser, S.; Anany, A. and Al-Baghdady, D. (2017).
Phytoparasitic nematodes associated with different cultivars of grape grown in
two types of soil in Egypt. Egypt. J. Agronematol. 16(2): 85-94.

Norton, D.C. (1978). Ecology of Plant Parasitic Nematodes. Wiley, N.Y., p.268.

Ogbuji, R.O. (2004). Soil depth distribution of the root-knot nematode (Meloidogyne
incognita) from two farmlands in a humid tropical environment. Geo J. 5: 79-80.

Raski, D. J. (1975). Revision of the genus Paratylenchus Micoletzky, 1922, and
descriptions of new species. Part 11, of three parts. J. Nematol. 7:274-295.

Robbins, R.T.; Riggs R.D. and Steen D. VVon. (1989). Phytoparasitic nematode surveys
of Arkansas cotton fields, 1986-1988. J. Nematol. 21: 619-623.

Sabeh, M.; Lord, E.; Grenier, E.; St-Arnaud, M. and Mimee, B. (2019). What
determines host specificity in hyperspecialized plant parasitic nematodes?.BMC
Genom. 20 (1), 457.

Sasser, J. N. (1980). Root-knot nematodes: a global menace to crop production. Plant
Dis. 64(1): 36-41.

Seinhorst, J. W. (1959). A rapid method for the transfer nematodes from fixative to
anhydrous glycerine. Nematology 4: 67-609.

Sher, S. A. (1966). Revision of the Hoplolaiminae (Nematoda) VI. Helicotylenchus

Steiner, 1945 Nematol. 12:1-56.

Starr, J. L.; Heald, C. M.; Robinson, A. F.; Smith, R. G., and Krausz, J. P. (1993).
Meloidogyne incognita and Rotylenchulus reniformis and associated soil textures
from some cotton production areas of Texas. J. Nematol. 25(4S): 895-899.

Tarjan, A. C. (1973). A synopsis of the genera and species in the Tylenchorhynchinae
(Tylenchoidea, Nematoda). Proceedings of the Helminthological Society of
Washington 40:123-144.

Taylor, A.L., and Sasser, J.N. (1978). Biology, identification and control of root-knot
nematodes (Meloidogyne species.). A Cooperative Publication of the Department
of Plant Pathology, North Carolina 5tate University and the United States Agency
for International Development. Raleigh, North Carolina USA.

Tileubayeva, Z.; Avdeenko, A.; Avdeenko, S.; Stroiteleva, N. and Kondrashev, S.
(2021). Plant-parasitic nematodes affecting vegetable crops in greenhouses. Saudi.
J. Biol. Sci.28:5428-5433.

Wrather, J.A.; Niblack T.L. and Milam M. R. (1992). Survey of plant-parasitic

nematodes in Missouri cotton fields. J. Nematol. 24: 779-782.

Egypt. J. Agronematol., Vol. 21, No.2 (2022)



Sahar et al. 121

Al gadlal)

G Jladi & i) Jeala g AgSl) jlad) g Laluaaal) Adddaial) 13 gilayil)
dnall pasdy)gean

**ww&m;wc*&ﬁw\dﬂ‘ c*huu‘-\zﬁ‘}nﬂ)&a
e =B — el )0 Gl S je — Gl Glal el G gay dgae— Ao silanill Gl ¥ G and
Gyl Al — Al By 30 ghel) A0S — Ll )

Glld 5 A gl a4y sean (300 Jlad — dilie LawV) dlailas (o Adlise a8l 50 £ juan (5 al

(e Alakiall 1y silapill a5 sl 5 Apanel) B 5 aa) il Al A YO YY/Y V) g YaX VY0¥ 0 ange NS

esdsaledy jdie £60 o sl Jaidl ally | il Jualaa 5 4680 jlail (e dualiadll 5 culal)

daalae e day )l 5 Glells O s 5 48 sall 5 uinll (a5 4eSUl) jlad) e g5 A )Y o3 Jadl

(e oebinl 3die @lia o gl el s akladall g gl a5 a5 o) padll Wsaldll Ay juadll
G35 12 gilan calas Cua lall e Aadaiall 1o gilagl)

te Akl 1o gilapl) @l a5 5l dsilly g, (5 AV GaliaWl &5 jlae dpoae AUS el ) 50al) o
QU Ayl dyanell TSI s i e ) il Cuaia g) o Al ) iad Jualaall G el
sl e Al 5 cuiall &5 (sl el e ) saad) dad a giland @y g 4 yipl ja YO o /48 5 Y e
Aoa YO AT e VT A Y s ia el el 13 gl dnaell ZHES s i il S Ly
1 silarill e 5 AN Guliad aa) 58 ) ALY 138 il e Gla )l s ¢ st 3l 5 48 sad) 5 uinll (8 Slla 5 4 5
b stall e 13 gl sal 5 Al ) il i) LS | Aaiiie dunae A K15 il e Ailasd)
YOu /a8 n YY ueYEueY o v o o gilanll Sl dpnnell A8ESY Chlas Ea Al jall cat padll Jualsa
S5 13 silagd Ol Al ) (e i 5, 5l e alaladall 5 A1 5) il 5 Adusall 5 6] juadd) Ul gualdll (345 5]
U (o p Aaiall Filial s e 3l g g Bl it €l 5 A ) chin3 Jomlacall | e Jasngs s sl
| Al Joalaall e 1 gilal) Gl uin (s 5 oSl Aliall G pLall aiiod dyan] ey

Egypt. J. Agronematol., Vol. 21, No.2 (2022)



