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survey for plant parasitic nematode (PPN) fauna in Sinai
A Peninsula, Egypt was carried out. A total of 607 soil and
root samples was collected, at growth seasons during the
period from 2016 to 2017 at both governorates; North Sinai (in which
few surveys were accomplished) and South Sinai for the first time. The
nematode survey was based on collecting soil and root samples around
the roots. In the two governorates, 13 genera in 9 families, belonging to
3 orders of phylum Nematoda were observed. These orders were
Dorylaimida, Triplonchida and Tylenchida. Three genera viz.,
Meloidogyne, Rotylenchulus and Tylenchorhynchus belonging to order
Tylenchida were found to represent the highest plentiful numbers
(18891, 3528 and 3316, respectively) in Sinai Peninsula. Meloidogyne
was the most abundant and dominant genus in all surveyed districts.
Nematodes in North Sinai were more diverse than South Sinai, since
they possessed 3 orders, 8 families and 13 genera (Belonolaimus,
Criconema, Criconemoides, Helicotylenchus, Hoplolaimus,
Meloidogyne, Pratylenchus, Rotylenchulus, Tetylenchus, Trichodorus,
Tylenchorhynchus, Tylenchus and Xiphinema) versus 2 orders, 5
families and 6 genera viz., Criconema, Meloidogyne, Pratylenchus,
Rotylenchulus, Trichodorus and Tylenchorhynchus in South Sinai.
Species diversity peaked in Rafah district, whereas in South Sinai, peak
was recorded in Ras-Suder district. Reviewing the previous
investigations carried out in Sinai for recording plant parasitic
nematode, it was found that the last 6 genera recovered from South
Sinai were the first records, based on the present survey is considered
the first nematological study carried out in this governorate. Also, this
study will pay the growers attention, to control infestation by PPN.
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Plant parasitic nematodes (PPN) are considered the main constrain for
many crops, especially vegetables. Losses due to PPN are estimated at USD
$130 billion without considering other losses indirectly by interactions with
other pathogens, also they are higher in developed countries compared to that
of developing ones (Shakeel et al., 2012 and Becker 2014). Out of all PPN,
root-knot nematodes (RKN), Meloidogyne have been reported as the most
highly distributed ones all over the world and found in all terrains of all
ecosystems, and in any soils have temperature more than 3°C. They are
considered the most economically important group of phytoparasitic
nematodes due to their severe damage occurred for plants, particularly to
vegetable crops and for their small-holder growers (Ibrahim et al., 2000;
Ibrahim et al., 2010; Anwar and Mckenry, 2012; Shakeel et al., 2012; Adamou
et al., 2013a and b; Korayem et al., 2014; Singh and Khanna, 2015; Kumar et
al., 2017; Tarig-Khan, 2017 and Vindhyarani, 2017).

Vegetable crops are widely cultivated in Egypt and are common,
which highly consumed by the peoples in all countries. Furthermore, small
holder farmers in Sinai Peninsula depend on these crops production for
consumption and improving their income.

Diversity of nematode fauna in agroecosystems and their
relationships to soil processes were studied by Yeates and Bongers (1999),
they used the soil nematode diversity as biomarkers for ecosystem. They
suggested that nematodes were potential bioindicators and they found that
changes in nematode diversity shown by values of the Shannon-Wiener index
(H") often reflect environmental differences. They concluded that
morphologically distinct groups or families may be useful within regions or
soil types but fail to provide a universal indicator. Previous investigations in
Egypt have shown the presence of about 54 genera and 160 species of PPN
associated with different plants (Oteifa et al., 1997; Ibrahim et al., 2000;
Ibrahim and El-Sharkawy, 2001 and Ibrahim et al., 2010). The association of
PPN with vegetables was confirmed in Northern Egypt by other authors
(Mokbel et al., 2006) as they found 9 genera of PPN in vegetable fields.

Although Sinai Peninsula has a strategic importance, there is little
information about distribution of PPN associated with vegetable crops in this
area, so the necessity of knowing phytonematodes diversity become urgent, in
particular after selecting it as a part of national project for cultivation 1.5
million feddans. Few investigations were carried out in Sinai (confined in
North Sinai only) as two surveys were accomplished by Ashoub (2010) and
Korayem et al. (2014). However, successful production of vegetables in Sinai
has been retarded by nematodes, particularly root-gall nematodes (RGN).
Information concerning the occurrence and distribution of plant- parasitic
nematodes in Egypt is important to assess their potential to cause economic
damage to plants.

The objectives of this study were; identifying plant parasitic
nematodes (PPN) associated with vegetable plants in Sinai Peninsula (Egypt),
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determination the frequencies of occurrence and population densities of
nematodes in relation to locality and host species, using the diversity indices
for measuring their distribution patterns in vegetable cultivation in Sinai.
Documentation the presence and abundance of dominant genus or genera was
illustrated in GPS- based map.

MATERIALS AND METHODS

1. Sampling

Nematological surveys were done in Sinai Peninsula, which including
two governorates viz., North and South Sinai, besides Sahl El-Teina region
(which irrigated from El-Salam canal) during 2016 to 2017. A total of 607 soil
and root samples of vegetable crops were collected from the rhizosphere
region at a depth of 15-30 cm. Samples were randomly collected for each crop
by making a zig-zag pattern across each field with soil auger at 20-cm
approximately depth. For plots up to 10 square meters in area, 2-3 sub-samples
(cores) were taken per composite sample, the soil was then bulked in plastic
bags, mixed carefully, and about 1000 g for each sample was placed in an ice
box during collection and was transported, then stored at 4°C until processed
in the lab. All samples were taken during the cropping growth season, March
to October.

2. Nematode Extraction and Identification

Each soil sample was thoroughly mixed by shaking the plastic bags,
then an aliqot of 250 cm® sub-sample was used for extraction PPN genera
using sieves (Sieve series of 100, 200 and 325 mesh-US Standard with
openings of 149, 74 and 45 pum, respectively) following Cobb sifting and
gravity method (Cobb, 1918). Light microscope was used for identification
and enumeration of nematodes. Identification of nematodes genera, which
fixed in 2% hot formaldehyde solution by binocular microscope, was based
on the morphological characters of adult and juvenile forms according to
different references (Goodey, 1963; Tarjan, 1973; Mai and Lyon, 1975;
Anderson and Mulvey 1979 and Mekete et al., 2012)

3. Nematode Estimation

Data registrations were based on two parameters viz. frequencies of
occurrence (FO) and population densities (PD) per 250 cm® soil. The FO% of
the PPN was determined from the relationship among the numbers of samples
(e) in which the genus was found divided by the total number of samples taken
(E) from that location or crop, multiplied by 100 to express as a percentage
[(FO = ¢/E ) X100] according to (Sawadogo et al., 2009). PD of nematode
species was calculated as the averages of the total number of nematodes
recorded for those samples in which a nematode species was found
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(summation of individuals of specific nematode genus in all samples/total
number of samples containing the same genus) as described by Norton (1978).

3. Diversity Indices

To evaluate the diversity, three biological indices were used (e.g.
Shannon-Wiener index, evenness index, and the Simpson dominance index).
Typically, Shannon’s (H') index is sensitive to rare taxa, however Simpson’s
A index weights common taxa (Boyle et al., 1990), the utilization of richness,
evenness and diversity indices cannot be separated. Evenness indices can be
considered as relative diversity indices or normalizations of diversity indices
(Peet, 1974 and Kvalseth, 1991). In addition, species richness (S) or species
abundance represents the simplest biodiversity index and it does not consider
any characteristic of taxon or their relative abundance.

Taxonomical diversity of phytoparasitic nematode communities was
estimated by: (a) the total number of nematode in each district (N); (b) the
species richness (S) represent the total number of taxa in a community; (c) the
Shannon-Wiener diversity index (H') according to Shannon and Wiener
(1949) using the formula: H'= - Z[(pi) x In (pi)], where pi is the proportion of
individuals (n/N) in each species, i that counted the local diversity [H' ranged
from 0 to In (S)], H max= the maximum of Shannon index (Maximum
diversity possible); (d) the Simpson index (Simpson, 1949) or dominance
index (D) and can actually refer to any one of 3 closely related indices. There
are two versions of the formula for calculating using formula, either of them
is acceptable;

D= X (Pi)* or £ (W/N)* and X n(n-1)/N(N-1), the last were used, the
value of D ranges between 0 and 1. With this index, 0 represents infinite
diversity and 1, no diversity, i.e. the bigger the value of D, the lower the
diversity. This is neither intuitive nor logical, so to overcome these problem,
two modifications in D can be used: first; (1-D) the value of this index also
ranges between 0 and 1, but now, the greater the value, the greater the sample
diversity, secede; (1/D) the higher the value of this index means that greater
diversity are found, also the maximum value is the number of taxa. and (e) the
evenness or equity index that are considered also as relative diversity indices
or normalizations of diversity indices that assess the uniformity of taxa
distribution within the community, value of E can be calculated according to
Pielou (1975) by this formula;

E=H'/Hmax = H'/InS, In(S) i.e. natural logarithm of total number of
taxa, species, found (E ranged between 0 and 1).

RESULTS
Survey results of phytoparasitic nematodes associated with different

vegetable crops in different districts of Sinai are shown in (Tables 1-4). Data
in table (1) reveal that 13 genera of stylet-bearing nematodes (Belonolaimus,
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Criconema, Criconemoides, Helicotylenchus, Hoplolaimus, Meloidogyne,
Pratylenchus, Rotylenchulus, Tetylenchus, Trichodorus, Tylenchorhynchus,
Tylenchus and Xiphinema) were isolated from 404 samples collected from
North Sinai governorate. Meloidogyne was more frequent in all districts than
other genera, followed by Tylenchorhynchus, which was found in five
districts. FO of Meloidogyne peaked in Rafah and El-Sheikh Zuweid (77.9
and 65.1%, respectively). The maximum PD of Meloidogyne was present in
El-Arish and El-Tina plain (3400 and 3050 individuals/250 c¢cm’® soil,
respectively).

The diversity of PPN was greater in Rafah district compared with
others. Belonolaimus and Xiphinema were confined to Rafah district only and
were not observed in any vegetable fields, and their frequencies were the
lowest compared to other PPN genera in Rafah district as also were found in
all district in North Sinai government, besides Criconema and Tylenchus
(0.25%). El- Hassana district was the lowest one in the nematode diversity,
since it had one Meloidogyne. Tetylenchus recovered once from Al Arish is
similar to Tylenchus from El-Tina plain. Collective data of North Sinai
revealed that Meloidogyne was the most abundant genus (44.8%) and also
possessed the maximum population density (1330), followed by
Rotylenchulus  (7%), Trichodorus (3.5%), Tylenchorhynchus (2.7%),
Helicotylenchus, Hoplolaimus and Pratylenchus (2.5%) and Criconemoides
(1.5%), whereas the minimum frequent genera were Belonolaimus,
Criconema, Tetylenchus, Tylenchus and Xiphinema (0.25%).

From South Sinai governorate, a total of 203 samples was collected
from vegetable crops, of which six PPN genera were found (Criconema,
Meloidogyne, Pratylenchus, Rotylenchulus, Trichodorus and
Tylenchorhynchus) as presented in table (2). Meloidogyne and Rotylenchulus
were found in all districts. The highest FO in all governorates was recorded
by Meloidogyne (34.5%), followed by Rotylenchulus (10.3%) and
Tylenchorhynchus (7.4%), whereas Criconema and Pratylenchus were the
least frequent genera (0.5%). Nuweiba and Ras Suder included more
nematode genera than other districts. Similar to North Sinai, the most
dominant genus was Meloidogyne; its highest FO of 72.0 and 47.0% were
recorded in Ras Suder and Abo Zenima, respectively. Whereas the lowest
frequency (16.2%) was observed in Saint Katherine. Meloidogyne was found
in greater population densities in El-Tour and Nuweiba (1848 and 1125
individuals, respectively). Rotylenchulus was recorded in maximum
frequency at El-Tour (33.3%), however density peaked in Saint Katherine
(700 individuals). Tylenchorhynchus was more frequent than the rest
recovered genera, since it was recorded in three districts.

Results listed in table (3) show that PPN community in North Sinai
varied according to the vegetable hosts. It was observed that favorable hosts
of Solanaceae plants were tomatoes and eggplants. It was noticed that tomato
plants harbored the maximum number of nematode genera (12) followed by
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eggplant (8), however pepper possessed the lowest number of genera (4). The
highest PO and FO of Meloidogyne were observed in eggplant rhizosphere
(2265 individuals/250 cm® soil and 55.6%, respectively), followed by tomato
(825 individuals and 37.3%), the pepper came in the last category (806
individuals and 34.3%). Within Cucurbitaceae plants; cucumber and
watermelon harbored the highest number of nematode genera (8), followed by
squash (6), whereas cantaloupe possessed the lowest number of genera (4).
Meloidogyne genus peaked in its frequency with watermelon, followed by
cucumber (61.9 and 57.1%, respectively), but the maximum density was
gained by cantaloupe (1333 individuals/250 cm® soil). It was noticed that
sedentary endo and semi endo-parasitic genera, Meloidogyne and
Rotylenchulus, respectively, were found in all vegetable hosts of both families
(Solanaceae and Cucurbitaceae).

Data presented in table (4) show that PPN fauna in South Sinai were
different from host plant to another. Tomatoes were bearing four PPN genera,
Meloidogyne was found at high frequency (37.3%) and density (1374
individuals), compared to other PPN genera. Cucumber harbored the
maximum density (1163 individuals) and frequency (44.4%) of Meloidogyne,
also cucumber bore the highest density of Tylenchorhynchus (6600
individuals). The last genus was recorded in all vegetable hosts, expect
cantaloupe, whereas Meloidogyne came secondly. Squash recorded the lowest
densities, especially for Meloidogyne and Rotylenchulus (200 individuals), but
the frequency was the highest with Meloidogyne (50%) and equal in
Rotylenchulus, Trichodorus and Tylenchorhynchus (25%). Watermelon
associated with only Tylenchorhynchus, achieving the maximum frequency
(50%).

Data in table (5) reveal that morphological and morphometric studies
of diagnostic characters confirmed the identification of 3 orders, 8 families
and 13 genera of PPN (Belonolaimus, Criconema, Criconemoides,
Helicotylenchus, Hoplolaimus, Meloidogyne, Pratylenchus, Rotylenchulus,
Tetylenchus, Trichodorus, Tylenchorhynchus, Tylenchus and Xiphinema)
associated with vegetable crop soils in Sinai Peninsula. Among them root-
knot, reniform and stunt nematodes were the most abundant.
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The diversity of PPN communities, measured by numbers of
nematode individuals for each species in different vegetable plantations, was
compared with indices of diversity based on number of H', D, beside E.H'
values varied between 0.37 in El-Hassana to 1.93 in Rafah, which was
considered the most diversed district in Sinai. The highest evenness value
(0.84) was also found in Rafah and equalled to zero (0.0) in El-Hassana.
Simpson index also peaked in Rafah in two forms (1-D) or (1/D), 0.878 and
8.15, respectively. In South Sinai, the maximum four diversity indices were
found in Newiba; 1.11, 0.707, 3.41 and 0.80 for H, D-1, D/1 and E,
respectively.

As Meloidogyne was the most abundant and dominant genus all over
the surveyed Sinai surveyed locations, the sample positions were determined
using GPS device as illustrated in table (6), GPS-based map was fitted to
determine the hot spots of this dangerous genus with own population densities

(Fig.1).

Table (6). Hot spots of root-knot nematode and their densities associated with

vegetables in Sinai determined by GPS.

No. N E PD Density Location
1 31°00°0.12""  32°3170.53” 600 Moderate El-Teina p
2 31°00°0.01""  32°3170.29"" 4300 High El-Teina p
3 30°5470.20"" 32°2370.64"" 4500 High El-Teina p
4 30°5570.63"" 32°26°0.45" 2800 High El-Teina p
5 31°00° 045" 32°3970.87"" 2333 High Rommana
6 31°00°0.09"" 32°4170.14" 600 Moderate Rommana
7 30°59°0.39"" 32°4370.71" 867 Moderate Rommana
8 31°00° 0.66""  32°3470.37" 200 Low Rommana
9 31°00°0.74""  32°3370.89” 200 Low Rommana
10 30°5970.48" 32°4370.83" 600 Moderate Rommana
11 30°5970.43"" 32°4370.68" 3800 High Rommana
12 30°59°043"" 32°4370.71” 200 Low Rommana
13 30°5970.44" 32°4370.71"" 4200 High Rommana
14 30°59°0.44"  32°4370.73" 600 Moderate Rommana
15  30°59°0.40°" 32°4370.70” 1000 High Rommana
16 30°5970.63"" 32°5570.51" 467 Moderate Rommana
17 31°0270.06"" 33°05°0.35” 200 Low Bir Al-Abed
18  31°0270.08"" 33°050.33” 200 Low Bir Al-Abed
19  31°0270.07"" 33°05°0.33” 1000 High Bir Al-Abed
20 31°0270.03"" 33°05°0.38" 2300 High Bir Al-Abed
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Table (6). Cont.

No. N E PD Density Location
21 31°0270.05" 33°04" 096" 700 Moderate Bir Al-Abed
22 31°0270.05" 33°04"0.94” 600 Moderate Bir Al-Abed
23 31°0070.47"  32°56°0.14" 3467 High Bir Al-Abed
24 31°0470.53""  33°3470.00” 733 Moderate Bir Al-Abed
25  31°02°0.517" 33°2270.74” 733 Moderate Bir Al-Abed
26 31°0270.527 33°2270.74” 733 Moderate Bir Al-Abed
27 31°0270.53"" 33°2270.71” 600 Moderate Bir Al-Abed
28 31°047030"" 33°30°0.61" 200 Low Bir Al-Abed
29  31°07°0.54" 33°4870.68” 533 Moderate Al- Arish
30 31°0670.64"" 33°4470.49" 3133 High Al- Arish
31 31°0670.67"" 33°4470.48"" 4967 High Al- Arish
32 31°1470.127  34°06° 096" 1175 High El-Sheikh Z
33 31°1370.29" 34°06°0.89"" 1080 High El-Sheikh Z
34 31°1370.56"" 34°06°0.46" 600 Moderate El-Sheikh Z
35 31°1370.98" 34°06°0.24"" 1300 High El-Sheikh Z
36 31°1370.99" 34°06°0.23"" 1340 High El-Sheikh Z
37 29°5970.66"" 33°48°0.80"" 1167 High Nekhel
38 29°5970.637" 33°48°0.79” 800 Moderate Nekhel
39 30°4370.06"" 33°1970.63"" 1422 High El-Hassana
40 29°36°22.60" 32°43721.30"" 350 Low Ras Suder
41 29°37728.40" 32°4274490" 600 Moderate Ras Suder
42 29°37736.50"" 32°42746.60"" 850 Moderate Ras Suder
43 30°49700.00"" 32°23700.00" 400 Low Ras Suder
44 31°18707.00"" 34°11°59.00"" 987 Moderate Rafah

45 31°17749.00” 34°12706.00"" 713 Moderate Rafah

46 31°18708.00"" 34°12728.00"" 408 Moderate Rafah

47 31°17°34.00" 34°12734.00"" 525 Moderate Rafah

48 31°17735.00" 34°11746.00" 756 Moderate Rafah

49 31°19718.82"" 34°13703.29" 1267 High Rafah
50 31°18749.85"" 34°12725.06" 960 Moderate Rafah

51 29°09°0.88""  33°04"0.05” 400 Moderate Abo-Zenima
52 30°0370.51"  32°37°0.62" 950 Moderate Ras Suder
53 28°4170.89""  33°40°0.72" 500 Moderate El-Tor
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No N E PD Density Location
54  28°4170.89""  33°40°0.73” 550 Moderate El-Tor
55 28°1670.86"" 33°377031"7 2900 High El-Tor
56  28°16°0.84""  33°3770.32" 900 Moderate El-Tor
57 28°17°0.33" 33°37°041" 650 Moderate El-Tor
58 28°17°0.33" 33°37°041" 200 Low El-Tor
59  28°2070.85" 33°3870.48" 4900 High El-Tor
60 28°1770.99"  33°3570.76"" 1700 High El-Tor
61  28°1970.85" 33°3870.77" 1533 High El-Tor
62  28°4370.00"  34°06°0.53"" 1533 High Siant Kath.
63  28°40°0.66""  33°5870.86"" 2200 High Siant Kath.
64 28°4170.70""  33°56"0.85" 200 Low Siant Kath.
65 28°5570.66""  34°35°0.76" 350 Low Newiba
66  28°3170.60""  34°2870.17" 800 Moderate Newiba
67 28°1570.24" 33°36"0.79” 800 Moderate El-Tor
68  28°4270.51"" 33°46°0.16” 200 Low WadiFiran
69 28°4170.92""  33°3970.25" 200 Low WadiFiran
70 30°40°44.07"" 33°30°35.88"" 200 Low El-Maghara
71 30°35726.71"" 33°22°17.70"" 400 Moderate El-Maghara
72 30°27°59.78 33°4773.25" 200 Low El-Maghara
73 30°28 12707 33°4770.94" 600 Moderate El-Maghara
74 29°547 1254 33°44° 3.64" 300 Low Nekhel
75 29°53723.517 33°427 147757 200 Low Nekhel

PD= Population density, N=latitude, E=longitude
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Fig. (1). GPS based map showed distribution of root-knot nematodes
associated with vegetables growing in Sinai Peninsula.

DISCUSSION

Phytoparasitic nematodes infect almost all-important agronomical
crops, also they constitute a major challenge to the production of many crops,
especially in light or sandy soil and newly reclaimed desert lands (Ibrahim et
al., 2010). Current survey revealed that thirteen stylet bearing nematode
genera were encountered in soil samples collected from different vegetable
cultivations in Sinai Peninsula, including ectoparasites (Belonolaimus,
Criconema, Criconemoides, Helicotylenchus, Hoploliamus, Tetylenchus,
Trichodorus, Tylenchorhynchus, Tylenchus and Xiphinema), endoparasites
(Meloidogyne and Pratylenchus) and semi-endoparasites (Rotylenchulus).
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Presence of these serious phytoparastic nematodes on vegetables
cultivations must be taken seriously by growers, especially they live in
warmed areas. The association of these nematodes with vegetable crops has
been reported to diminish yields (Anwar and McKenry, 2012). Many
investigations were carried out to analyze the parasitic nematode community
in several vegetable fields. Another investigator found that seven PPN genera
associated with vegetable crops viz. Helicotylenchus, Meloidogyne,
Pratylenchus, Rotylenchus, Scutellonema, Quinisulcius, and Tylenchus in
Uganda (Bafokuzara, 1996).

Meloidogyne is by far the most dominant PPN both in North and
South Sinai governorates. This widespread distribution of Meloidogyne in all
agricultural regions is consistent with results from earlier surveys (Ibrahim,
1994; Ibrahim et al., 2000; Korayem and Mohamed, 2010; Korayem et al.,
2014). The global distribution of Meloidogyne compared with the rest
nematode genera, especially in tropical, subtropical and Mediterranean
climates, are due to wide and various host ranges that lacking specificity in
parasitism (Sasser, 1979 and Anwar et al., 2006). The status of vegetable crops
as a good host for Meloidogyne has been previously reported (Siddiqi, 2000;
Sikora and Fernandez, 2005; Kaskavalci, 2007; Baimey et al., 2009;
Chaudhary et al., 2011; Anwar et al., 2013 and Rani, 2017) and this was also
supported by the present survey.

All nematode genera found in South Sinai (Criconema, Meloidogyne,
Pratylenchus, Rotylenchulus, Trichodorus and Tylenchorhynchus) were
firstly recorded in this governorate, as this is the first nematological survey
carried out in South Sinai. Seven genera viz., Belonolaimus, Criconema,
Criconemoides, Helicotylenchus, Pratylenchus, Rotylenchulus, and
Tetylenchus also were not reported before the present survey in North Sinai
associating with vegetables, whereas Ashoub (2010) reported that only
Meloidogyne genus associated with vegetable plants., and in the previous
survey conducted by Korayem et al. (2014), they found 6 genera
(Hoplolaimus, Meloidogyne, Trichodorus, Tylenchorhynchus, Tylenchus and
Xiphinema) in some North Sinai locations.

In general, the total number of PPN in each district ranged from 1408
(Nekhel) to 3250 (El-Tina Plain) individuals/250-cm? soil and in South Sinai
from 1075 (Abo-Zenima) to 2796 (Nuweiba). It was found that the highest
occurrence was possessed by Meloidogyne (44.8%) and the lowest was
achieved by Belonolaimus, Criconema and Xiphinema (0.25%) in North Sinai.
Meloidogyne also was occupying the top position in South Sinai as its
repetition was 34.5%, while the least frequency (0.5%) was recorded by
Criconema and Pratylenchus. Interestingly, Meloidogyne, which considered
the most damaging genus was detected in all surveyed districts in all Sinai
Peninsula governorates. The second repetition rate (7%) in North Sinai was
owned by Rotylenchulus as it was recovered from four districts only, but it
found in all districts of South Sinai with frequency of 10.3%.
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The diversity indices, Shannon-Wiener's H', 1-D& 1/D (inverse of
Simpson's index) were calculated based on the abundance and frequency of
each nematode genus. The 1/D was used to yield larger values for more
diverse communities, as well as H' beside E (Evenness). The diversity and
spatial patterns of PPN vary according to many factors like; environmental
and behavioral factors, plant species, cultivation intensity, monoculture of
local varieties, irrigation system and soil type as previously mentioned
(Baimey et al., 2009). Also, the probability of species detection is influenced
by population density and spatial dispersion properties (Prot and Ferris, 1992).
The present results indicated that PPN populations and diversity may increase
with higher rainfall and continuous cultivation more than effect of water
content and temperature on PPN increases (Govaerts et al., 2007). Earlier
findings stated that abundance and population of some nematode species were
associated with particular specific soil textures (Jones et al., 1969 and
Bongers, 1988). It is also known that populations of some of the nematodes
were markedly reduced by soil cultivation and cropping systems
(Oostenbrink, 1964 and Jones et al., 1969). It was previously mentioned that
soil physico-chemical properties, climate and agricultural practices have a
great impact on the diversity of PPN communities. The interaction between
phytoparasitic nematode communities and edaphic factors are poorly
understood in most agrosystems (Ortiz et al., 2010; Duyck et al., 2012;
Godefroid et al., 2013; Kavitha and Vanita Das, 2015 and Godefroid et al.,
2017). Organic matter and previous crops can favor the reproduction of certain
nematode species. Godefroid et al. (2017) recorded that Pratylenchus coffeae
was more abundant in regions have a high exchangeable cation content and
low organic matter content. Nematode abundances were apparently affected
by the previous crops e.g., Radopholus similis was particularly abundant in
fields where banana or plantain were the previous crops; and Meloidogyne
were abundant in fields where a market garden was the previous crop. Kumar
et al. (2017) observed that sandy loam type favor reproduction of RKN. In
contrary, Baimey et al. (2009) found a weak relationship between soil
physico-chemical properties and nematode population density.

However, cultivation on Sinai Peninsula, especially in the South Sinai
depends on water free of nematodes (rain and wells), vice versa; in El-Salam
canal, in the north, which feeds El-Tiena plain by irrigated water, helps to
distribute nematodes from a place to another and encourage the farmers to
cultivate the soil many times yearly. Recent investigations found significant
possibilities for increased nematode diversity and greater prevalence of both
Meloidogyne and Pratylenchus with increasing rainfall. Also, climate change,
especially temperature. These findings suggest that significant changes in
nematode populations were linked to changing climate, cropping systems and
agriculture practices (Fleming et al., 2016 and Hamza et al., 2018).

So, these results are beneficial for future planning for managing PPN
in Sinai and protect new targeted plantations from plant parasitic nematodes,
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in particular root knot nematode (RKN) Meloidogyne as its hot spots were
determined in vegetable cultivation in Sinai Peninsula (Fig. 1). These finding
are in harmony with previous finding (Gautam et al., 2014; Korayem et al.,
2014; Singh and Khanna, 2015; Myint et al., 2017 and Rani, 2017). In these
areas showing severe infestation, especially for the most dangerous nematode
(Meloidogyne), root-lesion nematode (Pratylenchus) and for ectoparasitic
genera, which considered a viral vectors (7richodorus and Xiphinema), it is
advisable to adapt strict integrated disease management strategies for
controlling these nematodes. In view of damage potential of these hidden
enemies of plants, an urgent need is felt for commencing coordinated efforts
at national and regional level pertaining to distribution and dissemination of
plant parasitic nematodes, estimating of crop losses and for developing
nematode management strategies. Observations and results obtained from this
survey clarify that host plants vary in their susceptibility to PPN infection, so
cropping sequence may play an important role in phytonematodes
management and reducing nematicides use.

CONCLUSION

The present study represents the first survey in South Sinai and one
of the few surveys carried out in North Sinai. It was found that 13 plant
parasitic nematode (PPN) genera variably distributed in different surveyed
localities of vegetable cultivations in Sinai Peninsula. The most predominant
genus was the Meloidogyne, which was found in all locations under this
extensive survey, the frequency of this nematode was varied from district to
other. The diversity of nematode fauna was found to be affected by many
factors including; plant host, cultivation intensity, soil type, irrigation system
and. Current and future studies should put the objective of mapping out of
plant parasitic nematodes incidence and impact of cropping sequence in
survival, diversity and dynamics of PPN. Finally, any development program
on susceptible vegetable plants in these infested areas should include control
measures against these nematodes, so this study can be useful for the design
of phytoparasitic control programs in vegetable fields.
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