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Root-knot nematodes ‘Meloidogyne spp’ are the most
destructive group of plant parasitic nematodes cause-
ing serious losses in vegetables crops and this damages
worsened when crops grown under greenhouses con-
ditions. In this sutdy, the distribution and character-
ization of root-knot nematode species collected from
the Souss region of Morocco where vegetables crops
intensively cultivated were determined by using both
morphological and molecular tools. Out of the 110
samples collected from different greenhouses 91 (81.7%)
were found to be infested with root-knot nematodes.
Thirty-seven populations of root-knot nematodes were
morphologically identified based on perineal patterns
as well as molecularlly using species-specific primers.
The obtained results indicated that Meloidogyne ja-
vanica and M. incognita were identified in 86.4% and
13.5% of the total populations, respectively. The lowest
incidence of root-knot nematodes (64%) was found in
Toussous, whereas the highest frequencies of 100% and
90% were detected in Taddart and Biogra, respective-
ly. As the majority of the samples have been infested
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with Meloidogyne species; this indicates that there is an
urgent need to provide farmers with a proper control
strategy.
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Root-knot nematodes (Meloidogyne spp.; RKN) are the
most frequently observed and damaging plant-parasitic
nematodes in vegetable production (Jones et al., 2013).
Symptoms associated with RKN can be easily diagnosed
by farmers due to the presence of distinctive galls on the
root systems. RKN infected plants show yellow leaves,
stunting growth, nutrient deficiencies symptoms and sec-
ondary infections by other pathogens (Hunt and Handoo,
2009). Yield losses depend on the nematode species exists,
nematodes initial population, and cultivated crop species
(Ornat and Sorribas, 2008). Sasser and Carter (1985) re-
ported yield losses of 22-30% on tomato due to M. incogni-
ta infection. In Western Anatolia of Turkey, Meloidogyne
spp. caused yield losses of up to 80% in processing tomato-
growing areas (Kaskavalci, 2007). Similarly, Sikora and
Fernandez (2005) reported yield losses of over 30% in
three highly susceptible vegetable crops (egg-plant, tomato,
and melon). In North-Eastern Spain, the initial nematodes
populatign density of 4750 juveniles of M. javanica per
250 cm  of soil caused up to 61% yield reduction in to-
mato (Verdejo-Lucas et al., 1994).
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Thirteen new species of Meloidogyne have been de-
scribed in the last decade; making more than 100 recog-
nized species in this genus (Elling, 2013; Hunt and Han-
doo, 2009). Out of the 100 identified Meloidogyne species,
22 occur in Africa, posing a significant threat to crop pro-
duction by small-holder farmers (Karuri et al., 2017).

In Morocco, the RKNs are among the most relevant
group of plant parasitic nematodes and are widely distrib-
uted throughout the country. Four species namely; M. ja-
vanica, M. incognita, M. arenaria, and M. hapla have been
reported in different agricultural areas of Morocco (Janati
et al., 1982) with M. incognita and M. javanica reported
as the most common existed species (Janati et al., 1982;
Merimi, 1987; Mokrini, 2008; Mokrini, 2016). The Atlan-
tic littoral is the most infested area as vegetable crops are
extensively grown in this region and its sandy soil struc-
tures makes it preferable for nematode development and
reproduction (Janati et al., 1982).

Accurate diagnosis of the RKN to species level is essen-
tial for the determination of the most appropriate control
strategies to be employed (Coyne et al., 2009). This is
especially important when identifying potential sources of
host-plant resistance against Meloidogyne species. Diag-
nosis of species and races of Meloidogyne has always been
challenging due to the high similarities in their morphol-
ogy across species, life stages in different habitats, variable
host ranges and intraspecific variability (Blok and Pow-
ers, 2009). Species of RKN have been identified based on
morphological characters (Eisenback and Triantaphyllou,
1991), host-plant response (Hartman and Sasser, 1985),
isozyme analyses (Esbenshade and Triantaphyllou, 1990)
and molecular techniques (Adam et al., 2007; Powers and
Harris, 1993; Powers et al., 1997; Zijlstra et al., 2000).
However, identification by morphological characters is
time consuming and require skillful researchers to differen-
tiate among the 100 described species (Hunt and Handoo,
2009), makes the value of many of these characters be-
comes very questionable, often showing large intraspecific
variation and often inconclusive for distinguishing closely
related Meloidogyne species, because individuals within a
population often vary considerably (Zijlastra et al., 2000).
Isozymes analysis is an effective method, which can be
carried out on females of Meloidogyne spp. (Esbenshade
and Triantaphyllou, 1990). However, application of this
method only on female individuals is a limited factor, and
can be affected by environmental factors. Recently, molec-
ular tools have been progressively developed for the identi-
fication of RKN species (Blok and Powers, 2009). Among
these, species-specific DNA protocols have provided fast,
accurate and sensitive tools for RKN identification (Adam

et al., 2007; Blok and Powers, 2009; Powers and Harris,
1993; Powers, 2004; Tigano et al., 2010; Zijlstra et al.,
2000).

To our knowledge, RKN in Morocco have only been
identified based on morphological basis and there is no
information available in literature about the identification
of these RKN populations based on molecular tools. For
this reason, we conducted a survey of the major vegetable
growing areas in the South region of Morocco, with the
following main objectives: (a) to study the distribution of
RKN in the South region of Morocco, and (b) to identify
RKN populations collected from different localities in the
South region of Morocco using both traditional morpho-
logical features and molecular techniques.

Materials and Methods

Sampling and root-knot nematode cultures. A root-
knot nematode survey was conducted in 2016 in differ-
ent vegetable growing areas of Souss region (South of
Morocco). Samples were taken from greenhouses located
in Biogra, Khmis Ait Amira, Belfaa, Sidi Bibi, Taddart,
Toussous (Fig. 1). For each location, 15-20 greenhouses
were sampled. A total of 110 soil and root samples were
collected. From each greenhouse, 1-2 plants of 3-6 months
old and showing RKN infestation symptoms were selected
and uprooted to check galls. Infested roots showing galls
symptoms were cut with a knife and packed in polyethyl-
ene bags along with some soil, labeled and brought to the
Nematology Laboratory at the National Institute of Agro-
nomic Research (INRA-Agadir) for species identification.
Each sample was labeled with additional information such
as; the current cropping system and information about the
previous cropping history obtained from the local farm-
ers or the agricultural officer in charge in the correspond-
ing area. Egg masses were picked up individually from
infested roots in each greenhouse using a small needle.
These egg masses were surface-sterilized in 0.5% NaOCl
as described by Hussey and Barker (1973) then rinsed in
tap water 3 times and prepared for inoculation. Each popu-
lation was established from a single egg mass and reared
on susceptible tomato plant (Solanum lycopersicum, cv.
Prystila F1). Tomato seedlings at the fourth true leaf stage
were transplanted singly into 500 mL plastic pots contain-
ing sterilized sandy loam soil and sand (2 : 1, v/v) and were
allowed to grow for 5-7 days before being inoculated with
single egg masses. Plants were maintained in a glasshouse
at temperature rate of 25 + 5°C, artificial light of 16 h per
day, and 60 to 90% of relative humidity. Sixty days after
inoculation, plants were removed from pots, root systems



310

Sidi Bibi

Ait Milk

ACADIR L
1DA OUTANAKE +
o

INZECANE
AT MELLOUL g

250 km

C——r—r—Tr—

:;: a 1 Du
150 mi Taddart

.., ElBouchouari

Janati et al.

Hilala

'""'-.1"'-Tizinhknu:ht‘:_"j:"‘

. sidi Abdellah -,
Targan'Touchka

Fig. 1. Map of Souss region of Morocco showing the locations surveyed for RKNss.

were gently washed to free of adhering soil particles, and
adult females were extracted from the roots. All popula-
tions obtained from single egg masses were renewed by
transferring 10 egg masses from each plant into new pots
planted with tomato seedlings.

Morphological identification. Morphological identifica-
tion of the nematode population to species level was per-
formed by using the female perineal pattern method. The
females used in the perineal pattern analysis were obtained
from those produced from the single egg mass culture aim-
ing to minimize genetic variation. The root tissues were
teased apart with forceps and half spear to remove adult
females. The head and neck regions of the nematode were
excised and the posterior part placed in a solution of 45%
lactic to remove the rest body tissues. From each popula-
tion, 10 mature females were randomly selected and peri-
neal patterns were prepared and examined under a light
microscope according to Eisenback et al (1981).

Molecular Identification

DNA extraction. To perform the molecular identification,
DNA of each nematode population was extracted from 1 to
5 freshly hatched second stage juveniles (J2s). Nematodes

were transferred to an Eppendorf tube containing 25 pl
double distilled water and 25 pl nematode lysis buffer (final
concentration: 200 mM NaCl, 200 mM Tris-HCI (pH 8),
1% mercaptoethanol and 800 pg Proteinase K). The tubes
were incubated at 65°C for 1.5 h and then at 99°C for 5
min, consecutively (Holterman et al., 2006). A total of 37
DNA extracts were obtained from the 37 nematode popula-
tions (Table 1) and were stored at —20°C until used.

PCR with species-specific primers. Table 2 shows the
primers used for DNA analysis of the root-knot nematode
species. The quality of the extracted DNA was checked
using universal primers developed by Ferris et al. (1993),
i.e. forward primer 5’-CGT AAC AAG GTA GCT GTA
G-3’ and the reverse primer 5’-TCC TCC GCT AAA TGA
TAT G-3°. Amplification of the rDNA-ITS region was
successful for all populations, and yielded a single band
with an expected fragment size of 600 bp. All amplification
reactions were performed in a final volume of 50 pl con-
taining 23 pl ddH,0, 25 pl Dream Taq PCR Master Mix
(2x) (Fermentas Life Sciences, Germany), and 1 pM of
each primer. The program of the thermal cycler consisted
of an initial denaturation step at 95°C for 5 min, followed
by 35 cycles of 30 s at 95°C, 49°C for 45 s and 72°C for 60
s with a final extension step for 8 min at 72°C. Annealing
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Table 1. Occurrence, distribution and control of RKN in vegetable greenhouses in Souss region of Morocco
. Species identification
Population Location Host plant  Crop rotation Control system Species-
code Perineal patterns L
specific PCR
Bil Biogra Tomato Tomato-tomato Fumigant nematicide + Abamectin M. javanica (MJ) MJ
Bi2 Biogra Tomato Tomato-tomato Fumigant nematicide + Abamectin M. javanica (MJ) MJ
Bi3 Biogra Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
Bi4 Biogra Tomato Tomato-tomato Fumigant nematicide M. javanica (MJ) MJ
BiS Biogra Tomato Tomato-tomato  Fumigant nematicide + Fluopyram M. javanica (MJ) MJ
K1 Khmis Ait Amira Tomato Tomato-tomato  Fumigant nematicide M. incognita (MI) MI
K2 Khmis Ait Amira Tomato Tomato-tomato Fumigant nematicide + Fluopyram M. incognita (MI) MI
K3 Khmis Ait Amira Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
K4 Khmis Ait Amira Tomato Tomato-tomato  Fumigant nematicide + Fluopyram M. javanica (MJ) MJ
K5 Khmis Ait Amira Tomato Tomato-tomato Fumigant nematicide + Fluopyram M. incognita (MI) MI
K6 Khmis Ait Amira Tomato Tomato-tomato Fumigant nematicide + Abamectin M. javanica (MJ) MJ
K7 Khmis Ait Amira Bean Tomato-bean Fumigant nematicide M. incognita (MI) MI
K8 Khmis Ait Amira Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
K9 Khmis Ait Amira Tomato Tomato-tomato Fumigant nematicide + Fluopyram M. javanica (MJ) MJ
K10 Khmis Ait Amira Bean Tomato-tomato ~Fumigant nematicide + Cadusafos M. javanica (MJ) MJ
K11 Khmis Ait Amira Bean Bean-bean - M. javanica (MJ) MJ
K12 Khmis Ait Amira Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
K13 Khmis Ait Amira Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
K14 Khmis Ait Amira zucchini ~ Tomato-tomato Fumigant nematicide M. javanica (MJ) MJ
K15 Khmis Ait Amira Tomato Tomato-tomato Fumigant nematicide M. javanica (MJ) MJ
Bel Belfaa (INRA) Tomato Tomato-tomato ~ Abamectin M. incognita (MI) MI
Be2 Belfaa (INRA) Tomato Tomato-tomato ~ Abamectin M. javanica (MJ) MJ
Be3 Belfaa (INRA) Bean Bean-bean - M. javanica (MJ) MJ
Be4 Belfaa (INRA) Eggplant  Bean- eggplant - M. javanica (MJ) MJ
BeS Belfaa (INRA) Tomato Tomato-tomato - M. javanica (MJ) MJ
Beb6 Belfaa Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
S1 Sidi Bibi Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
S2 Sidi Bibi Tomato Tomato-tomato Fumigant nematicide M. javanica (MJ) MJ
S3 Sidi Bibi Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
S4 Sidi Bibi Tomato Tomato-tomato  Fumigant nematicide + Fluopyram M. javanica (MJ) MJ
S5 Sidi Bibi Bean Tomato-tomato  Fumigant nematicide + Fluopyram M. javanica (MJ) MJ
Tal Taddart Tomato Tomato-tomato ~ Fumigant nematicide + Abamectin M. javanica (MJ) MJ
Ta2 Taddart Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
Ta3 Taddart Tomato Tomato-tomato  Fumigant nematicide M. javanica (MJ) MJ
Ta4 Taddart Tomato Melon-tomato  Fumigant nematicide M. javanica (MJ) MJ
Tol Toussous Tomato Tomato-tomato  Fumigant nematicide + Fluopyram M. javanica (MJ) MJ
To2 Toussous Tomato Tomato-tomato  Fumigant nematicide + Fluopyram M. javanica (MJ) MJ

temperatures were set up at 56°C for primers Finc/Rinc,
61°C for primers Far/Rar, and 64°C for primers Fjav/Rjav.
Five microliters of each PCR product was mixed with 1 pl
of 6 x loading buffer (Fermentas Life Sciences) and loaded
on a 1.5% standard TAE (Tris-Acetate EDTA) buffered

sualised and photographed under UV-light. Negative con-
trols did not contain DNA template; positive controls were
run with DNA of the target species

Results

agarose gel. After electrophoresis (100 V, 40 min) the gel

was stained with ethidium bromide (1 mg/l) for 20 min, vi-

Distribution of Root-knot Nematodes Species. The re-
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Table 2. Primers used for molecular identification of root-knot nematode (Zijlstra et al., 2000)

Name of primer Species Fragment (bp) Primer sequences (5-3)
Fjav/Rjav M. javanica 670 5’-GGTGCGCGATTGAACCTATAC-3
5’-CAGGCCCTTCAGTGGAACTATAC-3’
Finc/Rinc M. incognita 1200 5’-CTCTGCCCAATGAGCTGTCC-3

5’-CTCTGCCCTCACATTACG-3

Table 3. Incidence of root knot nematodes in different provinces
in Souss region of Morocco

Nematode infected

Provinces Samples analysed %)

Biogra 20 18 (90)

Khmis Ait Amira 20 16 (80)

Belfaa 20 17 (85)

Sidi Bibi 18 13 (72)
Taddart 15 15 (100)
Toussous 17 11 (64.7)
Total 110 91 (82.7)

sults of the survey indicated that root-knot nematodes were
present in all surveyed provinces of Souss region (South of
Morocco). Out of the 110 studied samples, 91 were found
infested with root-knot nematodes.

Distribution of RKN in vegetable greenhouses in the
South region of Morocco has been listed in Table 3. The
population density of second stage juveniles (J2s) ranged
from 59 to 121 per 100 cc soil. The highest levels of infes-
tation were found in Biogra (121 J2 per 100 cc soil). Two
species of root-knot nematodes namely M. javanica and
M. incognita were identified on the basis of their perineal
pattern and using species-specific primers (Table 1). Out
of the 91 samples, M. javanica and M. incognita occured
in 95 and 15 samples representing 86.4% and 13.5% of the
total populations, respectively. M. javanica was determined

>
670 bp

500 bp

as the most common and most widespread nematode spe-
cies in the South region of Morocco and detected in 32
populations from 6 provinces in which tomato, bean, egg-
plant and zucchini cultivars were cultivated. In Biogra, Sidi
Bibi, Taddart, Toussous provinces, M. javanica was the
dominant species (100%). M. incognita was detected only
in two provinces (Khmis Ait Amira and Belfaa) within
samples collected from tomato and bean fields only.

Perineal pattern identification. Microscopic examination
of the perineal pattern morphology of adult females from
the different populations revealed the presence of two dif-
ferent species, M. javanica and M. incognita. Based on the
perineal pattern morphology of the of 32 populations they
were classified as M. javanica. This made them easy to be
separated from those of other populations with the presence
of distinct lateral lines. The overall shape of these patterns
was rounded and the dorsal arch was generally low. On
the other hand, only 5 populations showed the typical M.
incognita perineal pattern morphology, which is character-
ized by the presence of a high dorsal arch and wavy striae
which bend towards the lateral lines and the absence of
distincts lateral line incisures typical of this species.

Molecular characterization. Species-specific primers
SCAR were used for molecular characterization of the
different RKN populations (Table 2). Amplification of
the rtDNA- ITS region was successfully performed for all

Fig. 2. Amplification product (670 bp)
with Fjav/Rjav primers on Meloidogyne
population from the Souss region of Mo-
rocco. X = 1 kp DNA ladder; T—: nega-
tive control; T+: positive control.
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Fig. 3. Amplification product (670 bp) with Fjav/Rjav primers on
Meloidogyne population from the Souss region of Morocco. X =
100 bp DNA ladder; T—: negative control; T+: positive control

populations and yielded a single band with an expected
fragment size of 600 pb (Ferris et al., 1993). No PCR prod-
ucts were obtained from the negative control lacking nema-
tode DNA template. Using the species-specific primers,
two RKNs (M. javanica and M. incognita) were identified
from the 37 Meloidogyne populations (Table 1). PCR with
species-specifc primers for M. javanica amplified a band
of 670 bp for 32 populations (Figs. 2, 3 and 4). This means
that out of 37 samples, 32 samples were molecularly iden-
tified as M. javanica. For the samples (5 populations) not
identified as M. javanica, the species-specific primers for M.
incognita amplified a specific band of 1200 bp (Fig. 4).

Discussion

The results of the survey demonstrated that RKNs occur in
the main vegetables growing areas of Souss region in Mo-
rocco. This is similar to that fundings reported by (Bouri-

TR =& ow
@M M M X

=—>1000 bp

—> 500 bp

Fig. 4. Results of specific PCR for M. incognita (Bel, K7, K1,
K2, K5) and M. javanica (Be4, Be5, Be6, Tal, Ta2, Ta3, Ta4,
Tol, To2). X = 100 bp DNA ladder (Promega Benelux). T—:
negative control; T+: positive control.

jate, 1998; Janati et al., 1982; Mokrini, 2008) indicating
the presence of the RKN on vegerables in most prospected
areas of Souss region of Morocco. The results from this
study showed that the RKNs are widely distributed in the
6 studied provinces with significant variations in incidence
among the different provinces. The lowest incidence (64%)
was obtained from Toussous (Table 3), whereas the highest
incidences (100% and 90%) were detected in the provinces
of Taddart and Biogra, respectively. These proportions
of infestation are greater than those observed in earlier
surveys from Gharb region (Mokrini, 2008) which can be
attributed to environmental factors and agricultural prac-
tices. Numbers of Meloidogyne J2 detected in all surveyed
locations were below the damage threshold level for RKN.
In this study, the RKN are represented by two species,
viz. M. javanica and M. incognita. The presence of those
Meloidogyne spp. indicates that there is potential damage
to vegetables crops and an appropriate management strate-
gies should be seeked and implemented. M. javanica and
M. incognita are considered very important because they
cause severe damage and their wide distribution in the
tropical regions (Sikora and Fernandez, 2005). M. javanica
is the most prevalent species in the vegetable growing areas
of Souss region. It was detected in all provinces in which
tomato, bean, eggplant and zucchini are grown. This spe-
cies was found in 86.4% of the total populations and was in
agreement with that reported from the regions by Oualidia
and Souss-Massa. Similarly, Janati et al. (1982) reported
that M. javanica was the most common species in Morocco
followed by M. incognita, M. arenaria and M. hapla, re-
spectively. The relative importance of M. javanica in South
of Morocco (Souss region) could be attributed to climate
conditions. It has been shown that M. javanica is the pre-
dominant species in regions with a distinct dry season and
if monthly precipitation of less than 5 mm in three of more
successive months (Eisenback et al., 1981). In our study,
M. incognita was detected only in 13% (5 populations)
collected from tomato fields (4 populations) and bean crop
(1 population) in Khmis Ait Amira and Belfaa provinces.
However, M. arenaria and M. hapla were not detected in
this study.

Molecular methods provide useful information for spe-
cies separation and are essential in order to differentiate dif-
ferent species of Meloidogyne (Adam et al., 2007; Zijlstra
et al., 2004). In addition to the morphology, species specific
primers for PCR have been developed to complement the
traditional identification of M. javanica (Power and Harris,
1993; Zijlstra et al., 2000; Dong et al., 2001), M. incognita
(Dong et al., 2001; Meng et al., 2004; Randig et al., 2002;
Tesarova et al., 2003; Zijlstra et al., 2000) and M. arenaria
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(Dong et al., 2001; Zijlstra et al., 2000). When using the
species-specific primer developed for both M. javanica and
M. incognita (Zijlstra et al., 2000) we obtained the char-
acteristic bands of 640 and 1200 bp respectively, confirm-
ing their morphological identification. This confirms the
specificity of the primer sets. The same primer set was suc-
cessfully used in other researh (Garcia and Sanchez-Puerta,
2012; Mennan et al., 2011; Toumi et al., 2014; Zijlstra et
al., 2000). However, Devran and S6giit (2009) reported
that the primer set (Finc/Rinc) for M. incognita developed
by Zijlstra et al. (2000) did not give reproductible amplifi-
cations for the populations.

Correct identification of RKN species will lead to pro-
vide effective management strategies. As it is difficult to
distinguish among all Meloidogyne species by perineal pat-
terns alone due to the considerable variation between and
within populations; for the first time we performed both
morphological and molecular characterization of RKN spe-
cies from Souss region of Morocco to 37 populations. This
finding is a valuable ressource for future research and for
developing effective control and management strategies in
the region.
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