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Abstract- In a survey 93 samples were collected from banana plantation in different regions on the coastal area of Lebanon. Almost all the
collected soil samples (96.7%) and 88.2% of the collected root samples were infected with nematodes. The soil infestation ranged between
0 to 39 nematodes /g soil, while the number of nematodes in root samples ranged between 0 to 72.5 nematodes /g roots. Radopholus si-
milis were identified in both, soil and root, samples as well as Rotylenchulus sp., Xiphinema sp., Longidorus sp., Meloidogyne spp., Helicot-
ylenchus sp., and Pratylenchus spp. Crude oil and eight pure components of Origanum were tested against Radopholus sp. Thymoquinone
(LC50=0.045 pl/ml), thymol (LCs50=0.18 pl/ml), and carvacrol (LCs0=0.9 pl/ml) were found to be the most toxic against Radopholus similis
after 4 hrs. of exposure, followed by those of p-cymol (LCs0=6.3 pl/ml), and (1S)-(-)-a-Pinene (LCs0=36 pl/ml). However, caryophyllene
(LC50=49 pl/ml), terpinene (LCs0=58 pl/ml), and (1R)-(+)-a-Pinene (LCs0=58 pl/ml) were less effective against Radopholus even after 24
hrs. of exposure. Crude oil (LCs0=4.8 pl/ml) also gave high degree of nematicidal activity on Radopholus similis 4 hrs. post treatment. The
results of pot experiments revealed that the most significant effect on the number of nematodes was with Cucurbit sp. (89%) followed by
Chrysanthemum coronarium (88%), Melia azadirachta (85%), Origanum syriacum (77%), Foeniculum vulgare (68%), Inula viscosa (66%)
and Allium sativum (44%) extracts. The highest concentration of essential oils (5-6%) was detected in leaf extracts of Origanum.
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Introduction

Banana is one of the most important of all crops. Total banana
production in the world is estimated at over 76 million metric Tons.
Annual sales worldwide are about US $2.5 billion [1]. Banana has
been cultivated in Lebanon for at least 50 years and expanded on
throughout the Lebanese coast [2]. The total surface of banana
planted in 1997 was 3248 ha [3]. Banana is an important cash
crop for Lebanon and the industry is now worth 35 million dollars
annually. Pests and diseases may be important constraints to fruit
production and quality in all systems of banana cultivation. Plant
parasitic nematodes are widespread and are the most damaging
pests of bananas causing severe crop losses and seriously limit-
ing productivity on banana plantation [4-6]. The burrowing nema-

todes is the most damaging and widespread nematodes attacking
bananas. It is present throughout the tropics and subtropics [7-8].
Radopholus parasitize the banana root system and can reduce
yield by up to 80% [9]. Agrochemicals have been playing a major
role in meeting yield requirements in world food production. How-
ever, concern has arisen out of findings relating them to human
health and environmental problems. Some pesticides contain
active ingredients that have been shown to cause loss of fertility,
carcinogenesis and mutagenesis. Widespread application to most
cash crops means pesticides are present in the ecosystems, aqui-
fers and water systems of the main agricultural areas. In the long-
term, this could have repercussions for both the natural environ-
ment and human health [10,11]. However, there is an urgent need
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to find alternatives for the use of pesticides, which are less toxic
and more environmentally friendly. Lebanon is characterized as a
country rich with a great biodiversity of medicinal and aromatic
plants [12]. Plant extracts containing volatile compounds, especial-
ly essential oils, have been found to possess antimicrobial, insecti-
cidal and nematicidal activity [13-17]. Certain plants are able to kill
or repel pests, disrupt their lifecycle, or discourage them from
feeding. Plant extracts may contain volatile and non-volatile com-
ponents [18]. Some of these components may be detected at a
distance by olfaction and act as attractants or repellents [19].
Some common components of essential oils of Origanum sp. such
as carvacrol and thymol were shown to have nematicidal activity
[17,20,21]. Carvacrol (61%) and thymol (21.8%) were the most
common components in Origanum syriacum [17].

The possibilities for controlling nematodes in bananas are limited
because in most systems of cultivation they are grown as a per-
manent crop and there are no nematode resistant varieties. Also
there is no specific nematode control methods are yet practiced in
traditional cultivations where crop debris including grass, coffee,
oil palm and cocoa husk are used in some countries. The effect of
mulches on nematode populations is not clear [22] and the critical
evaluation of the use of organic materials in banana plantations is
long overdue. Bananas are grown in mixed fields with many other
crops. Soil fumigation as a pre-plant treatment with Telone [I1® (1,3
-dicloropropene) is very effective in suppressing nematode popu-
lations. It is short lived compared to the life of a banana crop.
Plant-parasitic nematodes tend to repopulate an area fairly quickly
after fumigation. Telone is a potential contaminant of groundwater,
restricted-use pesticide, and is also rather costly [23].

The burrowing nematodes in Lebanon have not been studied, and
farmers are not aware of their presence, dissemination and impact
on bananas. The current study is first to report the occurrence and
distribution of the burrowing nematodes and other species of plant
parasitic nematodes on banana in Lebanon. The impact of differ-
ent medicinal and aromatic plant materials on barrowing nema-
todes in pot experiments is investigated. The effect of crude es-
sential oils and pure components of Origanum syriacum on
Radopholus similis are also evaluated.

Materials and Methods

Sampling Method

Ninety three soil samples and similar number of roots samples
were collected between April and May 2010 from different regions
of commercial banana plantations (Table 1 and Fig. 1). Approxi-
mately, each banana orchard was divided into 1 Dunum depend-
ing on the size of the orchard. Collection of samples was carried
out according to the method used by Speijer and De Waele [24]
with some modification. Several holes 20 x 20 x 20 cm3were dug
next to the corm of the mother plant and all banana roots in this
volume were collected and placed in a marked plastic bag. Two
different samples were taken from each orchard. Each sample
contained about 1-1.5 kg of soil taken from around several banana
plants. The top 5 cm soil was discarded. Root samples were col-
lected and placed in the same bag, numbered inside and outside
of each sample. Samples were stored in the fridge at 4°C until
used. Nematodes were identified using morphological characters
(CAB International, UK).

Fig. 1- Map of Lebanon showing collection sites of soil and root
samples

Table 1- Numbers of free-living and plant-parasitic nematodes in
soil and root samples collected from various locations in Lebanon

N Range of . Number of :
: umber of Infection Infection
Region Area samples .nematoqes (%) _nematodes (%)
in 1g soil in 1g roots
Bouar 6 05-225 100 3.0-12 100
North of  Fidar 6 0.5-6.5 100 1.3-13.7 100
Beirut  Naher 3 0.4-1 100 2537 100
Ibrahim
Haret el
Beiutt  Nehme 3 Jul-16 100 2.9-104 100
area Damour 23 1.5-39 100 0-31(4) 826
Rmeileh 1 3 100 53 100
Saida 12 20-132 100 0-14(1) 916
Maghdoucheh 3 0-21(1) 66.6 0-3.2(1) 66.6
T\ahe’. By 1824 100 3261 100
ouali
Moultaka 3 1797 100 15-6.0 100
fgg::]g; Bourghlieh 7 35108 100 407 100
Ezzieh 4 2.1-6.75 100 0-66(1) 75
Mansouri 1 2.2 100 44 100
Nakoura 6 0-21(2) 66.6 0-25(2) 66.6
Sarafand 2 38118 100 2.7-3.3 100
Sour 10 1.3-10.3 100 0-10.2(2) 80

() Number of samples free of nematodes in particular area

Extraction and Counting of Nematodes

Plant roots were gently washed, access of water removed, cut into
small pieces and then weighed. Roots were placed in a sieve (53
mm) with tissue paper and then in a glass funnel. Distilled water
was slowly added and left for 24 hrs. at room temperature for
nematodes extraction. After 24 hours, the sieve containing roots
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was removed, water was collected into a measuring beaker and
the volume of water was recorded. Each sample was mixed well
and 2 ml suspension was transferred into a counting chamber.
The number of nematodes was counted and recorded.

The soil extraction was prepared as reported by Fenwick [25]. A
bunch of 150 g soil was placed in the funnel and water was added
slowly to moist the soil and left for 24 hours for extraction. Each
sample was treated similarly to root samples. The number of nem-
atodes in 2 ml was counted and number of nematodes in 1 g of
soil was estimated. In addition, slides preparations were made for
identification using a microscope. Presence of other nematodes in
each sample was identified using morphological measurements.

Plants Material and Oil Isolation

Samples of O. syriacum L. were collected from populations culti-
vated in Zoutar Alshrkia farm, south Lebanon, 350 m.s.l. in April
2010. The plants were identified according to letswaart [26] and
Herbarium specimens were deposited at the Department of Crop
Protection, Faculty of Agricultural and Veterinary Sciences, Leba-
nese University. Fresh leaves were used for the isolation of the
essential oil and subjected to hydrodistillation in a Clevenger-type
apparatus. Hundred grams of fresh material were placed into the
apparatus with 400 ml of distilled water and hydrodistilled for 2
hrs. Essential oil was collected and dried over anhydrous sodium
sulphate (Na2SOa4). Yellowish oil was transferred into dark glass
bottles and stored at -20°C until required. Pure components were
purchased from Sigma. To determine the concentration of an
essential oil in each plant extract the following formula was used:
Yield (%) = (volume of essential oil/weight of dried test material)
X100.

Effect of Crude Essential Oil and Pure Components on Mor-
tality of Radopholus similis after 24 hrs. Exposure

Crude essential oil and 8 commercial pure components of Origa-
num syriacum were tested: (1S) - (-) - a- pinene; (1R)- (+) - a-
pinene; terpinene; caryophyllene; p-cymol; thymoquinone; thymol
and carvacrol. Freshly extracted (within 24 h) nematodes (mixture
of different life stages) were placed (approx. 50 nematodes per
watch glass) in cavity watch glasses containing different concen-
trations (0 (control), 0.1, 0.5, 2, 4, 8 pg/ml liter") of each compo-
nent. Watch glasses were covered with glass slides to prevent oil
evaporation. Nematodes mortality was recorded after 1, 2, 4 and
24 hrs. and LCso for each treatment was calculated using Probit
analysis. Nematodes were considered dead if they did not re-
spond to being touched by a small probe [27]. The percentage of
mortality was determined. This experiment was repeated twice.

Impact of Chopped Plant Materials Against Radopholus si-
milis using Pot Experiment

Infested soils with the burrowing nematodes were collected from
an infested banana orchard (Naameh, Al-Shouf) previously tested
and the nematodes identified using morphological characters
(CAB International, UK). Collected soils were thoroughly mixed
and divided into several batches. Different plant materials (Allium
sativum, (whole plant), Chrysanthemum coronarium (stem,
leaves), Cucurbits sp (seeds), Foeniculum vulgare (leaves), Inula
viscosa (leaves), Origanum syriacum (leaves), Melia azadirachta
(leaves) (Table 4)) were air dried at room temperature, chopped

into small pieces and 30 g of each treatment were mixed thor-
oughly with approximately 1.5 kg of infested soil (per replication),
and then placed in 2 litre plastic pot. Each pot was planted with
two weeks old banana plant. Each treatment was replicated eight
times. The control was replicated eight times and treated under
the same conditions but without treatment. Pots were arranged on
the bench in a randomised complete block design and watered as
needed. For population initial (Pi) subsamples (replicated X3)
were taken and extracted for nematodes count [25]. At 20 days
interval from plating two plants were assessed. Each plant was
carefully removed from the soil. Soil of each pot was thoroughly
mixed and sub-samples of 150g were extracted for nematodes
count (population final (Pf)).

Statistical Analysis

Sigma Stat 2.0 was used for statistical analysis and calculation of
statistical parameters (mean, two way ANOVA, Tukey). Signifi-
cance of difference (P<0.05) were tested byTukey test. Data was
transformed into probate unit and value determined.

Results

Plant and Soil Survey

In the survey of banana plantations on the Lebanon coast 93
samples were collected. Almost all the collected soil samples
(96.7%) and 88.2% of the root samples were infected with
nematodes. The level of infestation of soil sample was rang-
ing between 0.12 and 39 nematodes per g soil. The number of
nematodes in root samples ranged from 0 to 72.5 nematodes
in g roots (Table 1). Both, soil and root, samples collected
from the north areas were all infested with nematodes where
the number of nematodes ranged from 0.4 to 6 per g/soil and
from 1.3 to 13.7 per g/soil in the root system. Similar infesta-
tion (100%) was detected in samples collected near Beirut
areas except for Damour area (82.6%). Over 51 of soil and
root samples were collected from south of Lebanon. The in-
festation ranged from 66.6% to 100% in both soil and root
samples. The number of nematodes ranged from 0 to 13.2 in
1 g/soil while from 0 to 17 in 1 g/roots (Table 1). Several gen-
era were identified in both, soil and root, samples including:
free-living nematodes, Rotylenchulus sp., Xiphinema sp., Lon-
gidorus sp., Meloidogyne spp., Helicotylenchus sp., and
Pratylenchus spp. During the survey a visible symptoms such
as “toppling” of the trees caused by nematodes were evident
especially on the old plantation. The damage was varying
from one area to another.

Plant Extracts

The highest concentration (5-6%) of oil was extracted from leaves
of O. syriacum, however, a traceable amount (< 1%) was detected
in the stems and was not used for further extraction.

Effect of Crude Essential Oil and Its Pure Components of
Origanum syriacum on Radopholus similis

The crude essential oil extracts began to affect Radopholus similis
at lower concentrations within minutes of exposure with slow body
movements becoming apparent. As the concentrations increased
from 0.1 to 8 mglliter, there was a corresponding increase in the
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percentage mortality of nematodes (Table 2). However, at 0.1 pl/
ml of crude oil, total death of nematodes occurred after 24 hrs. of
exposure. Four hours post exposure the LCs values were 4.8 mg/
liter. With increasing concentration, the percentage of death in-
creased reaching 100% at all the concentrations used after 24
hours of exposure. Total mortality was obtained at 8 pl/ml with
carvacrol, thymoquinone and thymol. While (1R)-(+) a-pinene, B-
caryophylle and (1S)-(-)-a-pinene were less effective against
Radopholus similis at the same concentration (Table 3). Thymo-
quinone (LCso= 0.045 pl/ml), carvacrol (LC5=0.9 pul/ml), and thy-
mol (LCso= 0.18 pl/ml ) were the most effective against nema-
todes after 4 hrs. of exposure to substrates.

Table -2-The effect of crude and pure components of Origanum
syriacum on mortality (%) of Radopholus similis
Concentration pl/iml

Component 01 05 1 2 4 8 Control
Crude oil 65.00 + 61.65+ 63.60 + 65.00 + 66.25+ 69.55+ 23.55 +
33.16> 16.70> 25.73v 30.27> 2561 28.21b 13.902
p-Cymene 2267+ 1750+ 2340+ 27.07+ 37.50 + 62.50 + 23.55 +
9.052 5002 9.352 17.19a 15002 0.00> 13.902
Carvacrol 440+ 5152+ 6190+ 9285+ 93.32+100.00 1040+

24225 32040 39.27> 14.30¢ 13.35¢ +0.00¢ 10.492
66.01+ 51.54+ 4237+ 5542+ 56.22+100.00 21.07 +
26.04> 343> 2199 23150 28.40> +0.00¢ 7.372

57.3+ 56.50+ 5642+ 5222+ 68.32+100.00 21.07

Thymoquinone

Thymol 33 1468° 2599 2013 36675 +000¢ 7.37

1452+ 2877+ 3070+ 2300+ 415+ 1582+ 935+
B-Caryophylle 4 45 ™ 385 0000 0000 4792 4550 3600
. 6.60+ 2750+ 1782+ 1750+ 117542500+ 9.35+
erpinene

0.01a  5.000 16.992 15002 20.702 17.672 3.632
550+ 690+ 1310+ 2610+ 950+ 20.10+ 1040+
3.00= 2802 3.00a 435 0002 1602 10492
158+ 1245+ 1500+ 1150+ 870+ 1245+ 1040+
4552 2302 5772 4382  7.102 12502 10492

(1S)-(-)-a-Pinene

(1R)-(+)a-Pinene

aThe data are the mean of two experiments (Tukey test). Data
followed by the same letter are not significantly different at
P<0.05.

Table 3- LCso of each component for each treatment

Concentration in pl /hrs.

Components 1 2 4 24
Thymoquinone  0.22 0.15 0.05

Thymol 04 0.35 0.18

Carvacrol 28 14 0.9
p-Cymene 6.7 6.5 6.3 4
Terpinene 82 65 58 6.5
(1R)-(+)-a-Pinene 84 69 58 24
(1S)-(-)-a-Pinene 24 32 36 34
Caryophyllene 55 52 49 49
Crude oil 11.6 6.3 4.8 --

al Cso, components concentration at which 50% of nematodes
individuals were dead.

Impact of chopped plant materials on Radopholus similis
using pot experiment

The impact of different plant materials on Radopholus similis are
presented in Table 4. All the treatments used had significant effect
(P<0.05) on nematode invasion in comparison to the control. Not
all the treatments showed similar effect against Radopholus si-
milis. The most significant effect on the number of nematodes was

achieved with Cucurbit sp (89%) followed by Chrysanthemum
coronarium (88%), Melia azadirachta (85%), Origanum syriacum
(77%), Foeniculum vulgare (68%), Inula viscosa (66%) and Allium
sativum (44%) extracts.

Table 4- Effect of different medicinal and aromatic plants materials
against Radopholus similis in pot experiment

Number of nematodes 1 g soil

After After After After
el treat- treat- treat- treat-
Latin name treat- ment Ratio ment Ratio ment Ratio ment Ratio Control
. . . o
m)nt ) (PfIPi) (P40 (PfIPi) (PF)(60 (PfIPi) (P)(80 (PfIPi) (%)
[EVE)] LEVE)] LEVE)] days)

A. sativum 29450 2300 077 223 076 1.80> 061 1.65° 0.56 44
1. viscosa 2945 1.10c 038 1.10c 0.36 1.10¢ 0.37 1.00c 0.34 66
O. syriacum ~ 2.9452 0.95¢ 032 0.85¢ 029 0.83 028 067¢ 023 77
C. coronarium 2.9452 0.60¢ 0.2 053¢ 0.18 041¢ 014 0.34¢ 012 88
F. vulgare 29452 0.74¢ 025 160> 054 0.62¢ 021 094c 032 68
M. azadirachta 2.9452 0.88¢ 029 1.00c 033 177> 0.6 045 0.15 85
Cucurbitsp. ~ 2.9452 0.60¢ 02 231> 078 1.26c 024 0.33¢ 011 89
Control 29450 3.0152 1.02 390 132 5107 173 8109 275 -

PI- Population initial, Pf- Population final. 2The data are the mean
of two replications. Data followed by the same letter are not signif-
icantly different at P<0.05 (Tukey test).

Discussion

The results of field survey revealed for the first time the wide-
spread distribution of borrowing nematodes throughout the coun-
try. Aimost all surveyed areas showed infection with nematodes.
The level of infestation was varying from one area to another in
soil samples that ranged between 0.12 and 39 nematodes in 1 ¢/
soil; the number of nematodes in root samples ranged between 0
and 72.5 nematodes in 1 g/roots, which might have negative ef-
fect on the banana production in the country. Moens [9] reported
that R. similis parasitize the banana root system and can reduce
yield by up to 80%. During the survey visible symptoms/damages
with toppling of the trees caused by nematodes was evident espe-
cially on the old plantations. The damage was also varying from
one area to another. In Lebanon, the economic effect of plant
parasitic nematodes on banana has not been established. The
current survey also discovered the presence of other most eco-
nomically important plant parasitic nematodes on banana includ-
ing, Rotylenchulus sp, Xiphinema sp, Longidorus sp, Meloidogyne
spp., Helicotylenchus sp., and Pratylenchus spp. In a survey car-
ried out in India, 8 different species of plant parasitic nematode
(H. multicinctus, H. dihystera, P. coffeae, R. similis, Tylenchorhyn-
chus sp., R. reniformis, M. incognita and Hoplolaimus indicus)
were associated with banana invasions [28]. Controlling nema-
todes weigh heavily on the use of nematicides in form of fumigant
such as Telone Il and other organophosphates, which are harmful
to human, environment and beneficial organisms. One way of
searching for environmentally benign nematicidal compounds is to
screen naturally occurring compounds in plants. Allelochemicals
are plant-produced compounds that affect the behaviour of other
organisms and thought to be toxins and secondary metabolites,
which act as attractants or deterrents [29,18]. For example, sudan
grass contains a chemical called d’hurrin that degrades into hy-
drogen cyanide and is a powerful nematicide [30]. Our results
revealed that all essential oil/ plant extracts tested had nematicidal
effect. Almost all essential oil/ plant extracts tested affected the
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growth of nematodes in pot experiments and even at the lowest
concentration (0.1pg/ml liter) in direct contact with nematodes.
Essential oils from various plants have shown promise as poten-
tial sources for new nematicides. Most of these plants are aro-
matic and culinary herbs that contain the nematicidal compounds
such as carvacrol and thymol [21]. Over 20 major compounds of
essential oils were identified [17], however, components such as
carvacrol, linalool, thymol and menthone were the most toxic
against the J2 of M. incognita. In this study very low concentration
(1 mg liter') of several components gave high mortality against
Radopholus similis. The essential oils from the following plants
ranked the highest for nematicidal activity: caraway, fennel, apple-
mint, spearmint, Syrian oregano, and oregano [21].

The highest concentration of 1,8- cineole (40%) was found to be
abandoned in a wide range of plants [30-31]: In our investigation,
thymoquinone, thymol and carvacrol have exhibited nematode-
suppressive characteristics equivalent to cadusafos a synthetic
chemical pesticide [32]. The estimated LCso value for essential oils
against Radopholus similis was 0.2 mg liter" compared to 0.49
mg liter! for oxamyl and 4.63 mg liter! for aldicarb against Glo-
bodera rostochiensis on agar plates. Concentration of 0.1 and 0.5
mg liter- of oxamy! inhibited the orientation of M. incognita toward
roots [33] and effected the orientation of juveniles of G. rosto-
chiensis toward potato roots [34]. The mode of action of essential
oils on nematodes is still not fully understood. In insects, several
essential oils inhibit acetycholinesterase activity [35]. Some com-
mon components of essential oils such as carvacrol, t-anethole,
and thymol have been identified as insecticidal [36-37]. Some of
these components were shown to have nematicidal activity [21].
The lethal concentration (LCeo) for thymol against M. arenaria in
soil was 161 ppm and the efficiency of thymol was enhanced syn-
ergistically in combination with a synthetic benzaldehyde [20]. In
our experiments thymoquinone (LCs0=0.045 pl/ml), thymol
(LCs0=0.18 pl/ml), and carvacrol (LC50=0.9 pl/ml) were found the
most toxic against Radopholus similis after 4 hrs. of exposure.
Nematodes are attracted to marigold roots but when they invade
them, the root releases ozone killing them [38]. Moreover, French
marigold (Tagetes patula) was also shown to be the most effective
type in lowering root-knot nematode populations [38]. Belcher and
Hussey [39] found that T. patula acted as a trap crop to M. incog-
nita, but prevented giant cell initiation. On the other hand, a mini-
mum concentration of 1 mg liter' of A. sativum L. and F. vulgare
L. significantly decreased the emergence of juveniles of M. incog-
nita to 7.6% and 25%, respectively [40]. Leaves extracts of Crot-
alaria virgulata subsp. grantina had a nemostatic effect on J2 of
M. incognita at the same concentration [41]. Pérez and co-
workers [42] reported that C. coronarium L. extracts also reduced
the hatching, J2 survival and reproduction rate of M. artiellia in
vitro. In our study C. coronarium significantly reduced the growth
of Radopholus similis in pot experiment. Leaf powder rock flea-
bane (Inula viscose) at a concentration of 0.1% in sand reduced
hatching of second-stage juveniles of M. javanica and the citrus
nematode (Tylenchulus semipenetrans) but the stem-bulb nema-
todes (Ditylenchus dipsaci) were unaffected [43]. Similar affect
was obtained in our investigation using the same plant extracts.
Clove extract and Nimbecidine did not show any potential for the
control of Aphelenchoides fragariae on its host [44]. Gupta and
Sharma [45] report indicated that garlic extract had increased

larval mortality by 88.64-98.88% at 0.05-10% concentration and it
increased with increased exposure time. Also, Nath and col-
leagues [46] found that garlic extract had 100% lethal effect on J2
of M. javanica and 100% reduction of root penetration, while
Shady and Soliman [47] reported that the application of chopped
garlic cloves (80 mg/tree) gave the highest reduction percentage
(85%) compared to the control treatment in nematode population
of M. incognita in soil and roots of grapevine tree. According to
Stoll and Sebeck [48] the nematicidal activity of garlic is attributed
to allicin, diallyl disulfide, ammonia and pyruvic acid. However,
Chitwood [49] proved that allicin at a concentration of 25 ug/ml
inhibited penetration of roots by M. incognita juveniles by 50% and
was not phytotoxic. In the current study A. sativum showed mod-
erate control (44%) of Radopholus spp. Also, we can suppose that
the seven dried plant materials of Cucurbit sp, C. coronarium, M.
azadirachta, O. syriacum, F. vulgare, I. viscosa, and A. sativum
have nematicidal effect in controlling the burrowing nematode R.
similis with different ratios and different mechanisms. Further
investigations are required, which could lead to the exploitation of
the natural biocidal activity of plant extracts against nematodes as
an environmentally benign control measure.
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