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ABSTRACT 

 
Nematicidal activity of 12 monoterpenes namely, camphene, (R)-camphor, 

(R)-carvone, 1-8-cineole, cuminaldehyde, (S)-fenchone, geraniol, (S)-limonene, (R)-
linalool, (1R,2S,5R)-menthol, citral and thymol was evaluated against root-knot 
nematode, Meloidogyne incognita J2 in-vivo and in-vitro on eggplant cv. Black Beauty 
(Solanum melongena L.). In laboratory experiments, all of the tested compounds 
caused significant mortality of the second larval stage (J2). It was, also, noticed that 
the tested compounds reduced egg hatching. Carvone, cuminaldehyde, thymol, 
geraniol, and citral showed the highest nematicidal activity among the tested 
monoterpenes in vitro. The results of greenhouse experiment clarified that the tested 
monoterpenes; carvone, cuminaldehyde, thymol, geraniol, and citral, significantly, 
reduced numbers of root galls, egg masses and population of nematodes of eggplant 
at concentration 250 mg/kg soil compared to the inoculated control. Carvone was the 
most effective treatment in reducing root galls, egg masses and final population of the 
nematode except for oxamyl. Results revealed that all of the tested treatments 
increased various measures of plant growth characters with the reduction in the root- 
knot infestation. Among all of the tested monoterpenes, carvone followed by 
cumminaldehyde were the most effective treatments to increase both fresh shoot & 
root weights and lengths. None of the compounds was phytotoxic at the tested 
treatments. Results stated that monoterpenes exhibited significant nematicidal activity 
in-vitro and in-vivo experiments and could be considered as useful natural namaticidal 
agents. 
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INTRODUCTION 
 

Plant parasitic nematodes are mostly microscopic organisms. They 
cause significant damage for almost all crops. Global crop loss caused by 
plant parasitic nematodes is more than $100 billion annually (Khan et al., 
2008). Root-knot nematodes attack more than 2000 species of plants, 
including almost all cultivated plants and reduce world crop production by 
about 5 %. Losses in individual fields, however, may be much higher (Agrois, 
1997). Root-knot nematodes, Meloidogyne spp., are the most pathogenic 
species of nematodes to the most crops and could cause up to 64% yield 
reduction (Khan et al., 1996). M. incognita (Kofoid and White) Chitwood 
(Tylenchida: Heteroderidae) is a major plant-parasitic nematode species 
affecting the quantity and quality of the crop production in many annual and 
perennial crops. Root-knot nematodes spend part of their life in soil either as 
eggs or as second-stage larvae. The latter enters the roots and establishes 
feeding sites in susceptible hosts, inducing roots swelling with a characteristic 
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“knotty” appearance. Root galling can drastically limits water and nutrient 
uptake leading to several symptoms, like malnutrition, chlorosis, and stunting, 
causing considerable quantitative and qualitative losses in several crop 
plants. The population of plant-parasitic nematodes in the field can be 
minimized through several approaches such as using natural enemies (Khan 
and Kim, 2007), enhancing cultural practices (Okada and Harada, 2007), 
cultivating resistant cultivars (Williamson and Kumar, 2006), and applying 
pesticides [Browning et al., 2006].  
       The extensive use of pesticides in control of nematodes led to 
environmental and health problems as well as the development of nematode 
resistance. Therefore, it has become an important issue to find alternative 
control strategies for nematodes. One of possible alternatives is the utilization 
of plant extracts, plant secondary metabolites and plant essential oils for 
nematode control (Abid et al., 2005; Pavaraj et al., 2012). Many plant 
constituents and metabolites including essential oils have been investigated 
for the activity against plant-parasitic nematodes (Albuquerque et al., 2007, 
Echeverrigaray et al., 2010, Pérez et al., 2003, Walker and Melin 1996). A 
wide variety of plant species, representing 57 families have been shown to 
nematicidal compounds (Sukul, 1992), which includes isothiocynates, 
thiophenics glycosides, alkaloids, phenolic and fatty acids (Gommers, 1973). 
Plant terpenoids are used extensively for their aromatic qualities. Terpenes 
form structurally and functionally different classes of compounds that are 
formed by coupling different numbers of isoprene units (5-carbon-base; C5), 
while terpenoids represent terpenes containing oxygen. The main structural 
classes of the terpenes are: monoterpenes (C10), sesquiterpenes (C15), 
hemiterpenes (C5), diterpenes (C20), triterpenes (C30), tetraterpenes (C40) 
(Aharoni et al., 2005). Monoterpenoids (C10), formed by two isoprene units, 
are the most representative molecules in more than 90% of the essential oils 
extracted from plants (Bakkali et al., 2008).  Nematicidal phytochemicals are 
generally safe for the environment and humans (Chitwood, 2002).  

In this study, the nematicidal activity of 12 monoterpenes was 
investigated against the knot-root nematode, M. incognita, in laboratory and 
greenhouse, in order to find potential alternatives for the control of this 
important agronomical pest.  
  

MATERIALS AND METHODS 
 

Chemicals 
Twelve monoterpenes, camphene (95%), (R)-camphor (98%), (R)-

carvone (98%), 1-8-cineole (99%), cuminaldehyde (98%), (S)-fenchone 
(98%), geraniol (98%), (S)-limonene (96%), (R)-linalool(95%), (1R,2S,5R)-
menthol (98%), citral (95%) and thymol (98%) were purchased from Sigma–
Aldrich Chemical Co., Steinheim, Germany. Chemical structures of these 
monoterpenes are shown in Figure 1. Oxamyl (Vydate

®
24% L) (N, N-

dimethyl-2-methylcarbamoyloxyimino-2-(methylthio) acetamide) was supplied 
by Dupont company.  
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Nematode  
M. incognita (Kofoid and White) Chitwood was isolated from inoculated 

plants of eggplant (Solanum melongena L.) in green house. Root-knot 
nematodes were identified using perineal patterns of adult females as well as 
the morphology of second stage juveniles (Hartman and Sasser, 1985; 
Jepson, 1987). Egg masses of root - knot nematode obtained from a pure 
culture maintained on eggplant roots were placed on sterilized distilled water 
of sodium hypochloride (NaOCl) solution (Hussey and Barker, 1973) and 
incubated for 48 h at room temperature at 25 ± 2C° for hatching. The hatched 
second stage juveniles (J2) were collected daily. Only freshly hatched J2 
collected within 48 h were used for experiments. Second stage juveniles (J2) 
and eggs of M. incognita were used for toxicity evaluations.  
Nematicidal activity 

Nematicidal activity of monoterpenes was evaluated against second-
stage juveniles (J2) of M. incognita under laboratory conditions. Four 
concentrations (125, 250, 500 and 1000 μg/ml) of each compound were 
prepared in distilled water containing 0.3% Tween 20. Four replicates of each 
concentration with about 100 specimens of M. incognita juveniles in each 
replicate were used. The control treatment contains distilled water with 0.3% 
Tween 20. Oxamyl was used as reference nematicide. The treatments were 
incubated at 25 ± 2C° and the mortality of nematodes was recorded after 48 
h. The LC50 values were calculated according to Finney (1971). 
Hatching inhibition 

Approximately 100 eggs were transferred to the different 
concentrations of monoterpenes in glass vials containing distilled water. 
Monoterpenes were tested at concentrations of 125, 250, 500 and 1000 
μg/ml. Each treatment was replicated four times. The glass vials were 
incubated at room temperature (25 ± 2C°) and the number of hatched 
juveniles was counted under a stereo microscope. Hatching inhibition 
percentages was observed after 7 days and IC50 values were calculated by 
probit analysis (Finney, 1971).  
Greenhouse experiment 

The tested compounds, citral, geraniol, thymol, cuminaldehyde and 
carvone, were applied to evaluate their efficacy on (M. incognita) at a 
concentration of 250 mg/kg and oxamyl at recommended rate (4L per 
fedden). Seedlings of similar age and size of eggplant (S. melongena L. cv. 
Black Beauty), 21-day-old were singly transplanted on a plastic pot (20 cm 
diameter and 15 cm depth), filled with 3 Kg mixture of autoclaved sand: clay 
soil (3:1, v: v). Plants were allowed to recover from transplanting shocks for 
10 days. Each pot was inoculated with an initial inoculum level of (5000 
eggs/pot) of root-knot nematode in holes of 5-7 cm depth around the plant 
within the radius of two centimeters. There were four replicates for each 
treatment including the untreated un-inoculated and inoculated controls. 
Greenhouse temperature ranged between 25-30°C. After 60 days, plants root 
systems were gently cut from the stem. The parameters including number of 
galls and egg masses per root system, final J2 population were recorded. 
The reduction in the galls, egg masses and nematode population density 
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expressed as a percentage was calculated at the end of the experiment 
according to Henderson and Tilton's (1955) equation. Roots were stained for 
15 minutes in an aqueous solution of Phloxine B stain (0.15 g/l water) 
(Holbrook et al., 1983), then gently washed in tap water. Plant growth 
parameters expressed by shoot and root lengths (in centimeter), and fresh 
weights (in grams), were recorded and calculated as a percentage of 
increase.  
Statistical analysis 

The data were analyzed by one-way analysis of variance (ANOVA) 
using SPSS 11.00 software (SPSS Inc., Chicago, IL, USA). Duncan's Multiple 
Range Test (DMRT) was employed to test for significant differences between 
the treatments (Duncan, 1955), and the LC50, IC50 values were calculated 
using probit analysis.  

Figure 1. The chemical structure of the tested monoterpenes. 
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RESULTS 
 
Toxicity of monoterpenes to J2 of M. incognita 

In the bioassay test, the effects of 12 monoterpenes on J2 of M. 
incognita at concentrations of 125, 250, 500 and 1000 μg/ml were evaluated. 
As shown in Table (1), it was noticed that the inhibitory effect of a 
monoterpenes on nematode activity or mortality was concentration 
dependent, i.e. toxicity of the nematode increased by increasing of 
monoterpene concentration. The results revealed that carvone, geraniol, 
cuminaldehyde, thymol and citral were highly toxic with LC50 values ranged 
from 149.5 to 259.6 μg/ml. Linalool and menthol were moderately toxic with 
LC50 of 394.8 and 667.3 μg/ml, respectively. 

 
Table (1): In vitro toxicity of monoterpenes against J2 of M. incognita. 

Treatment 
LC50 

a
 

(μg/ml) 
95% Confidence Limits (μg/ml) 

Slope ± S.E.
b
 

Lower Upper 

Citral 259.6 217.1 305.5 1.91 ± 0.19 

1,8-Cineole 976.7 788.3 1390.8 1.98 ± 0.34 

Camphor 721.3 583.1 961.4 1.62 ± 0.21 

Geraniol 170.9 143.8 198.5 2.44 ± 0.29 

Limonene 898.8 724.6 1218.1 1.82 ± 0.23 

Menthol 667.3 530.5 912.6 1.43 ± 0.20 

Linalool 394.9 330.2 477.3 1.71 ± 0.19 

Cuminaldehyde 183.3 157.0 210.4 2.65 ± 0.29 

Fenchone 1066.5 835.7 1537.0 1.77 ± 0.24 

Carvone 149.5 127.8 170.6 2.94 ± 0.31 

Camphene 929.5 746.9 1269.1 1.83 ± 0.23 

Thymol 198.6 171.5 226.3 2.7 ± 0.24 

Oxamyl 58.46 50.12 70.32 4.73 ± 0.42 
a
 The concentration causing 50% larval mortality. 

b
 Slope of the concentration- mortality regression line. 

 
Effect of tested monoterpenes on hatching inhibition 

The results shown in Table 2 indicated that, the tested monoterpenes, 
significantly, reduced hatching of eggs at concentrations of 125 to 1000 
μg/ml, and all the compounds tested, drastically, reduced hatching at 500 and 
1000 μg/ml.  

Carvone cuminaldehyde, thymol, and geraniol were highly efficient in 
inhibition of hatching. At the highest concentration (1000 μg/ml), these 
compounds caused 90% reduction in hatching. The results revealed that 
carvone, cuminaldehyde, thymol, and geraniol were highly toxic with IC50 

values ranged from 95.9 to 218.3 μg/ml. Meanwhile, Citral and menthol were 
moderately toxic with IC50 values of 358.6 and 330.2 μg/ml, respectively.   
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Table (2): In vitro effect of monoterpenes on egg hatching inhibition of 
M. incognita 

Treatment 
IC50

a 

(μg/ml)
 

95% Confidence Limits(μg/ml) 
Slope ± S.E

 b
 

Lower Upper 

Citral 358.6 308.9                      416.7 2.15 ± 0.21 

1,8-Cineole 675.6 555.8 870.5 1.73 ± 0.21 

Camphor 1156.2 916.1 1645.1 2.02 ± 0.27 

Geraniol 218.3 183.6 254.1 2.15 ± 0.21 

Limonene 507.1 424.3 624.6 1.74 ± 0.20 

Menthol 330.2 330.2 477.3 1.71 ± 0.19 

Linalool 803.5 624.5 1160.5 1.41 ± 0.19 

Cuminaldehyde 106.3 88.3 122.2 3.36 ± 0.41 

Fenchone 1675.9 1160.0 3209.9 1.51 ± 0.24 

Carvone 95.9 72.8 115.8 2.58 ± 0.35 

Camphene 1333.3 997.5 2131.2 1.72 ± 0.25 

Thymol 210.3 168.6 253.8 1.76 ± 0.22 

Oxamyl 57.5 50.8 67.0 2.85 ± 0.42 
a
The concentration causing 50% hatching inhibition. 

b
 Slope of the concentration-inhibition regression line. 

 
In vivo nematicidal activity of monoterpenes to M. incognita on 
eggplant:  

In pot experiments, the number of galls and egg masses per root 
system, and final population as affected by the tested monoterpenes are 
presented in Table 3. The nematicidal activity of the five selected 
monoterpenes, significantly, affected root galls, egg masses and final 
population of M. incognita infecting eggplant at the application rate of 250 
mg/kg. After two months of a single application, M. incognita produced 
variable number of galls on roots of all tested compound. Untreated 
inoculated control (UI control)  showed maximum number of galls and egg 
masses per root system, and final population. The number of galls produced 
by plants treated with citral (161) and thymol (125) were not significantly 
different .In addition, there were no significant differences among geraniol 
(119), thymol (125) and cumminaldehyde (95). On the other hand, plants 
treated with carvone produced the lowest number of galls (57) with 84.4 % 
reduction ,indicating that  carvone was the highest effective treatment on root 
galls. All of the tested compounds were less active than oxamyl (92.6%) in 
reducing the number of galls per plant. Similarly, all of the tested compounds 
and oxamyl,  significantly, reudced the number of  egg masses . Carvone was 
the most effective treatment to suppress the number of egg masses with 
84.5% reduction followed by cumminaldehyde and geraniol achieving 70.5 
and 61.8% reduction, respectively. It was also, noticed that application of the 
tested compounds, significantly,  decreased the population of J2 in soil with 
excepion of citral. Carvone was the superior treatment which suppressed final 
population of M. incognita with value of 49.4 reduction percent without any 
difference from cumminaldehyde in significance. Citral showed the less 
performance with value of 5.4% reduction . 
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Table (3): The efficacy of monoterpene against M. incognita galls, egg 
masses on roots and  second stage J2 population in soil on 
eggplant. 

Treatment 
Number 
of Galls 

Reduction 
% 

Number of 
Egg Masses 

Reduction 
% 

Population 
J2 in soil 

Reduction 
% 

UU control 0
e
 - 0

e
 - 0

d
 - 

UI  control 367
a
 - 309

a
 - 9905

a
 - 

Citral 161
b
 56.1 157

b
 49.1 9368

a
 5.4 

Geraniol 119
c
 67.6 118

c
 61.8 6792

b
 31.4 

Carvone 57
d
 84.4 48

d
 84.5 5010

c
 49.4 

Cumminaldehyde 95
c
 74.1 91

c
 70.5 5870

bc
 40.7 

Thymol 125
bc

 65.9 120
c
 61.2 7140

b
 27.9 

Oxamyl 27
de

 92.6 25
de

 91.9 4624
c
 53.3 

* Data with the same letter(s) within a column are not significantly different according to 
Duncan’s a new multiple range test.  *UU control: untreated un-inoculated control, UI 
control: untreated inoculated controls 

 
In pot experiments as shown in Table 4 , M. incognita reduced all plant 

growth parameters in the untreated inoculated treatments as compared with 
the treated or uninoculated plants. Eggplant biomass was markedly increased 
by most of the used treatments. Oxamyl gave  the greatest increases in fresh 
shoot & root weights and lengths achieving values 119 and 112.8%, 
respectively (Table 4). Beyond oxamyl, carvone followed by cumminaldehyde 
were the most effective treatments to increase both  fresh shoot & root 
weights and lengths with 113.6 & 97.9% and 104.5 & 93.6% without any 
significant differences from each other, consecutively. Meanwhile, thymol 
recorded the intermediate value of fresh shoot and root weights and lengths 
(74.6 and 74.3 % increase). On the other hand, citral showed the least 
activity towards both  fresh shoot & root weights and lengths with values of 
61.6 and 62.4 % increase, respectively.  
 
Table (4): Effect of monoterpenes against Meloidogyne incognita on 

plant growth parameters of eggplant in the greenhouse. 

Treatment 

Length (cm)  Fresh weight (g) 

Shoot Root Total 
Increase 

% 
Shoot Root Total 

Increase 
% 

UU control 44.50
a
 15.00

a
 59.50

a
 - 129.25

a
 30.88

a
 160.13

a
 - 

UI  control 17.25
c
 8.00

c
 27.25

e
 - 51.75

c
 16.00

c
 67.75

e
 - 

Citral 35.50
b
 8.75

c
 44.25

d
 62.4 92.75

b
 16.75

c
 109.50

d
 61.6 

Geraniol 38.75
ab

 10.25
bc

 49.00
bdc

 79.8 110.75
ab

 19.75
c
 130.50

bcd
 92.6 

Carvone 42.00
a
 13.75

a
 55.75

ab
 104.5 117.00

ab
 27.75

ab
 144.75

abc
 113.6 

Cumminaldehy
de 

40.25
ab

 12.50
ab

 52.75
abc

 93.6 108.75
ab

 25.38
ab

 134.125
abcd

 97.9 

Thymol 38.00
ab

 9.50
c
 47.50

cd
 74.3 99.00

b
 19.31

c
 118.31

cd
 74.6 

Oxamyl 43.50
a
 14.50

a
 58.00

a
 112.8 120.00

ab
 28.38

ab
 148.38

ab
 119.0 

* Data with the same letter(s) within a column are not significantly different according to 
Duncan’s a new multiple range test. 

 * UU control: untreated un-inoculated control, UI control: untreated inoculated controls 
Therefore, these results  indicated that  none of the compounds was 

phytotoxic even at the tested concentration. 
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DISCUSSION 
 

Monoterpenes are the main constituents of aromatic plant essential oils 
which responsible for most of the biological properties of these plants extracts 
(Bakkali et al., 2008, Sacchetti et al., 2005, Chedekal, 2013). Many essential 
oils and some of their main constituents possess nematicidal activity against 
Meloidogyne and other important phytonematodes (Kong et al., 2007, Oka et 
al., 2000). The results of this study indicated that twelve monoterpenes 
exhibited nematicidal activity against the root knot nematode M. incognita. 
The most efficient compounds were citral, geraniol, thymol, cuminaldehyde 
and carvone. The nematicidal activity of geraniol and citral were previously 
reported by Kong et al., 2007 and Albuquerque et al., 2007. Limonene 
showed antihatching activity differing from data obtained by Oka et al., 2000, 
using the same concentrations. These results agree with findings of Ohri and 
Pannu 2009. Compounds with hydroxyl or carbonyl groups were stronger 
than the other monoterpenoids, indicating that functional group is very 
important for nematicidal activity. Among acyclic alcohols, geraniol with 
hydroxyl group at C1 was more toxic than linalool, with hydroxyl group at C3. 
The effect of double bond position on the nematicidal activity of terpenoids 
was previously reported by Park et al. 2007. Among the tested compounds, 
citral, geraniol, thymol, cuminaldehyde and carvone showed potential 
nematicidal activity in vitro experiments. These five compounds, significantly, 
reduced egg masses and galls produced by M. incognita nematodes at 250 
mg/kg in greenhouse experiments. These results are similar to those reported 
by Echeverrigaray et al., 2010, and Oka et al. 2000, for the essential oils of 
five aromatic plants. Plant protection against phytonematodes has been 
obtained by the application of essential oils (Abo-Elyousr et al., 2009, Onifade 
2007 and Pérez et al., 2003) or organic amendments from essential oil rich 
plants (Pérez et al., 2003 and Silva el al., 2006). 

The mode of action of essential oils and monoterpenes on nematodes 
is unclear. However, some essential oils have been reported to have 
genotoxic activity in Drosophila melanogaster to activate octopaminergic 
receptors (Enan, 2001, Kostyukovsky et al., 2002), and to interfere with 
GABA receptors of insects (Priestley et al., 2003). As typical lipophiles, 
essential oils and terpenoids interact with the cytoplasmic membrane of 
yeasts disrupting the structure of polysaccharides, fatty acids, and 
phospholipids, and provoking depolarization of the mitochondrial membranes 
resulting in leakage of radicals, cytochrome C, calcium ions, and proteins 
(Bakkali, et al., 2008). In general, the in vitro cytotoxic activity of essentials 
oils has been attributed to the presence of phenols, aldehydes, and alcohols 
(Bruni et al., 2004 and Oka et al., 2000).  

In conclusion, the results obtained in this study indicate the remarkable 
nematicidal activity of monoterpenes such as citral, geraniol, thymol, 
cuminaldehyde and carvone against the root knot nematode, M. incognita. 
The need for new natural nematicides with different mode of action and the 
strong nematicidal activity of these compounds demonstrated in this study 
both in in-vitro and in-vivo may encourage further studies on their using as 
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biodegradable and mammalian and environmentally safe nematode control 
agents. 
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 منى عبد الرسول
 جامعة دمنهور –كلية الزراعه 

 

ىهتتً  متتا اسمىنى رنٌنتت همركتت   21 اسنٌمتت  ىةل ستت اسنشتت   اجرٌتته هتتلد اسةراتتتي س  ٌتتٌ  
-(S، جٌرانٌتىل، )فٌنشتىا  (S)، كٌمتىا اسةهٌتة،  تٌنىل 8-2ك رفىا، -(R( ك فىر، )Rك مفٌا، )

) صتن  اسن لنج ا على نٌم  ىةا  ع ة اسجلىر فىٌن سىل، اسمنثىل، است رال ىاسثٌمىل س -(Rاسلٌمىنٌا، )
اسمخ نتر  مركن ه اس كل اا ،اسمعملٌياس ج ر  اىضحه . صىنيى   لسك معملٌ  ىةاخل اس نالك نٌى ى(

 انخفت  اسن ت ج   اظهتره كمت (. J2) س تىر اسٌرىتى اسثت نى سنٌمت  ىةا  ع تة اسجتلىر تننه فتى متىه ا
مركنت ه  متا لاا كت اس جت ر  اسمعملٌتي ن ت ج ىضتحه أس تة  . ىفى نت  ف ت  اسنتٌ  ىاضح معنىل

عتا ن ٌتي ىتىل  نٌمت  ىةل  ت ثٌر ىتة اظهترهرانٌىل، ىاستت رال ، اسثٌمىل، جٌكٌمىا اسةهٌة ك رفىا، اس
 ىهتتى  االكثتتر كفتت ي  نٌم  ىةٌتتي  سمىنى رنٌنتت همركنتت ه ا  تت  اخ نتت رس تتة ى اسمركنتت ه اسمىنتتى رنٌا.

ن تت ج  اس جرنتتي  ىعكتتتهةاختتل اسصتتىني ، اسثٌمتتىل، جٌرانٌتتىل، ىاستتت رال كٌمتتىا اسةهٌتتة كتت رفىا ، اس
اسنٌمت  ىةا اسنهت جى فتى   عتةاة، ك تل اسنتٌ  ىٌتي اسجلر اسع تةة كنٌتر فتً أعتةا انخفت   معنتىل حةىث
ىستىحظ   . م  رنتي نت سكن رىل اسمع متل رنتي  ج / ك ج مل 152 ن ت خةا   ركٌز اسن لنج ا سنن ه اس رني

ى ك تل   اسع تة اسجلرٌتيفتً أعتةاة  انخف   معنىلفً أكنر  ه تننىة   ك رفىااس اسمع ملي نمرك  اا 
منٌتتة اسك رن متت  ى اس آخرن تتت ثن يمركتت  أي نتت ى عتتةاة اسنٌمتت  ىةا اسنهتت جى فتتى اس رنتتي م  رنتتي  اسنتتٌ 
معنىٌتتي  زٌتت ة  احتتةثه ىتتة  اس تتً  تت  اخ ن رهتت   اسمعتت مالهاسن تت ج  أا كتتل متتا   شتتٌر. ى مٌل االىكتتت

اسن ت ج   ىىة اظهتره. نٌنم  ىةا  ع ة اسجلىرنمى اسنن ه مع   لٌل اإلص ني  ىٌ ت ه فىمخ لفي نةرج ه 
انه متا نتٌا كتل مركنت ه اسمىنتى رنٌا اسمخ نتر  كت ا اسكت رفىا ىٌلٌتي اسكٌمىن سةهٌتة اكثتر اسمعت ماله 

أي متا اسمركنت ه   ظهترست  هتلا ى فع سٌي سلزٌ ة  فى اىزاا ىا تىال اسمجمتىا اسجتلرل ىاسخضترل. 
مركنت ه اسمىنى رنٌنت ه أا ىجة  اسن  ج  اسم حصل علٌه   نن يا علىتمٌي نن  ٌي. اس ى    اخ ن ره  ال 

 االتت ف ة  منهت ىٌمكتا  ى جت ر  اسصتىني ٌتياسمعمل كتال متا اس جت ر  فتًىتىل  نش   نٌمت  ىةل لاه 
 كمركن ه نٌم  ىةٌي  نٌعٌي.

 اسمىنى رنٌن ه , اسنش   اسنٌم  ىةل , نٌم  ىةا  ع ة اسجلىر :كلمات البحث
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