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ABSTRACT 

 
Nematicidal activity of ۱۲ monoterpenes namely, camphene, (R)-camphor, 

(R)-carvone, ۱-۸-cineole, cuminaldehyde, (S)-fenchone, geraniol, (S)-limonene, (R)-
linalool, (۱R,۲S,٥R)-menthol, citral and thymol was evaluated against root-knot 
nematode, Meloidogyne incognita J۲ 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 (J۲). 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 ۲٥۰ 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. 
Keywords: monoterpenes, nematicidal activity, Meloidogyne incognita 
 

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 $۱۰۰ billion annually (Khan et al., 
۲۰۰۸). Root-knot nematodes attack more than ۲۰۰۰ species of plants, 
including almost all cultivated plants and reduce world crop production by 
about ٥ %. Losses in individual fields, however, may be much higher (Agrois, 
۱۹۹۷). Root-knot nematodes, Meloidogyne spp., are the most pathogenic 
species of nematodes to the most crops and could cause up to ٦٤٪ yield 
reduction (Khan et al., ۱۹۹٦). 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, ۲۰۰۷), enhancing cultural practices (Okada and Harada, ۲۰۰۷), 
cultivating resistant cultivars (Williamson and Kumar, ۲۰۰٦), and applying 
pesticides [Browning et al., ۲۰۰٦].  
       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., ۲۰۰٥; Pavaraj et al., ۲۰۱۲). Many plant 
constituents and metabolites including essential oils have been investigated 
for the activity against plant-parasitic nematodes (Albuquerque et al., ۲۰۰۷, 
Echeverrigaray et al., ۲۰۱۰, Pérez et al., ۲۰۰۳, Walker and Melin ۱۹۹٦). A 
wide variety of plant species, representing ٥۷ families have been shown to 
nematicidal compounds (Sukul, ۱۹۹۲), which includes isothiocynates, 
thiophenics glycosides, alkaloids, phenolic and fatty acids (Gommers, ۱۹۷۳). 
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 (٥-carbon-base; C٥), 
while terpenoids represent terpenes containing oxygen. The main structural 
classes of the terpenes are: monoterpenes (C۱۰), sesquiterpenes (C۱٥), 
hemiterpenes (C٥), diterpenes (C۲۰), triterpenes (C۳۰), tetraterpenes (C٤۰) 
(Aharoni et al., ۲۰۰٥). Monoterpenoids (C۱۰), formed by two isoprene units, 
are the most representative molecules in more than ۹۰٪ of the essential oils 
extracted from plants (Bakkali et al., ۲۰۰۸).  Nematicidal phytochemicals are 
generally safe for the environment and humans (Chitwood, ۲۰۰۲).  

In this study, the nematicidal activity of ۱۲ 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 (۹٥٪), (R)-camphor (۹۸٪), (R)-

carvone (۹۸٪), ۱-۸-cineole (۹۹٪), cuminaldehyde (۹۸٪), (S)-fenchone (۹۸٪), 
geraniol (۹۸٪), (S)-limonene (۹٦٪), (R)-linalool(۹٥٪), (۱R,۲S,٥R)-menthol 
(۹۸٪), citral (۹٥٪) and thymol (۹۸٪) were purchased from Sigma–Aldrich 
Chemical Co., Steinheim, Germany. Chemical structures of these 
monoterpenes are shown in Figure ۱. Oxamyl (Vydate®۲٤٪ L) (N, N-dimethyl-
۲-methylcarbamoyloxyimino-۲-(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, ۱۹۸٥; 
Jepson, ۱۹۸۷). 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, ۱۹۷۳) and 
incubated for ٤۸ h at room temperature at ۲٥ ± ۲C° for hatching. The hatched 
second stage juveniles (J۲) were collected daily. Only freshly hatched J۲ 
collected within ٤۸ h were used for experiments. Second stage juveniles (J۲) 
and eggs of M. incognita were used for toxicity evaluations.  
Nematicidal activity 

Nematicidal activity of monoterpenes was evaluated against second-
stage juveniles (J۲) of M. incognita under laboratory conditions. Four 
concentrations (۱۲٥, ۲٥۰, ٥۰۰ and ۱۰۰۰ μg/ml) of each compound were 
prepared in distilled water containing ۰٫۳٪ Tween ۲۰. Four replicates of each 
concentration with about ۱۰۰ specimens of M. incognita juveniles in each 
replicate were used. The control treatment contains distilled water with ۰٫۳٪ 
Tween ۲۰. Oxamyl was used as reference nematicide. The treatments were 
incubated at ۲٥ ± ۲C° and the mortality of nematodes was recorded after ٤۸ 
h. The LC٥۰ values were calculated according to Finney (۱۹۷۱). 
Hatching inhibition 

Approximately ۱۰۰ eggs were transferred to the different 
concentrations of monoterpenes in glass vials containing distilled water. 
Monoterpenes were tested at concentrations of ۱۲٥, ۲٥۰, ٥۰۰ and ۱۰۰۰ μg/ml. 
Each treatment was replicated four times. The glass vials were incubated at 
room temperature (۲٥ ± ۲C°) and the number of hatched juveniles was 
counted under a stereo microscope. Hatching inhibition percentages was 
observed after ۷ days and IC٥۰ values were calculated by probit analysis 
(Finney, ۱۹۷۱).  
Greenhouse experiment 

The tested compounds, citral, geraniol, thymol, cuminaldehyde and 
carvone, were applied to evaluate their efficacy on (M. incognita) at a 
concentration of ۲٥۰ mg/kg and oxamyl at recommended rate (٤L per 
fedden). Seedlings of similar age and size of eggplant (S. melongena L. cv. 
Black Beauty), ۲۱-day-old were singly transplanted on a plastic pot (۲۰ cm 
diameter and ۱٥ cm depth), filled with ۳ Kg mixture of autoclaved sand: clay 
soil (۳:۱, v: v). Plants were allowed to recover from transplanting shocks for 
۱۰ days. Each pot was inoculated with an initial inoculum level of (٥۰۰۰ 
eggs/pot) of root-knot nematode in holes of ٥-۷ 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 ۲٥-۳۰°C. After ٦۰ days, plants root 
systems were gently cut from the stem. The parameters including number of 
galls and egg masses per root system, final J۲ 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 (۱۹٥٥) equation. Roots were stained for 
۱٥ minutes in an aqueous solution of Phloxine B stain (۰٫۱٥ g/l water) 
(Holbrook et al., ۱۹۸۳), 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 ۱۱.۰۰ software (SPSS Inc., Chicago, IL, USA). Duncan's Multiple 
Range Test (DMRT) was employed to test for significant differences between 
the treatments (Duncan, ۱۹٥٥), and the LC٥۰, IC٥۰ values were calculated 
using probit analysis.  

Figure ۱. The chemical structure of the tested monoterpenes. 
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RESULTS 

 
Toxicity of monoterpenes to J۲ of M. incognita 

In the bioassay test, the effects of ۱۲ monoterpenes on J۲ of M. 
incognita at concentrations of ۱۲٥, ۲٥۰, ٥۰۰ and ۱۰۰۰ μg/ml were evaluated. 
As shown in Table (۱), 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 LC٥۰ values ranged 
from ۱٤۹٫٥ to ۲٥۹.٦ μg/ml. Linalool and menthol were moderately toxic with 
LC٥۰ of ۳۹٤٫۸ and ٦٦۷٫۳ μg/ml, respectively. 

 
Table (۱): In vitro toxicity of monoterpenes against J۲ of M. incognita. 

Treatment LC٥۰ a 
(μg/ml) 

۹٥٪ Confidence Limits (μg/ml) Slope ± S.E.b Lower Upper 
Citral ۲٥۹.٦ ۲۱۷٫۱ ۳۰٥.٥ ۱٫۹۱ ± ۰.۱۹ 
۱،۸-Cineole ۹۷٦٫۷ ۷۸۸.۳ ۱۳۹۰٫۸ ۱٫۹۸ ± ۰٫۳٤ 
Camphor ۷۲۱.۳ ٥۸۳٫۱ ۹٦۱٫٤ ۱٫٦۲ ± ۰٫۲۱ 
Geraniol ۱۷۰٫۹ ۱٤۳٫۸ ۱۹۸٫٥ ۲٫٤٤ ± ۰٫۲۹ 
Limonene ۸۹۸٫۸ ۷۲٤٫٦ ۱۲۱۸.۱ ۱٫۸۲ ± ۰٫۲۳ 
Menthol ٦٦۷٫۳ ٥۳۰.٥ ۹۱۲٫٦ ۱٫٤۳ ± ۰٫۲۰ 
Linalool ۳۹٤.۹ ۳۳۰٫۲ ٤۷۷٫۳ ۱٫۷۱ ± ۰٫۱۹ 
Cuminaldehyde ۱۸۳٫۳ ۱٥۷.۰ ۲۱۰٫٤ ۲٫٦٥ ± ۰٫۲۹ 
Fenchone ۱۰٦٦٫٥ ۸۳٥٫۷ ۱٥۳۷.۰ ۱٫۷۷ ± ۰٫۲٤ 
Carvone ۱٤۹٫٥ ۱۲۷.۸ ۱۷۰٫٦ ۲٫۹٤ ± ۰٫۳۱ 
Camphene ۹۲۹.٥ ۷٤٦٫۹ ۱۲٦۹٫۱ ۱٫۸۳ ± ۰٫۲۳ 
Thymol ۱۹۸.٦ ۱۷۱.٥ ۲۲٦٫۳ ۲٫۷ ± ۰٫۲٤ 
Oxamyl ٥۸٥ ٫٤٦۰٫۱۲ ۷۰٫۳۲ ٤٫۷۳ ± ۰٫٤۲ 

a The concentration causing ٥۰٪ larval mortality. 
b Slope of the concentration- mortality regression line. 
 
Effect of tested monoterpenes on hatching inhibition 

The results shown in Table ۲ indicated that, the tested monoterpenes, 
significantly, reduced hatching of eggs at concentrations of ۱۲٥ to ۱۰۰۰ μg/ml, 
and all the compounds tested, drastically, reduced hatching at ٥۰۰ and ۱۰۰۰ 
μg/ml.  

Carvone cuminaldehyde, thymol, and geraniol were highly efficient in 
inhibition of hatching. At the highest concentration (۱۰۰۰ μg/ml), these 
compounds caused ۹۰٪ reduction in hatching. The results revealed that 
carvone, cuminaldehyde, thymol, and geraniol were highly toxic with IC٥۰ 
values ranged from ۹٥٫۹ to ۲۱۸٫۳ μg/ml. Meanwhile, Citral and menthol were 
moderately toxic with IC٥۰ values of ۳٥۸٫٦ and ۳۳۰٫۲ μg/ml, respectively.   
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Table (۲): In vitro effect of monoterpenes on egg hatching inhibition of 
M. incognita 

Treatment IC٥۰
a 

(μg/ml) 
۹٥٪ Confidence Limits(μg/ml) Slope ± S.E b Lower Upper 

Citral ۳٥۸٫٦ ۳۰۸.۹                      ٤۱٦٫۷ ۲٫۱٥ ± ۰٫۲۱ 
۱،۸-Cineole ٦۷٥٥٥٫ ٥٫٦۸ ۸۷۰٫٥ ۱٫۷۳ ± ۰٫۲۱ 
Camphor ۱۱٥٦٫۲ ۹۱٦.۱ ۱٦٤٥٫۱ ۲٫۰۲ ± ۰٫۲۷ 
Geraniol ۲۱۸٫۳ ۱۸۳٫٦ ۲٥٤٫۱ ۲٫۱٥ ± ۰٫۲۱ 
Limonene ٥۰۷٫۱ ٤۲٤٫۳ ٦۲٤٫٦ ۱٫۷٤ ± ۰٫۲۰ 
Menthol ۳۳۰٫۲ ۳۳۰٫۲ ٤۷۷٫۳ ۱٫۷۱ ± ۰٫۱۹ 
Linalool ۸۰۳٦ ٫٥۲٤٫٥ ۱۱٦۰٫٥ ۱٫٤۱ ± ۰٫۱۹ 
Cuminaldehyde ۱۰٦.۳ ۸۸٫۳ ۱۲۲٫۲ ۳٫۳٦ ± ۰٫٤۱ 
Fenchone ۱٦۷٥.۹ ۱۱٦۰٫۰ ۳۲۰۹٫۹ ۱٫٥۱ ± ۰٫۲٤ 
Carvone ۹٥٫۹ ۷۲٫۸ ۱۱٥٫۸ ۲٫٥۸ ± ۰٫۳٥ 
Camphene ۱۳۳۳٫۳ ۹۹۷٫٥ ۲۱۳۱٫۲ ۱٫۷۲ ± ۰٫۲٥ 
Thymol ۲۱۰٫۳ ۱٦۸٫٦ ۲٥۳٫۸ ۱٫۷٦ ± ۰٫۲۲ 
Oxamyl ٥۷.٥ ٥۰٫۸ ٦۷٫۰ ۲٫۸٥ ± ۰٫٤۲ 

aThe concentration causing ٥۰٪ 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 ۳. 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 ۲٥۰ 
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 (۱٦۱) and thymol (۱۲٥) were not significantly 
different .In addition, there were no significant differences among geraniol 
(۱۱۹), thymol (۱۲٥) and cumminaldehyde (۹٥). On the other hand, plants 
treated with carvone produced the lowest number of galls (٥۷) with ۸٤٫٤ % 
reduction ,indicating that  carvone was the highest effective treatment on root 
galls. All of the tested compounds were less active than oxamyl (۹۲٫٦٪) 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 
۸٤٫٥٪ reduction followed by cumminaldehyde and geraniol achieving ۷۰٫٥ and 
٦۱٫۸٪ reduction, respectively. It was also, noticed that application of the 
tested compounds, significantly,  decreased the population of J۲ in soil with 
excepion of citral. Carvone was the superior treatment which suppressed final 
population of M. incognita with value of ٤۹٫٤ reduction percent without any 
difference from cumminaldehyde in significance. Citral showed the less 
performance with value of ٥٫٤٪ reduction . 
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Table (۳): The efficacy of monoterpene against M. incognita galls, egg 
masses on roots and  second stage J۲ population in soil on 
eggplant. 

Treatment Number 
of Galls 

Reduction 
% 

Number of 
Egg Masses 

Reduction 
% 

Population 
J۲ in soil 

Reduction 
% 

UU control ۰e - ۰e - ۰d - 
UI  control ۳٦۷a - ۳۰۹a - ۹۹۰٥a - 
Citral ۱٦۱b ٥٦٫۱ ۱٥۷b ٤۹٫۱ ۹۳٦۸a ٥٫٤ 
Geraniol ۱۱۹c ٦۷٫٦ ۱۱۸c ٦۱٫۸ ٦۷۹۲b ۳۱٫٤ 
Carvone ٥۷d ۸٤ ٤٫٤۸d ۸٥ ٤٫٥۰۱۰c ٤۹٫٤ 
Cumminaldehyde ۹٥c ۷٤٫۱ ۹۱c ۷۰٥ ٫٥۸۷۰bc ٤۰٫۷ 
Thymol ۱۲٥bc ٦٥٫۹ ۱۲۰c ٦۱٫۲ ۷۱٤۰b ۲۷٫۹ 
Oxamyl ۲۷de ۹۲٫٦ ۲٥de ۹۱٫۹ ٤٦۲٤c ٥۳٫۳ 
* 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 ٤ , 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 ۱۱۹ and ۱۱۲٫۸٪, 
respectively (Table ٤). Beyond oxamyl, carvone followed by cumminaldehyde 
were the most effective treatments to increase both  fresh shoot & root 
weights and lengths with ۱۱۳٫٦ & ۹۷٫۹٪ and ۱۰٤٫٥ & ۹۳٫٦٪ without any 
significant differences from each other, consecutively. Meanwhile, thymol 
recorded the intermediate value of fresh shoot and root weights and lengths 
(۷٤٫٦ and ۷٤٫۳ % increase). On the other hand, citral showed the least activity 
towards both  fresh shoot & root weights and lengths with values of ٦۱٫٦ and 
٦۲٫٤ % increase, respectively.  
 
Table (٤): 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 ٤٤٫٥۰a ۱٥٫۰۰a ٥۹٫٥۰a - ۱۲۹٫۲٥a ۳۰٫۸۸a ۱٦۰٫۱۳a - 
UI  control ۱۷٫۲٥c ۸٫۰۰c ۲۷٫۲٥e - ٥۱٫۷٥c ۱٦٫۰۰c ٦۷٫۷٥e - 
Citral ۳٥٫٥۰b ۸٫۷٥c ٤٤٫۲٥d ٦۲٫٤ ۹۲٫۷٥b ۱٦٫۷٥c ۱۰۹٫٥۰d ٦۱٫٦ 
Geraniol ۳۸٫۷٥ab ۱۰٫۲٥bc ٤۹٫۰۰bdc ۷۹٫۸ ۱۱۰٫۷٥ab ۱۹٫۷٥c ۱۳۰٫٥۰bcd ۹۲٫٦ 
Carvone ٤۲.۰۰a ۱۳٫۷٥a ٥٥٫۷٥ab ۱۰٤٫٥ ۱۱۷٫۰۰ab ۲۷٫۷٥ab ۱٤٤٫۷٥abc ۱۱۳٫٦ 
Cumminaldehy
de 

٤۰٫۲٥ab ۱۲٫٥۰ab ٥۲٫۷٥abc ۹۳٫٦ ۱۰۸٫۷٥ab ۲٥٫۳۸ab ۱۳٤٫۱۲٥abcd ۹۷٫۹ 

Thymol ۳۸٫۰۰ab ۹٫٥۰c ٤۷٫٥۰cd ۷٤٫۳ ۹۹٫۰۰b ۱۹٫۳۱c ۱۱۸٫۳۱cd ۷٤٫٦ 
Oxamyl ٤۳٫٥۰a ۱٤٫٥۰a ٥۸٫۰۰a ۱۱۲٫۸ ۱۲۰٫۰۰ab ۲۸٫۳۸ab ۱٤۸٫۳۸ab ۱۱۹٫۰ 
* 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., ۲۰۰۸, Sacchetti et al., ۲۰۰٥, Chedekal, ۲۰۱۳). Many essential 
oils and some of their main constituents possess nematicidal activity against 
Meloidogyne and other important phytonematodes (Kong et al., ۲۰۰۷, Oka et 
al., ۲۰۰۰). 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., ۲۰۰۷ and Albuquerque et al., ۲۰۰۷. Limonene 
showed antihatching activity differing from data obtained by Oka et al., ۲۰۰۰, 
using the same concentrations. These results agree with findings of Ohri and 
Pannu ۲۰۰۹. 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 C۱ was more toxic than linalool, with hydroxyl group at C۳. 
The effect of double bond position on the nematicidal activity of terpenoids 
was previously reported by Park et al. ۲۰۰۷. 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 ۲٥۰ 
mg/kg in greenhouse experiments. These results are similar to those reported 
by Echeverrigaray et al., ۲۰۱۰, and Oka et al. ۲۰۰۰, 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., ۲۰۰۹, Onifade 
۲۰۰۷ and Pérez et al., ۲۰۰۳) or organic amendments from essential oil rich 
plants (Pérez et al., ۲۰۰۳ and Silva el al., ۲۰۰٦). 

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, ۲۰۰۱, Kostyukovsky et al., ۲۰۰۲), and to interfere with GABA 
receptors of insects (Priestley et al., ۲۰۰۳). 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., ۲۰۰۸). In 
general, the in vitro cytotoxic activity of essentials oils has been attributed to 
the presence of phenols, aldehydes, and alcohols (Bruni et al., ۲۰۰٤ and Oka 
et al., ۲۰۰۰).  

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 دمنھور –كلیة الزراعھ 

 
وھ��ي  م��ن المونوتربین��اتمرك��ب  ۱۲ النیم��اتودى ل��ـالنش��اط اجری��ت ھ��ذه الدراس��ة لتقی��یم 

-)S(، جیرانی�ول، فینش�ون  (S)، كیم�ون الدھی�د،  س�ینول ۸-۱كارفون، -)R(كافور، ) R(كامفین، 
ص�نف ( الباذنجان على نیماتودا تعقد الجذور فىینالول، المنثول، السترال والثیمول ل -)R(اللیمونین، 
المختب�رة مركبات ال كل ان ،المعملیةالتجارب اوضحت . صوبةوتم ذلك معملیا وداخل ال )بلاك بیوتى

 انخف�اضالنت�ائج  اظھ�رت كم�ا). J۲( لط�ور الیرق�ى الث�انى لنیم�اتودا تعق�د الج�ذورتسببت ف�ى م�وت ا
مركب�ات  م�ن لان ك� التج�ارب المعملی�ة نت�ائجوض�حت ألق�د  و. فى نسب فق�س الب�یض واضح معنوى

ع�ن بقی�ة ق�وى  نیم�اتودى ت�اثیر ق�د اظھ�رترانیول، والس�ترال ، الثیمول، جیكیمون الدھید كارفون، ال
 وھ��ى  الاكث��ر كف��اءة نیماتودی��ة  لمونوتربین��اتمركب��ات ا ت��م اختب��ارلق��د و .المركب��ات المون��وتربین

نت��ائج التجرب��ة  وعكس��تداخ��ل الص��وبة ، الثیم��ول، جیرانی��ول، والس��ترال كیم��ون الدھی��د ك��ارفون ، ال
النیم�اتودا النھ�ائى ف�ى  تع�داد، كت�ل الب�یض وی�ة الجذر العق�دد كبی�ر ف�ي أع�دا انخف�اض معن�وى حدوث
ول�وحظ   . مقارن�ة ب�الكنترول المعام�لترب�ة  ج�مك/  جممل ۲٥۰ باستخدام تركیز الباذنجان لنبات التربة

و كت�ل   العق�د الجذری�ةف�ي أع�داد  انخفاض معنوىفي أكبر  تتسببقد   كارفونال المعاملة بمركب ان 
مبی��د الكاربام��اتى ال آخرباس��تثناءمرك��ب أي ب�� وتع��داد النیم��اتودا النھ��ائى ف��ى الترب��ة مقارن��ة  الب��یض
معنوی��ة  زی��ادة اح��دثت ق��د  الت��ي ت��م اختبارھ��ا  المع��املاتالنت��ائج أن ك��ل م��ن  تش��یرو.  میلاالاوكس��

النت�ائج  وقد اظھ�رت. بینماتودا تعقد الجذورنمو النبات مع تقلیل الإصابة  قیاسات فىمختلفة بدرجات 
انھ م�ن ب�ین ك�ل مركب�ات المون�وتربین المختب�رة ك�ان الك�ارفون ویلی�ة الكیمونالدھی�د اكث�ر المع�املات 

أي م�ن المركب�ات  تظھ�رل�م ھ�ذا و . فعالیة للزیادة فى اوزان واط�وال المجم�وع الج�ذرى والخض�رى
مركب�ات المونوتربین�ات أن وجد  النتائج المتحصل علیھا  بناءا على. سمیة نباتیةالتى تم اختبارھا اى 

 الاس�تفادة منھ�اویمك�ن  وتج�ارب الص�وبة ی�ةالمعمل ك�لا م�ن التج�ارب ف�يق�وى  نشاط نیم�اتودى ذات 
 .كمركبات نیماتودیة طبیعیة

 نیماتودا تعقد الجذور، النشاط النیماتودى ، المونوتربینات  :كلمات البحث
 

 قام بتحكیم البحث

 

 جامعة المنصورة –كلیة الزراعة  احمد جمال الشریف/ د .أ
 الاسكندریھ جامعة –كلیة الزراعة  محمود محمد ابو العمایم/ د .أ
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