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Abstract 

 
Essential oils (EOs) were extracted from Corymbia citriodora and Eucalyptus camaldulensis fresh leaves and tested 
for their nematicidal activity at four different concentrations viz., 125, 250, 500 and 1000 mg/l against root-knot 
nematode, Meloidogyne incognita under laboratory conditions. All concentrations significantly inhibited egg 
hatching (31.24–66.35%) and mortality of second stage juvenile. Inhibition of egg hatching (%) and mortality (%) of  
J2 were increased linearly with increasing concentration of EOs. Corymbia citriodora EO was more effective than 

E. camaldulensis in inhibiting egg hatchability and suppressing J2 viability. Probit analysis results showed median 

inhibitory concentration (IC50) values of 412.7 and 615.9 mg/l for C. citriodora and E. camaldulensis leaves EOs,  
respectively. In addition, the lethal concentrations (LC) causing 50% J2 mortality (LC50) of C. citriodora and E. 
camaldulensis oils were 235.9 and 327.7 mg/l, for C. citriodora and E. camaldulensis leaves EOs, respectively. 
Essetial oils were analyzed by gas chromatography-mass spectrometry (GC-MS). Isopulegol (53.68%), citronellol 
(15.26%) and isopulegol acetate (15.25%) were found to be major constituents of C. citriodora, while eucalyptol  
(55.36%) and α-pinene (14.87%) were the major components of E. camaldulensis leaves EO. Because of the high 
nematicidal performance of studied EOs, further trials are required to investigate their efficacy in controlling 
nematode infection and to use them as alternatives to synthetic nematicides in integrated nematode management. 

 

Keywords: Essential oils, nematicidal activity, Corymbia citriodora, Eucalyptus camaldulensis, 

Meloidogyne incognita, gas chromatography- mass spectrometry (GC-MS). 

 
The root-knot nematodes, Meloidogyne spp., 
are predominant and economically important 
soil pests attacking more than 150 host plant 
species in Egypt (Ibrahim et al., 2010). Plants 
infested with root- knot nematodes have 
distinctive symptoms viz., chlorosis of the 
leaves, poor and reduced growth, and low 
response to fertilizers and irrigation (Rahman, 
2003). 

 
Nematode management often depends on the 
application of potent chemical nematicides, 

 

 
but due to their high cost, negative 
environmental and public health impacts 
botanical nematicides are considered as cheap, 
safe and environment-friendly alternatives. Plant 
essential oils are among the major types of 
botanical products used as nematicides; for the 
protection of plants from insects, nematodes and 
microorganisms. Generally, they degrade 
quickly and there is less possibility to kill 
beneficial soil microflora and microfauna than 
synthetic nematicides (Singh & Prassad, 2014). 
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Essential oils (EOs) are formed by aromatic 
plants as secondary metabolites; they are  
volatile, natural, complex compounds 
characterized by a strong odour. Steam or hydro-
distillation method has been used for the 
extraction of essential oils from plants (Azmir et 
al., 2013). EOs are used in the cosmetic, 
preservation of foods and as therapeutics in the 
herbal medicine because of their antiseptic,  
analgesic, sedative, anti-inflammatory, 
spasmolytic, bactericidal, fungicidal, virucidal 
and anthelmintic activities (Garg, 2005; Bakkali 
et al., 2008). 

 

During the last three decades, many plant EOs 
and their components have been reported to 
possess nematicidal properties against plant 
nematodes (Oka et al., 2000; Pérez et al., 2003; 
Bai et al., 2011; Faria, 2015). Therefore, the 
present research study was carried out to assess 
the nematicidal activity of the EOs extracted 
from fresh leaves of Corymbia citriodora and 
 
Eucalyptus camaldulensis at different 
concentrations on M. incognita under laboratory 
conditions. 

 

Corymbia citriodora Hook. (syn. Eucalyptus 
citriodora Hook.) is a woody tree belonging to 
family Myrtaceae. It is inhabitant of 
Queensland, Australia and is widespread in the 
tropics and several other regions of the world. It 
is a tall, evergreen, fast-growing and graceful 
tree, generally known as lemon-scented gum; it 
has been grown for the production of essential 
oil, fuel wood and timber and is a source of 
nectar in honey production (Hill & Johnson, 
1995; Hussain & Ali, 2013). 

 

Eucalyptus camaldulensis Dehnh. (family 
Myrtaceae), is a big, long up to 125-160 meters 
and fast-growing evergreen woody tree 
indigenous to Australia. Eucalyptus trees do well 
in environments that sustain 60 ºC  
temperatures.  They  are  familiar  by their 

medicinal properties of the EO of their leaves 

(Sani et al., 2014). The  Eucalyptus  oil is a 

complex combination of a  number of 

phytochemical constituents such  as 

 

 

monoterpenes, sesquiterpenes, aromatic phenols, 
oxides, ethers, alcohols, esters, aldehydes and 
ketones. However, the exact composition and 
proportion varied with species (Brooker & 
Kleinig, 2006). 

 

The objective of the present study was to 
determine the chemical composition of the 
essential oils of Eucalyptus species and to 
investigate their nematicidal efficacy against 
root-knot nematode, M. incognita. 

 

Materials and Methods 

 

Preparation of plant materials: Fresh leaves of 
the woody trees Eucalyptus camaldulensis were 
collected from Antoniades garden in Alexandria, 
and those of Corymbia citriodora were obtained 
from Shehab Mazhar botanical garden in Cairo. 
The leaves were gently washed by running tap 
water to remove dust and cut into small pieces 
by a stainless scissor as small particle size of the 
plant material help in the oil extraction 
efficiently (Silva et al., 1998). 

 

Oils extraction: Essential oils of the studied tree 

species were extracted by the hydro-distillation 

method of herbage (approximately 1 kg fresh 

leaves, each) in a Clevenger apparatus (Kumar  
& Tripathi, 2011). Extracted EOs were gently 
collected into amber glass vials (ca.15ml) and 
stored in the refrigerator (4ºC) until proceeding 
of the bioassays. 

 

Nematode inocula: The root  knot-nematode, 
 
Meloidogyne incognita (Kofoid & White) 
Chitwood was extracted from severely galled 
roots of the ornamental shrubs Justicia adhatoda 
(Family Acanthaceae) grown in Montaza 
garden, Alexandria. It was identified to the 
species level by the characteristics of its perineal 
pattern (Eisenback et al., 1981) and cultured on 
tomato plants (Gold Stone hybrid) grown in 
17cm diam. plastic pots filled with a steam 
sterilized mixture of sand and clay (2:1) under 
greenhouse conditions (27±3ºC) for 60 days. 
Nematode eggs were extracted from tomato 
roots with 0.5% sodium hypochlorite (Hussey & 
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Barker, 1973) and the extracted eggs were either 
used immediately for egg hatchability test, or 
incubated in egg hatching plastic cups at the 
laboratory temperature (24±3°C) for 72 h to  

provide nematode J2 for the test of juveniles 
viability (Al-Rajhi et al., 1997). 

 

Experimental techniques: Essential oils (EOs) 
of C. citriodora and E. camaldulensis were 
tested for their nematicidal activity towards M. 
incognita at four concentrations @125, 250, 500 
and 1000 mg/l. Stock solutions of the extracted 
EOs were prepared by dissolving 0.5 ml of crude 
oil in 0.5 ml dimethylsulphoxide (DMSO) and 
the volume was made up to 4 ml with 0.5% 
Tween-80 and distilled water. These solutions 
were further diluted by adding the appropriate 
amounts of distilled water to obtain the double 
concentrations (250, 500, 1000 and 2000 mg/l). 
One milliliter of nematode juveniles suspension  

containing approximately 500 J2, or 1000 

nematode eggs were poured into loosely capped 
glass test vials (ca. 10 ml) over 1 ml of double 
concentrations in order to optimize the desired 
ones into test vials (Pandey et al., 2000). An 
EOs-free treatment (distilled water) and a blank 
(DMSO+Tween-80) were prepared and  

inoculated with nematode J2/eggs as previously 

mentioned to serve as controls. All treatments 
were replicated four times and kept under 
laboratory temperature (24±2°C). 

 

Egg hatching was recorded after 7-days 
exposure to the treatments, and viability of 

nematode J2 after 48 hours (Meyer et al., 2006).  

Hatched eggs and activity of J2 were examined 
under a stereo microscope using Peter's 1 ml 
eelworm counting slide. The inhibition (%) of  

egg hatching and J2 mortality (%) were assessed 
as compared to the controls. 

 

Chemical analysis of EOs: The studied EOs 
was chemically analyzed (GC and GC-MS) at 
the Institute of Graduate Studies and Research, 
Alexandria University. 

 

A Trace GC Ultra/Mass Spectrophotometer ISQ 
(Thermo Scientific) instrument equipped with a 

 

 

FID and a DB-5 narrow bore column (length 10 
m × 0.1 mm ID, 0.17 µm film thickness; 
Agilent, Palo Alto, CA, USA) was used. Helium 
was used as the carrier gas (flow rate of 1 ml 

min
-1

), and the oven temperature program was: 
-1

  

min
-1

) with post run (off) at 280 °C. Oil samples 
(1 µl) were injected at 250 °C, with split/split-less 
injector (50:1 split ratio) in the split-less 

mode flow with 10 ml min
-1

 (Saleem et al., 
2014). 

 

Gas chromatography mass spectrometry (GC-
MS) was equipped with a ZB-5MS Zebron 
column (length 30 m × 0.25 mm ID, 0.25 µm 
film thickness; Agilent). Helium (average 

velocity 39cm s
-1

) was used as the carrier gas and 
the oven temperature was held at 45°C for 2 min. 

then increased from 45 to 165°C (4°C min.
-
  

1
), and 165-280 °C (15 °C min

-1
). All mass 

spectra were recorded in the electron impact 
ionization (EI) at 70 electron volts. The mass 
spectrometer was scanned from m/z 50-500 at 
five scans per second. Peak area percent was 
used for obtaining quantitative data with the GC 
with HP-ChemStation software (Agilent 
Technologies) (Elansary & Ashmawy, 2013) 
without using correction factors. Identification 
of the EO constituents was performed on the 
basis of MS library search (NIST and Wiley) 
(Davies, 1990; Adams, 1995; Saleem et al., 
2016 a). 

 

The experimental design: The bioassays were 

assigned as factorial experiments in complete 
randomized design (Steel & Torrie, 1980), 
where the oils are the first factor and their 
concentrations are the second one. Four 
replicates were used for each treatment. Analysis 
of variance (ANOVA) between treatments was 
statistically done by SAS software (SAS, 1997).  

Prior to statistical analysis, J2 mortality (%) was 
corrected using Abbott's formula (Abbott, 1925) 
as follows: 
 
 

Corrected Mortality%of treatment -Mortality% of control  
 

mortality = 
100 % Mortality of control x 100 

 

(%)  
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Later, data were subjected to the Probit analysis 
to estimate the inhibitory concentration (IC) of  

egg hatching by 50% (IC50) and 95% (IC95), 
and the lethal concentration (LC) causing 

juveniles  mortality  by  50%  (LC50)  and  95% 

(LC95) (Finney, 1971). Moreover, linear 
regression models were used to determine the 
relationship between tested concentrations of the 
oils and percentages of inhibition of egg 
hatching and juveniles’ mortality (SAS, 1997). 

 

Results and Discussion 

 

Oils yield: The yield of EOs obtained by 
hydrodistillation of approximately 1 kg fresh 
leaves of C. citriodora and E. camaldulensis was 
1.5% and 0.9% (w/w), respectively. 

 

GC-MS chemical analysis of EOs: The 

chemical constituents of the EO of C. citriodora 

leaves by GC-MS were given in Table 1. The 

main components were isopulegol (53.68%), α-

citronellol (15.26%), isopulegol acetate 

(15.25%) and eucalyptol (3.71%) as shown in 

Fig. 1A. These results are in conformity with the 

findings of earlier researchers who reported 

citronellal, isopulegol, citronellol, cetronellyl 

acetate and geraniol as the major components of 

the EO of E. citriodora (Rastogi & Mehrotra, 

1998; Batish et al., 2006). 

 

The chemical components of EO from leaves of 
E. camaldulensis by GC-MS were given in 
Table 2. The main constituents were eucalyptol 
(55.36%), α-pinene (14.87%), γ-terpinene 
 
(8.77%) and (−)-terpinen-4-ol (5.23%) as 
observed in Fig. 1B. Lima et al., (2013) found 

eucalyptol (46.74%), α-pinene (6.35%) and 
terpinen-4-ol (7.6%) as major components of E.  
camaldulensis. Eucalyptol exhibited 

antimicrobial properties against many pathogens 

as reported earlier (Rosato et al., 2007; Bakkali 

et al., 2008; Salem et al., 2015, 2016 b). Several 

authors confirmed that α-pinene,isopulegol, 

citronellol and eucalyptol were among the most 

effective terpenoids possessing high nematicidal 

activity (Choi et al., 2007; 

 

 

Echeverrigaray et al., 2010; Andrés et al ., 2012; 
Abdel-Rahman et al., 2013; Faria, 2015). 

 

Egg hatchability percent and mortality of 
second stage juveniles: Results of the bioassays 
revealed that EO of C. citriodora was more 
effective than E. camaldulensis oil for inhibiting 
egg hatching and suppressed juveniles activity 
of M. incognita under laboratory conditions 
(Table 3). The concentration @ 1000 mg/l of C. 
citriodora oil exhibited the maximum inhibition 
of egg hatching (66.32%) and 100% juveniles’ 
mortality; same trend was found with E. 
camaldulensis oil (60.05% and 96.33%, 
respectively). Considerable inhibition of egg 
hatching (49.13%) and juveniles’ mortality  
(76.19%)  were obtained by the concentration  
500 mg/l of C. citriodora oil, while the 

minimum ones (33.34% and 26.7%, 
respectively) were given by the concentration 
125 mg/l. 

 

Inhibition of egg hatching after 7 days (Fig. 
2A) and juveniles mortality after 48 days (Fig. 
2B) were increased (P=0.0001) linearly with 
increasing concentration of the C. citriodora  

oil recording R
2

 = 0.94 and 0.91, respectively. 

Inhibition of egg hatching after 7 days (Fig. 
3A) and juveniles mortality after 48 days (Fig. 
3B) were significant increased (P=0.0001) 
linearly with increasing concentration of the E.  

camaldulensis oil recording R
2

 = 0.96 and 

0.99, respectively. This result was in harmony 
with results obtained by Pandey et al., (2000)  

who indicated that EOS of E. citriodora and E. 

hybrida possess strong nematicidal properties 
against M. incognita under laboratory 
conditions. Batish et al., (2008) also reported 
that EO of Eucalyptus spp. had a strong 
nematicidal activity. EOs of E. citriodora and  

E. hybrida were toxic to M. incognita J2 

(Saxena et al., 1987). EOs of E. camadulensis, 
E. saligna and E. urophylla caused the  

mortality of M. exigua J2 (Salgado et al., 

2003). Based on results of the Probit analysis 
(Table 4), it was observed that the 
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Table 1. Chemical composition of the essential oil extracted from Corymbia citriodora 
leaves using GC-MS.  

 

 Retention Time 
Compound 

Area 
 

 
(min.) (%) 

 

  
 

    
 

 5.88 3-Thujene 0.54 
 

 6.08 1S-α-Pinene 0.24 
 

 7.15 6,6-Dimethyl-3-methylenebicyclo[3.1.1]heptane 0.72 
 

 7.30 α-Pinene 0.46 
 

 8.97 cis-Terpin hydrate 3.71 
 

 9.82 (E)-2,5-Dimethyl-1,6-octadiene 0.37 
 

 9.91 3-Carene 0.81 
 

 10.32 γ-Pyronene 0.11 
 

 10.94 Pseudolimonene 0.12 
 

 11.81 (+)-Rose oxide 0.21 
 

 12.38 Pseudoionone 0.11 
 

 13.58 Isopulegol acetate 15.25 
 

 14.00 Isopulegol 53.68 
 

 14.20 (−)-Isopulegol 1.21 
 

 14.38 4-Isopropyl-5-methylhexa-2,4-dien-1-ol 0.57 
 

 14.76 α-Terpineol 0.50 
 

 16.4 α-Citronellol 15.26 
 

 17.21 (S)-(-)-Citronellic acid, methyl esterr 0.10 
 

 17.96 Nona-2,3-dienoic acid, ethyl ester 0.12 
 

 19.75 Neomenthoglycol 1.24 
 

 19.93 Exo-2-hydroxycineole acetate 0.51 
 

 19.99 Citronellic acid 0.24 
 

 20.38 2,6-dimethyl-2,6-Octadiene, 1.67 
 

 20.51 trans-p-Menthane-3,8-diol 0.28 
 

 21.36 Geranyl acetate 0.31 
 

 21.82 cis-Jasmone 0.18 
 

 22.44 Caryophyllene 0.96 
 

 27.32 Spatulenol 0.09 
 

 27.47 Caryophyllene oxide 0.45 
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Table 2. Chemical composition of the essential oil extracted from Eucalyptus camaldulensis 
leaves using GC-MS.  

 

 Retention Time (min.) Compound Area(%) 
    

 6.90 α-Pinene 14.87 

 9.21 α-Phellandrene 0.54 

 10.05 Cosmene 0.51 

 10.41 Eucalyptol 55.36 

 11.26 γ-Terpinene 8.77 

 12.24 Terpinolene 1.01 

 12.94 Isovaleric acid, isopentyl ester 0.80 

 15.51 (−)-Terpinen-4-ol 5.23 

 15.77 p,α,α-Trimethylbenzyl alcohol 0.44 

 16.00 α-Terpineol 2.88 

 17.38 α-Citronellol 0.30 

 19.50 Carvacrol 0.35 

 24.48 Aromadendrene 0.52 

 25.17 (-)-Alloaromadendrene 0.16 

 27.89 Elemol 0.16 

 28.19 Ledol 0.26 

 28.94 Globulol 1.81 

 29.15 Ledol 0.48 

 30.03 β-Eudesmol 0.47 

 30.90 a-Eudesmol 0.15 
    

 
 

nematicidal activity of C. citriodora oil was 

more effective on viability of juveniles (LC50 

= 233.8 mg/l and LC95 = 920.7 mg/l) than on 

eggs of M. incognita (IC50 and IC95 = 412.6 
and 26588 mg/l). Consequently, our bioassay 
results were very similar to those obtained by 
Zia-Ul-Haq et al., (2010) and El-Sherbiny & 
Zein El-Din (2012). Moreover, the same result 
with E. camaldulensis oil was also found more  

effective on juveniles (LC50 = 324.2 mg/l and 

LC95 = 1664.3 mg/l) than on eggs of M.  

incognita (IC50 and IC95 = 615.3 and 
68695.1 mg/l, respectively). 

 

Conclusion 

 

Essential oils of C. citriodora and E. 
camaldulensis offer a promising and strong 
nematicidal activity towards M. incognita 
under laboratory (in vitro) conditions. They 
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may use as safe alternatives to the chemical 
nematicides in nematode management. It 
was well documented that the mode of 
action of synthetic nematicides against plant 
nematodes is due to disruption of the 
transport signal in the neurosystem by 
inhibition of acetylcholinesterase (AChE): 
an enzyme essential in the breakdown of 
acetylcholin, which is the transmitter 
substance for the signals to the muscular 
system. Consequently, the acetylcholin 
accumulates, which results in convulsion, 
paralysis and finally death of nematode 
(Opperman & Chang, 1990). Sadraei et al., 
(2003) found that essential oil of the  
medicinal plant Ferula assafoetida 
significantly inhibited AChE activity of 
experimental rats subjected to a study on its 
spasmolytic activity. Therefore, it is 
proposed, that mode of action of EOs of 
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Table 3. Nematicidal effect of two essential oils of Corymbia citriodora and Eucalyptus camaldulensis on egg hatchability (%) and the 
mortality (%) of second stage juveniles of Meloidogyne incognita under in vitro conditions.  

 

    Concentration at mg/l (C)         
 

                 
 

Oil (O) Control Blank 
125 250 500 1000 

Overall mean 
 

 
(Distilled water) (DMSO+Tween-80) (O) 

 

             
 

           
 

  Egg hatchability (%) 7 days after treatment         
 

C. citriodora 
  143.5 

b
 ± 2.08 125.25 

c
 ± 9.32 109.5 

d
 ± 7.33 72.5 

f
 ± 6.35 

147.50 
B

 
 

  
(33.34%)* (41.82%) (49.13%) (66.32%) 

 

 

219.0 
a
 ± 4.69 215.25 

a
 ± 6.24 

  
 

 148.0 b ± 2.94 137.50 b ± 2.08 123.0 c ± 9.06 86.0 c ± 3.37   
 

E. camaldulensis 
      

154.79 
A

 
 

  
(31.24%) (36.13%) (42.86%) (60.05%) 

 

     
 

Overall mean (C) 219.0 
A

 215.25 
A

 145.75 
B

 131.38 
C

 116.25 
D

 79.25 
E

   
 

        
 

  Mortality(%) of second stage juveniles (J2) 48 h after treatment      
 

C. citriodora 
0.74 

e
 ± 0.94 2.38 

e
 ± 0.51 

26.7 
e
 ± 3.50 48.6 

c
 ± 6.21 76.19 

b
 ± 1.70 100.00 

a
 ± 0.0 42.42 

A
 

 

 

22.3 
e
 ± 3.94 36.71 

d
 ± 2.23 52.00 

c
 ± 3.56 96.33 

a
 ± 2.23 35.10 

B
 

 

E. camaldulensis   
 

Overall mean (C) 0.74 
E
 2.38 

E
 24.5 

D
 43.04 

C
 64.1 

B
 98.16 

A
   

 

                 
   

Data are average of four replicates. Values (No. J2/ml ± SD & Percentages of J2 mortality ± SD) within a column/row superscripted by the same letter(s) are not significantly 

different at P= 0.05;* Inhibition (%) of egg hatching after using Abbott’s formula (Abbott, 1925), where distilled water and blank used as controls; LSD of (O) = 3.44, LSD  
of (C) = 5.95 and LSD of (O*C) = 10.67. (Percentages of J2 mortality ± SD) within a column/row superscripted by the same letter(s) are not significantly different at P= 0.05; 
LSD of (O) = 1.64, LSD of (C) = 2.84 and LSD of (O*C) = 24.01. 
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A B 

 
 
 
 
 
 
 

Fig. 1.(A-B). GC-MS chromatogram of chemical components presents in essential oil extracted from 
(A) Corymbia citriodora and (B) Eucalyptus camaldulensis leaves  
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Fig. 2 (A, B). A. Inhibition (%) of egg hatching after 7 days; B. Corrected mortality % of 

Meloidogyne incognita after 48 days exposed to different concentrations of 
Corymbia citriodora essential oil under in vitro conditions.  
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Fig. 3 (A, B). A. Inhibition (%) of egg hatching after 7 days; B. Corrected mortality % of Meloidogyne 

incognita after 48 days exposed to different concentrations of Eucalyptus 
camaldulensis essential oil under in vitro conditions. 
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 Table 4. Probit analysis of the nematicidal activity of essential oils extracted from leaves of Corymbia 
 

   citriodora and Eucalyptus camaldulensis on Meloidogyne incognita under laboratory 
 

   condition        
 

A   s.        
 

          
 

   Analyzed Value Fiducial limits*     
 

   Oil    Slope Chi-sq 
 

   conc. (mg/l) Lower upper     
 

         
 

   Inhibition (%) of egg hatching of Meloidogyne incognita      
 

           
 

   IC50 412.7 299.0 570.1 0.908 ±    
 

   C. citriodora    
3.671E-02 

1.018   
 

    
26625. 

     
 

   

IC95 
      

 

   2 4392.9 165406.5     
 

   IC50 615.9 399.0 954.3 0.804 ± 
1.543 

  
 

   E. camaldulensis    
3.673E-02 

  
 

          
 

   IC95 68587.3 5833.1 837954.3     
 

           
 

   Mortality (%) of J2 of Meloidogyne        
 

   incognita        
 

           
 

   
LC

50 235.9 208.1 267.3 2.789 ± 
8.275 

  
 

   C. citriodora       
 

       6.533E-02    
 

   
LC

95 916.9 720.3 1168.4     
 

   LC50 327.7 286.4 375.2     
 

   E.        
 

   camaldulensis    2.33 ± 0.050 19.98   
 

   LC95 1659.2 1198.2 2301.3     
  

Inhibitory concentration (IC), Lethal concentration (LC).  
* Probit analysis values. 

 

C. citriodora and E. camaldulensis against M. 
incognita in the current study may be due to the 
inhibition of AChE of nematode. Similarly, it 
was suggested that the components of EOs 
might involve in interrupting the nematode 
nervous system (Oka et al., 2000). Andrés et al., 
(2012) reviewed other modes of action of EOs 
towards nematodes. It is concluded that further 
trials have to be conducted for the study of the 
toxicity of these EOs and their major 
constituents against nematodes that could be 
used as alternatives to chemical nematicides in 
integrated nematode management. 
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