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Abstract: Soil samples were collected from olive orchards at Aljouf region, Saudi Arabia to isolate and identify Entomopathogenic 

nematodes. EPNs extracted by greater wax moth, Galleria melonella L. larvae baiting technique. In two samples Heterorhabditis spp. 

(Ord. Rhabditida: Fam. Heterorhabditidae) and in one sample Steinernema spp. (Ord. Rhabditida: Fam. Steinernematidae) were 

identified. The soil acidity in the samples ranged between 7.6 - 7.9 PH. The pathogenicity of these nematode isolates was tested on the 

olive scale, Parlatoria oleae Colvée, under laboratory conditions. The aim of this work was to determine if the tested nematodes could 

reach and kill the pest nymph inside the scale. Water suspensions of different nematodes were prepared and sprayed on the infested 

leaves and branches. Doses of 100, 200, 400, 800 and 1200 infective juveniles (Ijs) nematodes per/ml. were applied; leaf disks and 

branches were sprayed with 1ml (0.5ml/side) of different concentrations of a nematode suspension. Doses used showed a highly positive 

response. The nymphal mortality was more than that of the adults when Oleyl-polypeptide (wax remover) was added in the nematodes 

solution. Heterorhabditis spp. achieved the highest mortality (76%) at the dose of 1200 Ijs/ml. The mortality rates increased with the 

increase of nematodes concentration. 
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1. Introduction 

When The olive (Olea europaea L.) is a worldwide 

economically important horticultural crop, a species of a small 

tree in the family Oleaceae, native to the coastal areas of the 

eastern Mediterranean Basin as well as northern Iraq, and 

northern Iran the south end of the Caspian. Also, Aljouf region 

from more parts of the Kingdom Saudi  Arabia olives attention, 

where the number of olive trees around 123 Million tree and 

shopping area annual production of olive oil, inside some 

European countries and the Arab countries. Although the olive 

fruit fly, Bactrocera oleae (Gmelin), is considered to be the 

most important insect pest of olives worldwide (Daane & 

Johnson 2010). The scale insects are from the most serious 

pests which caused damage to olive trees, production and 

productivity throughout olive-growing (Miller et al.  2005; 

Mansour et al. 2011). Among scale insect pests, P. oleae 

belonging to the armed scale insects (Diaspididae), its body 

covered with thick and solid layer composed of the wax and 

molted skins. Damage caused by feeding nymphs and female 

on plant sap. 

The use of chemical pesticides for the control of insects scale is 

limited. The insect scale, P. oleae turned to a very serious pest 

causing great economic damage as a result of the excessive use 

of chemical pesticides, (Davoudi 1991; Rodrigo & Garcia-Mari 

1994; Kasim 1995). Used spray oils does not destroy the eggs 

of the insect, and the use of systemic pesticides does not work 

in the event of an interruption insect to absorb juices 

(Knoxfield 2000). So it was necessary to find new and effective 

ways to control insects without affecting the environment. 

Entomopathogenic nematodes (EPNs) are important biological 

control agents for a variety of economically important pests 

(Grewal et al. 2005). These nematodes, belonging to the 

families Steinernematidae and Heterorhabditidae, are obligate 

parasites that kill insects with the help of mutualistic bacteria 

that inhabit the intestine of the infective juveniles (IJs) (Poinar 

1990; Boemare 2002). They have been used with variable 

success against insects occupying different habitats. Most 

success has been achieved against soil dwelling pests or pests 

in cryptic habitats such as inside galleries in plants where IJs 

find higher protection from environmental factors (Begley 

1990; Klein 1990; Williams and Walters 1999; Tomalak et al. 

2005). Some success studies against family Homoptera or 

Heteroptera insects and different species of mealybugs to 

various strains and species of EPNs (Stuart et al. 1997; Abdel-

Rahman et al. 2008). 

The objectives of the present work were isolated of (EPNs) 

from agricultural soil planted with olive trees. Laboratory 

application of nematode isolates that might best serve as 

biological control agents against P. oleae was to determine if 

the tested nematodes could reach and kill the pest nymph inside 

the scale. 

 

2. Materials and Methods 
 

Isolation of nematodes 

Soil samples were collected from olive orchards at Aljouf 

region, Saudi Arabia to isolated and identify entomopathogenic 

nematodes (EPNs). Soil samples were taken by shovel from the 

root zone of olive tree a depth of 5-20 cm by 1.5 kg of soil and 

packaged in a plastic bag. The samples transported to the 
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laboratory in a cooling box. Each sample is divided into three 

replicates each of them inside the plastic box by half a kg of 

soil per pack,  3-5 larvae of wax worms added to each box with 

wetting of the soil moisture to become 6 soil : 1 water (w : w). 

The samples kept at a temperature of 25±2 ºC for a week. The 

samples examined to extract the dead larvae. Dead larvae 

transferred to White traps which is a large petri dish inside it a 

small petri dish cover inverted. Dead larvae are placed on the 

inside cover with a little distilled water. Notes to record 

infection  and nematodes migration after the completion of the 

life cycle and reproduction in these larvae. Definition of new 

isolate of nematodes to the level of genus based on the 

appearance of the injury. After confirming that each isolate 

belonging to the (EPNs) collected in plastic cans and recorded 

all the data for each isolate and kept in a temperature of 10°C 

and the infection repeated every month for each sample. 

Rearing of entomopathogenic nematodes (EPNs) 

Host rearing 

The greater wax moth, Galleria mellonella (L.) larvae were 

used for culturing EPN. They were reared on artificial diet at 

laboratory, under controlled conditions of 25-27°C and 65-70% 

RH. The larvae were originally obtained from bee hives and 

transferred to transparent plastic jars (approx.750 cc) 

containing sufficient amount of the diet, closed with a lid of 

muslin and provided with a tissue paper as a surface for egg 

laying. Tissue papers including eggs were gently removed and 

transferred to other rearing jar containing an amount of the diet, 

to provide food for the delicate hatched larvae. The jar was 

closed tightly with a double muslin layer to prevent the escape 

of larvae. After reaching the last larval instar, they were 

separated and stored for two weeks at 10-15°C until needed. 

Enough number of last instar larval was left in each jar as a 

source of a new colony. The diet consisted of: 400gm corn 

flour, 200gm wheat flour, 200gm milk powder, 100gm yeast 

powder, 200ml bee honey and 150ml glycerol. 

Production of infective juveniles  

The technique of (Dutky et al. 1964) using a modified White 

trap (White 1927) was adapted in the mass rearing of 

nematodes. The last instar larvae of the greater wax moth, G. 

mellonella, were used as host insect. Ten healthy larvae of G. 

mellonella were placed on a filter paper disc in a plastic box 

measuring 9cm diameter × 4.5 cm high. About 6000 infective 

juveniles (Ijs/ml) were pipetted into the filter paper in a 

quantity of water sufficient enough to keep the filter paper wet. 

The boxes were closed without being air tight and kept at 

25±1°C in an incubator. 

Two days after the exposure to nematodes, the host larvae died.  

Larvae killed by steinernematids changed to ochre, yellow-

brown or black; whereas those killed by heterorhabditids were 

characterized by a reddish colour (Poiner 1990).  Ten cadavers 

were placed on an inverted 55mm Petri-dish covered by 75 mm 

of transparent film tissue and placed in a plastic box 9 cm 

diameter × 4.5 cm high (extraction dish). The transparent film 

tissue was in contact with 10ml of 0.1% formalin solution 

(Gray & Johnson 1983). Cadavers were held on the trap for 

infective juveniles migrating into the formalin solution. Three 

trapping dishes were replicated for each nematode strain or 

isolate. Nematodes were collected daily for five days from the 

first emergence. This technique allowed to obtain enough fresh 

quantities of nematodes suspended in sterile distilled water 

Insect source 

Insect culture for laboratory experiments was obtained from 

olive orchards at Aljouf region, Saudi Arabia, which highly 

infested with P. oleae   

Wax remover  

A human wax remover named Oleyl-polypeptide was used to 

soften and dissolves the wax of the P. oleae. This wax remover 

was obtained from ear drops used for elimination of ear wax 

named Cermunex-N (Oleyl-polypeptide 9%) 

Laboratory evaluation of EPNs alone and mixed with 

Oleyl-polypeptide against adults and nymphs of P. oleae 

The virulence of Steinernema and Heterorhabditis isolates 

each alone and each mixed with Oleyl-polypeptide against 

adults and nymphs of P. oleae were tested using filter paper 

assay. Water suspensions of different nematodes were prepared 

and sprayed on the infested leaves and branches with ten adults 

and nymphs. Each was placed in a (9cm) Petri dish lined with a 

filter paper disc. Doses of 100, 200, 400, 800 and 1200 (Ijs) 

nematodes per/ml. were applied; leaf disks and branches were 

sprayed with 1ml (0.5 ml/side) of different concentrations of a 

nematode suspension. A handheld aerosol sprayer was used to 

apply the spray. Sprayed leaves were left for several minutes to 

avoid water condensation.  Each dish was replicated five times 

for each concentration and for each treatment. The Petri dishes 

were incubated at 25
°
C and RH. 65%. Control replicates 

received only water. Mortality was recorded five days after 

application. 

Reproductive potential 

Dead adults and nymphs of P. oleae were placed in White traps 

to assess whether nematode reproduction would occur. White 

traps maintained at 25
o
C and checked daily for the emergence 

of infective juvenile nematodes. The emerging juveniles from 

each insect were received in distilled water and stored at 10°C 

until counted. After all infected larvae have ceased producing 

nematode juveniles; the number of IJs of each population was 

counted. Three replicates were done and the numbers of IJs of 

each replicate was counted. 

 

 Statistical analysis        

Mortality data were subjected to probit analysis in order to 

determine the LC50 and slope (b) values (Finny 1977). The 

tested concentrations were compared for their efficiency to the 

P. oleae according to their LC50. The obtained data of 

reproductive potential were subject to analysis of variances 

(ANOVA) test through the “SPSS” Computer Program. The 

mean values were compared using Duncan’s Multiple Range 

test (Duncan 1965). 

 

3. Results and Discussion 
Isolation of nematodes 

EPNs extracted by greater wax moth, G. melonella L. larvae 

baiting technique from olive orchards were in one sample 

(Steinernema spp.  SAK1)  (Ord. Rhabditida: Fam. 

Steinernematidae) and in two samples (Heterorhabditis spp. 

SAK2 and SAK3) (Ord. Rhabditida: Fam. Heterorhabditidae) 

were identified due to morphological features (Fig. 1). 
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 (Fig. 1) Steinernema sp.  (SAK1) and Heterorahbditis sp. 

(SAK2 and SAK3)  

 

Laboratory evaluation of the efficiency of EPNs alone and 

mixed with Oleyl-polypeptide against adults and nymphs of 

P. oleae 

Data given in (Table 1) show the efficiency of (EPNs) 

(Steinernema sp. SAK1) against adult and immature stage of P. 

oleae with five concentrations after 5days of exposure in the 

laboratory. The lower concentration (100 Ijs/ml) showed 

mortality percentages 22 and 18%
 
within 5day for adults and  

nymphs, respectively, increased by the addition of the wax 

remover, Oleyl-polypeptide to the nematode solution till  

reached  50 and 56% at dose (400 Ijs/ml) for adults and  

nymphs,  respectively. As well, the highest concentration (1200 

js/ml) caused 52 and 50% mortality within 5days increased by 

the addition of the wax remover, Oleyl-polypeptide to the 

nematode solution and reached 62 and 64% mortality for adults 

and nymphs of P. oleae, respectively. Values of LC50 were 630 

and 1000 (Ijs/ml)   in case of use Steinernema sp. (Sak1) only; 

but when added Steinernema sp. (SAK1) and wax remover 

Values of LC50 were reduced to   501 and 398 (Ijs/ml) for 

adults and nymphs, respectively. 

On the other hand, data given in (Table 2) show the efficiency 

of (EPNs) (Heterorhabditis sp.  SAK2) against adult and 

immature stage of P. oleae with five concentrations after 5 days 

of exposure in the laboratory; where Values of LC50 were  398 

(Ijs/ml)   in case of use Heterorhabditis sp. only; but when 

added  wax remover,  Values of LC50 were reduced to 199 and 

100 (Ijs/ml) for adults and  nymphs, respectively.  

This finding coincides with the findings by (Abdel-Rahman & 

Mangoud 2010; Abdel-Rahman et al. 2012) studied the effect 

of Egyptian nematode, S. carpocapsae alone or with medical 

additive (Oleyl-polypeptide) comparing with Super Misrona oil 

on the grape mealybug, Planococcus ficus Signoret, in 

treatments with Egyptian nematode alone gave moderate 

percent reduction on the population of adult females and 

nymphs of P. ficus when comparing with Super Misrona oil, 

which gave also moderate or highly percent reduction after 1
st
, 

2
nd

 and 3
rd

 weeks before and after pruning. While mixing 

Egyptian nematode with Oleyl-polypeptide gave highly percent 

reduction on the population of adult females and nymphs of P. 

ficus. Super Misrona oil mixed with Oleyl-polypeptide gave 

highly percent reduction after the 1
st
, 2

nd
 and 3

rd
 weeks before 

and after pruning. 

 It can be concluded that mixing the EPNs with ear wax 

remover (Oleyl-polypeptide) increasing the effectiveness EPNs 

against the P. oleae and could be used in Integrated Pest 

Management Programs (IPM) on olive orchards at   Aljouf 

region, Saudi Arabia. 

Reproductive potential  

White traps established with P. oleae cadavers indicated that 

Steinernema sp. (SAK1) and Heterorhabditis sp. (SAK2) 

successfully reproduced in and emerged from P. oleae 

cadavers. Generally, the reproduction potential seems to be 

affected by the nematode dose. Data in (Table 3) showed that 

nematode recovery from dead P. oleae adults and nymphs were 

negatively affected by increasing the nematode dose. The 

lowest dose (100 Ijs/ml) recorded the highest number of the 

produced infective juveniles form adults and nymphs, (290 and 

80Ijs), respectively, followed by the dose 400 and 800 Ijs/ml 

which produced (247 and 222Ijs) and (57 and 36Ijs) for adults 

and nymphs, respectively. The highest infection dose (1200 

Ijs/ml) produced the lowest reproduction level (176 and 32 Ijs) 

for adults and nymphs, respectively.  

However the number of the infective juveniles that emerged 

into the water of the White traps in this study was low but this 

number was higher than that reported by (Stuart et al. 1997) 

which found that the infection dose 100Ijs/mealybug produced 

28Ijs and the dose 500Ijs/mealybug produced 2.8Ijs and this 

consider very low as comparing with our finding. In 1977, 

Stuart et al. suggested that this low production was due to that 

few nematodes were produced per mealybug due to the small 

host size especially the nymphs. Selvan et al. 1993 stated that 

at high densities of Ijs, rapid host utilization by both nematode 

and their symbiotic bacteria results in inadequate nutrition and 

reduce nematode fecundity. Also, the same author stated that 

the fitness of a parasite can be adversely affected by increasing 

population density within the host. 
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Table (1): Laboratory evaluation of isolated 

entomopathogenic nematodes (Steinernema sp. SAK1) 

against adult and immature stage of P. oleae 

Concentratio

n 

(Ijs/ml.) 

%Cumulative mean mortality  after 5days 

Steinernema sp. 

(SAK1) only 

Steinernema sp. (SAK1) + 

wax remover 

Adult Nymph Adult Nymph 

100 22 18 22 22 

200 24 24 32 38 

400 48 46 50 56 

800 
50 48 58 60 

1200 
52 50 62 64 

LC50 (Ijs/ml) 
630 1000 501 398 

Control mortality was zero % throughout the period of 

experiment.   

 

Table (2): Laboratory evaluation of isolated 

entomopathogenic nematodes (Heterorhabditis sp. SAK2) 

against adult and immature stage of P. oleae 

Concent

ration 

(Ijs/ml.) 

%Cumulative mean mortality after 5days 

Heterorhabditis sp. 

(SAK2) only 

Heterorhabditis sp. (SAK2) 

+wax remover 

Adult Nymph Adult Nymph 

100 22 22 36 40 

200 34 30 54 56 

400 62 58 66 70 

800 
66 64 74 76 

1200 
66 66 76 76 

LC50 

(Ijs/ml) 

398 398 199 100 

Control mortality was zero % throughout the period of 

experiment.  

 

Table (3): Emergence rate of infective juveniles (Ijs) of 

Heterorhabditis sp. nematodes from Adult and nymph in 

case of added wax remover at different inoculums levels 

 

Concentration 

(Ijs/ml.) 

Rate of reproduction 

Average in adult  Average in 

nymph 

100 290a 80a 

200 290a 80a 

400 247b 57ab 

800 222b 36b 

1200 176c 32b 

F value 16.420** 6.539** 

** Highly significant Means in a column followed with the 

same letter (s) are not significantly different at 1% level 

probability. 

 


