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ABSTRACT 
 

This study was conducted to evaluate the impact of two local entomopathogenic nematode 
species namely Heterorhabditis indica and Steinernema carpocapsae and two imported species,   
Heterorhabditis bacteriophora (HP88), and Steinernema riobrave on different stages of the desert 
locust, Schistocerca gregaria. Biochemical changes due to nematode infection were evaluated using 
only the 5th nymphal stage of the desert locust infected with H. bacteriophora (HP88). The efficacy of 
the tested four entomopathogenic nematode species on different stages of the desert locust were 
evaluated against 3rd, 5th, and adult males and females of the desert locust, Schistocerca gregaria, four 
nematode infective juveniles (IJs) concentrations, namely 500, 1000, 1500, and 2000 IJs of 
entomopathogenic nematode species. Our results have shown that the tested nematode species grew 
faster in the 3rd and 5th desert locust nymphs than in the adult male and female stages. The current 
study also revealed that the 3rd nymphs were more susceptible to the four tested nematode species 
when compared with the 5th nymphs. Meanwhile, adult females were more susceptible to the four 
tested nematodes when compared with adult males. Generally, we have recorded that the four tested 
nematodes were very effective against 3rd, 5th, male and female of the desert locust, while the 3rd and 
5th nymphs were more susceptible than adult males and females of the desert locust. Biochemical 
changes were evaluated in both healthy and Heterorhabditis bacteriophora (HP88) nematode infected 
5th nymphs of the desert locust. Total protein contents were measured in both healthy and infected 
nymphs with varied results. Enzymatic changes in the concentrations of alpha and beta esterases as 
well as acid and alkaline phosphatases were also evaluated. In this part, two nematode juvenile 
concentrations 1000 and 2000 IJs were used to infect the 5th nymphal stages of the desert locust. 
Levels of the enzyme alpha esterase has elevated with a percentage of 2.57%  using 1000 nematode 
IJs and incresed by 14.94% when 2000 nematode IJs were applied. While the beta estaerase has 
increased by 34.86% using 1000 nematode IJs and decreased dramaticaaly by 48.86% when 2000 of 
nematode IJs were applied. In contrast, acid  phosphatase has increased with 14.7% using 1000 
nematode IJs and decreased up to 22.1% whwn 2000 nematode IJs were used. Finally, levels of 
alkaline phosphatase has dropped by 65.6% and 46.1% when 1000 and 2000 nematode juveniles were 
tested respectively.      
 
Keywords: Biochemical changes, Desert locust, Entomopathogenic nematodes, Enzymes, 
Heterorhabditis bacteriophora (HP88), Heterorhabditis indica, Schistocerca gregaria (Forskal, 
1775), Steinernema carpocapsae, Steinernema riobrave.  

 
Introduction 

Locusts are well known economic insect pest, described as short-horned grasshoppers in the 
family Acrididae of the order Orthoptera. They differ from grasshoppers in their group behavior and 
phase transformation. An important feature of locusts is their ability to transform reversibly between 
the two extreme phases of solitary and gregarious which differ in morphology,   physiology   and   
behavior (Uvarov, 1966 & 1977).  
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Among locusts the species Schistocerca gregaria (Forskal, 1775), the desert locust, is 
considered the most serious cosmopolitan pest of agricultural crops and many other plants, being 
polyphagous in habits. Locusts occur mainly in warmer climates and the Desert Locust as his name 
indicates is a resident of the desert in area subject to periodical invasion by swarms of this species 
extends from India in the East to the Atlantic Coast of Africa in the West, and from the Caspian Sea in 
the North to Tanzania in East Africa in the South, covering some 29 million km2 or about 20% of the 
world’s land surface, affecting 57 countries (Steedman, 1990 and Meinzingen, 1993).  

Chemical control of the desert locust is directed towards the gregarious phase, while biological 
control aims at keeping the population down to the solitary phase, preventing population build up and 
swarm formation. This requires the exact determination of the breeding sites, continuous follow up of 
population upsurge and the prerequisite conditions favoring swarming, most of which is rains, so that 
controlling bodies could be able to predict locust plagues to carry on only chemical control operations 
at the right time. The most effective method for controlling locust outbreaks involves the use of 
synthetic chemical insecticides. The numerous of pesticides used for control during upsurges and 
plagues caused high environmental risk and affected nontarget organisms. The last desert locust 
upsurge that developed in West Africa in late 2003 and by mid-2005 affected 26 countries in Africa, 
the near East and reached Southern Europe. Nearly 20 million ha. of desert locust infestation were 
treated with chemical pesticides (Anonymous, 2006 and Elbanna et al. 2012).  

Due to environmental pollution and pest-resistance problems associated with chemical 
insecticides, now there is an increasing interest for the exploitation of biological control agents 
available as commercial products or those still under development consequently. The environmental 
pollution by chemical pesticides caused toxicity to non-target organisms including humans has led to 
novel strategies to develop environmental friendly alternatives to control locusts based on biopesticides 
(Tingle, 1996; Pretty, 2012 and Gabarty et al. 2013).  

Entomopathogenic nematodes are biocontrol agents to be used in Integrated Pest Management 
(IPM) systems. Entomopathogenic nematodes in the families Steinernematidae and Heterorhabditidae 
are soil inhabiting insect pathogens that possess potential as biocontrol agents (Gaugler,1988; Kaya, 
1985; Poinar, 1986; Gaugler and Kaya, 1990; Kaya and Gaugler, 1993). The third-stage infective 
juveniles (IJs) of these nematodes are mutualistically associated with the bacteria Xenorhabdus & 
Photorhabdus spp. (Kaya, 1993). Together, nematodes and their associated bacteria possess unusual 
virulence, killing insects within 24-48 hrs.  

The aim of the present work was to investigate the susceptibility of selected life stages of the 
desert locust to different species of Entomopathogenic Nematodes (EPN). Total protein contents and 
the activities of the detoxification enzymes such as α-esterase, β-esterase, acid and alkaline 
phosphatases were also evaluated in both healthy and H. bacteriophora (HP88) nematode infected 5th 
nymphs. This work is a preliminary work to investigate the desert locust biocontrol with EPN and an 
attempt to improve the application of EPN in the integrated management programs of the desert 
locust.  
 
Materials and methods: 
 
The current investigation was carried out during the period of December, 2015 to May, 2017.  
 
1. Rearing of the adult desert locust Schistocera gregaria (Forskal 1775): 
 

Recently laid egg-pods, containing sufficient number of locust eggs, were obtained from a 
previous culture of the desert locust maintained in the laboratories of the Applied Center for 
Entomonematodes (ACE), Department of Zoology and Agricultural Nematology, Faculty of 
Agriculture, Cairo University. A collection of egg-pods of the same species, S. gregaria (Forskal, 
1775) laid by fertile females in plastic cups with moist soil was also received from the Port Sudan, 
Sudan. The plastic cups containing the egg-pods were covered by muslin cloth, and sealed with rubber 
bands and placed in rearing cages kept in the insect room of the Environmental Chemistry and Natural 
Resources Center Department of Economic Entomology and Pesticides, Faculty of Agriculture, Cairo 
University. Cages were constructed of wire-mesh from the three sides; the fourth side was made from 
poly-wood with an opening to facilitate insect handling, their feeding, cleaning, and removal of plastic 
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cups containing egg-pods. Bottom side of each cage was made of poly-wood.  In the egg-laying cage, 
bottom side surface contained holes to fix plastic cups covered with a sand layer of 20 cm. depth and 
10-15% humidity to attract egg laying females. An electric bulb (150-watt) adjusted with a timer to a 
photoperiod of 12:12 (L:D) hours was placed in each cage in order to maintain an ambient 
temperature of 32±2 º C. The plastic cups with egg pods, when removed were tightly covered with 
muslin cloth to prevent the escape of 1st nymphal stages. The insect kept in cages for rearing were fed 
on fresh clover and lettuce leaves in the winter, as well as fresh lettuce leaves, wheat bran and the 
leguminous plant Sesbania aegyptiaca in the summer. Cages for adult rearing and egg-laying 
measured (60×60×50 cm) and (60×60×40 cm) respectively. Those used for following hoppers molting 
measured (45× 45×65 cm). 

 
2. Rearing of the hoppers. 
 

They were reared from egg pod stocks from the local culture and also from the egg culture 
brought from Port Sudan, Sudan as indicated above. Recent hatchings of nymphs from these stocks 
were introduced into rearing cages measured (454565 cm) with six sides, all of them covered with 
cotton cloth to facilitate aeration. 

 
3. Rearing of the greater wax moth, Galleria mellonella (L) as the nematode host. 
 

Larvae of G. mellonella obtained from bee hives were transferred to transparent plastic 
rearing jars (17x17x27 cm), containing 250 g of old wax combs pieces that were kept in 1 kg-glass 
jars covered with a lid of muslin for aeration internally supported with a disc of metal wire-mesh and 
incubated at 28±2 C0 with a photoperiod 8:16 (L:D) hours and relative humidity of 65±5% in the 
insect rearing laboratory. The healthy emerging moths were then regularly taken and kept in similar 
jars provided with strips of corrugated paper for oviposition sites of adult females. The egg-carrying 
paper strips were removed daily and transferred to jars containing old bee wax as a source of food. 
Jars were held at 28±2°C for both egg incubation and larval development. The wax was renewed 
when consumed. Presences of pollen grains naturally exist in some cells of bee combs are necessary 
to feed the wax moth larvae. Larvae completed their growth in about one month. Mature larvae 
climbed up the jar's inner wall and weaved their silky cocoons. Then, they were collected gently by 
hand, divided into groups, held in plastic boxes, covered with perforated lids and stored in the 
refrigerator at 10°C until required (Atwa, 1999). 

 
4. Handling entomopathogenic nematodes. 
 
4.a. In-vivo mass rearing of the tested nematodes. 

 Native and exotic species of entomopathogenic nematodes (EPN) were used. These species 
and/or strains belong to both genera of Steinernema and Heterorhabditis. A modified technique of 
Dutky et al. (1964) followed by a modified White trap (White, 1927) was adapted in the mass rearing 
of these nematodes. Last instar larvae of the greater wax moth G. mellonella and the 5th nymphal 
stages of the desert locust, S. gregaria were used as host insects in the in-vivo mass rearing of the 
tested nematode isolates. Every twenty wax moth larvae were placed on a filter paper disc in a 10 cm 
Petri dish, and about 20.000 IJs/20 ml of distilled water were just enough to wet the filter paper. The 
dish was covered and the insects usually die within 24-48 hours post infection. Ten cadavers were 
placed on an inverted 100x15 mm Petri dish covered by a 125 mm disc of "Whatman" filter paper and 
placed in an inverted position inside a 150x25 mm Petri dish (extraction dish). The rim of the filter 
paper was in contact with 25 ml of a 0.1% formalin in water solution (Gray and Johnson, 1983). 
Cadavers were held on the White trap for one week to enable the infective juveniles to migrate into 
the water/formalin solution. Trapping dishes were replicated for each of the four nematode species. 
Nematodes were collected daily for five days. This technique allowed to obtain enough and fresh 
quantities of nematodes suspended in sterile distilled water to be used in the current laboratory 
experiments. 

To culture entomopathogenic nematodes on the desert locust, twenty 5th instar nymphs were 
placed in plastic jars of 30 cm in length filled up to 8 cm with sand soil. Twenty-five ml of    
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nematode suspension (1000 nematode IJs/ml.) were poured on the sand as a source of nematode 
infection. The jars were covered and left for 48 hours to collect locust cadavers and placed to the 
nematode extraction dishes. 

 
4. b. Nematode application 
 

Ten individuals of 3rd and 5th locust nymphal instars as well as adult males and females were 
placed in plastic jars (30 cm in length) filled up to 8 cm with dried sterilized sand. Distilled water was 
used to make different nematode concentrations. Hundred ml. of nematode suspension with different 
concentrations (ranged from 50-200 IJs/insect) of each nematode species were applied using a small 
hand sprayer (500 ml). Three replicates of 10 insects each were used in different nematode 
concentration. Nematode suspensions were sprayed on the sand in the jars bottom as a source of 
nematode infection. Tested insects were placed on the sand surface. The jars were covered with 
muslin and stored at 32 + 2oC. Five days post infection dead and alive locusts were counted and 
percent parasitism were calculated. The untreated (check) insects received 100 ml of distilled water 
only.  

  
4.c. Mortality observations and readings. 

Mortality were recorded daily for 5 days from the time of setting up the experiment and the 
insect was considered dead when failed to move after being turned upside down. Probit analysis was 
used for determining the LC50 and slope of concentration coefficient (r) (Finney, 1952). 

 
5. Statistical and probit analyses. 
 

Mortality data were recorded on a daily bases for 5 consecutive days. Control (check) 
experiments had 0% mortality. The averages were subjected to probit analysis by using Line Probit 
Analysis software (Ldp line) (version 2.8) to calculate LC50 and LC90 at 95% confidence level. Data 
were analyzed with SAS program (version 9.0) and mean separation were made by Duncen's Multiple 
Range Test at p>0.05 (Triola et al., 2017). 

 
6. Biochemical effect of Heterorhabditis bacteriophora (HP88) on 5th nymphal stages of the desert 
locust. 
 
a. Samples preparation.  

All the biochemical assays were conducted on 5th nymphal stages of the same size and age of 
the desert locust S. gregaria after 48 h. of treatment by H. bacteriophora. Ten individuals of the 5th 
nymphs instars were placed in plastic jars (30 cm in length) filled up to 8 cm with dried sterilized 
sand. Distilled water was used to make nematode concentrations. Two concentrations of 1000 and 
2000 IJs/per ml of H. bacteriophora (HP88) were applied in each replicate using a small hand sprayer 
(500 ml). Three replicates of 10 insects each were used for each concentration. Nematode suspensions 
were sprayed on the sand in the jars bottom as a source of nematode infection. Tested 5th nymphs 
instars were placed on the sand surface. The jars were covered with muslin and stored at 32+2oC. Two 
days post infection only alive either infected and/or healthy 5th nymphs were kept in the deep freezer 
at -20oC until they are needed for biochemical assays. 

 
b. Preparation of insects for analysis. 

Insects were prepared as described by Amin (1998). They were homogenized in distilled 
water (50mg/1ml.). Homogenates were centrifuged at 8000 r.p.m. for 15 min at 2oc in a refrigerated 
centrifuge. The deposits were discarded and the supernatants, which is referred as enzyme extract, can 
be stored at least for one week without appreciable loss of activity when stored at 5oc. 

 
c. Biochemical Studies. 

The biochemical changes represented by measuring enzymatic activities of the 5th healthy and 
H. bacteriophora (HP88) nematode infected nymphal stages of the desert 48 hours post treatment. 
Alpha esterases and beta esterases activity were measured according to the methods described by Van 



Middle East J. Agric. Res., 7(4): 1528-1544, 2018 
ISSN: 2077-4605 

1532 

Asperen (1962). The Acid phosphatase (ACP) and Alkaline phosphatase (AKP) activity were 
measured according to the methods described by Powell and Smith (1954).  

 
Results and Discussion 
 
1. Effect of   Entomopathogenic  Nematodes (EPN) on  the 3rd and  5th nymphal stages of   the desert 
Locust Schistocerca gregaria (Forskal, 1775) using soil treatment. 
 

Data in tables and figures (1-8) present mortality percentage of the 3rd and 5th  nymphs of the 
desert locust, Schistocerca gregaria when infected with the four tested species of the 
entomopathogenic nematodes at different concentrations. Significant differences between the tested 
nematode species and within each species between nematode concentrations were recorded. 
The same trend was observed and differences were significant between used nematode concentrations 
and the start time of mortality for both tested nymphal stages. Highly significant differences were also 
evident between the treatments and the control. 
 
Table 1: Mortality% among 3rd nymphs of the desert locust, Schistocerca gregaria infected with 

Heterorhabditis bacteriophora (HP88) through soil treatments. 
Conc. (# IJs/ml.) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 

500 0.0 (±0.0) 0.0 (±0.0) 56.7 (±3.3) 80.0 (±5.8) 100.0 (±0.0) 47.3d 

1000 0.0 (±0.0) 60.0 (±5.8) 73.3 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 66.7c 

1500 26.7 (±3.3) 80.0 (±0.0) 93.3 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 80.0b 

2000 46.7 (±3.3) 93.3 (±3.3) 96.7 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 87.3a 

Mean* 14.7e 46.7d 64.0c 76.0b 80.0a  

Two-Way ANOVA 

Concentrations (C) 18308.7*** 

Days (D) 10632.0*** 

C*D 1295.0*** 

CV% 8.2 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

 
Table 2: Mortality% among 5th nymphs of the desert locust, Schistocerca gregaria infected with 

Heterorhabditis bacteriophora (HP88) through soil treatment. 
Conc. (# IJs/ml.) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0d 

500 0.0 (±0.0) 0.0 (±0.0) 53.3 (±3.3) 66.7 (±3.3) 80.0(±0.0) 40.0c 

1000 0.0 (±0.0) 46.7 (±3.3) 63.3 (±3.3) 86.7 (±13.3) 100.0 (±0.0) 59.3b 

1500 0.0 (±0.0) 66.7 (±13.3) 83.3 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 70.0a 

2000 13.3 (±3.3) 76.7 (±6.7) 86.7 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 75.3a 

Mean* 2.7d 38.0c 57.3b 70.7a 76.0a  

Two-Way ANOVA 

Concentrations (C) 13962.0*** 

Days (D) 13958.7*** 

C*D 1160.3*** 

CV% 15.5 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 

Data between parentheses are standard errors of means. 

Data were arcsine square root transformed for analysis; non-transformed means are presented. 
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Table 3: Mortality% among 3rd nymphs of the desert locust, Schistocerca gregaria infected with 

Heterorhabditis indica through soil treatment. 

Conc. (# IJs/ml.) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 

500 0.0 (±0.0) 0.0 (±0.0) 56.7 (±3.3) 76.7 (±3.3) 80.0 (±0.0) 42.7d 

1000 0.0 (±0.0) 46.7(±3.3) 63.3 (±3.3) 83.3 (±8.8) 93.3 (±6.7) 57.3c 

1500 0.0 (±0.0) 76.7 (±3.3) 80.0 (±5.7) 100.0 (±0.0) 100.0 (±0.0) 71.3b 

2000 26.7 (±3.3) 86.7 (±3.3) 96.7 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 82.0a 

Mean* 5.3d 42.0c 59.3b 72.0a 74.0a  

Two-Way ANOVA 

Concentrations (C) 15316.7*** 

Days (D) 12136.7*** 

C*D 1199.2*** 

CV% 10.7 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

 
Table 4: Mortality% among 5th nymphs of the desert locust, Schistocerca gregaria infected with 

Heterorahbditis indica through soil treatment. 
Conc. (# IJs/ml.) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 

500 0.0 (±0.0) 0.0 (±0.0) 16.7 (±3.3) 60.0 (±5.7) 70.0 (±5.7) 29.3d 

1000 0.0 (±0.0) 0.0 (±0.0) 23.3 (±3.3) 76.7 (±3.3) 86.7 (±3.3) 37.3c 

1500 0.0 (±0.0) 53.3 (±3.3) 70.0 (±0.0) 86.7 (±3.3) 90.0 (±0.0) 60.0b 

2000 13.3 (±3.3) 70.0 (±5.7) 80.0 (±5.7) 93.3 (±6.7) 100.0 (±0.0) 71.3a 

Mean* 2.7e 24.7d 38.0c 63.3b 69.3a  

Two-Way ANOVA 

Concentrations (C) 11632.0*** 

Days (D) 11388.7*** 

C*D 1192.0*** 

CV% 14.0 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 
 

Table 5: Mortality% among 3rd nymphs of the desert locust, Schistocerca gregaria infected with Steinernema 
carpocapsae through soil treatment. 

Conc. (# IJs/ml.) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 

500 0.0 (±0.0) 0.0 (±0.0) 46.7 (±6.7) 63.3 (±3.3) 76.7 (±6.7) 37.3d 

1000 0.0 (±0.0) 36.7 (±3.3) 53.3 (±3.3) 76.7 (±3.3) 80.0 (±0.0) 49.3c 

1500 0.0 (±0.0) 63.3 (±3.3) 70.0 (±5.8) 80.0 (±5.8) 100.0 (±0.0) 62.7b 

2000 16.7 (±3.3) 76.7 (±3.3) 90.0 (±0.0) 93.3 (±3.3) 100.0 (±0.0) 75.3a 

Mean* 3.3e 35.3d 52.0c 62.7b 71.3a  

Two-Way ANOVA 

Concentrations (C) 12505.3*** 

Days (D) 10815.3*** 

C*D 982.8*** 

CV% 12.1 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 
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Table 6: Mortality% among 5th nymphs of the desert locust, Schistocerca gregaria infected with Steinernema 
carpocapsae through soil treatment. 

Conc. (# IJ/ml.) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 

500 0.0 (±0.0) 0.0 (±0.0) 13.3 (±3.3) 56.7 (±3.3) 63.3 (±3.3) 26.7d 

1000 0.0 (±0.0) 0.0 (±0.0) 16.7 (±3.3) 66.7 (±3.3) 76.7 (±3.3) 32.0c 

1500 0.0 (±0.0) 43.3 (±3.3) 63.3 (±3.3) 76.7 (±3.3) 86.7 (±3.3) 54.0b 

2000 0.0 (±0.0) 60.0 (±5.8) 70.0 (±5.8) 80.0 (±5.8) 96.7 (±3.3) 61.3a 

Mean* 0.0e 20.7d 32.7c 56.0b 64.7a  

Two-Way ANOVA 

Concentrations (C) 8841.3*** 

Days (D) 10338.0*** 

C*D 1063.8*** 

CV% 14.8 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

 
Table 7: Mortality% among 3rd nymphs of the desert locust, Schistocerca gregaria infected with Steinernema 

riobrave through soil treatment. 

Conc. (# IJs/ml.) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0e 

500 0.0 (±0.0) 0.0 (±0.0) 33.3 (±3.3) 56.7 (±3.3) 70.0 (±5.7) 32.0d 

1000 0.0 (±0.0) 26.7 (±3.3) 50.0 (±5.8) 63.3 (±3.3) 76.7 (±3.3) 43.3c 

1500 0.0 (±0.0) 56.7 (±3.3) 60.0 (±5.8) 73.3 (±3.3) 93.3 (±3.3) 56.7b 

2000 0.0 (±0.0) 66.7 (±3.3) 83.3 (±3.3) 90.0 (±0.0) 96.7 (±3.3) 67.3a 

Mean* 0.0e 30.0d 45.3c 56.7b 67.3a  

Two-Way ANOVA 

Concentrations (C) 10124.7*** 

Days (D) 10324.7*** 

C*D 948.0*** 

CV% 13.0 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

 
Table 8: Mortality% among 5th nymphs of the desert locust, Schistocerca gregaria infected with Steinernema 

riobrave through soil treatment. 
Conc. (# IJs/ml.) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0e 

500 0.0 (±0.0) 0.0 (±0.0) 23.3 (±3.3) 50.0 (±5.8) 66.7 (±6.7) 28.0d 

1000 0.0 (±0.0) 26.7 (±3.3) 40.0 (±5.8) 60.0 (±5.8) 76.7 (±3.3) 35.3c 

1500 0.0 (±0.0) 30.0 (±5.8) 53.3 (±13.3) 70.0 (±5.8) 83.3 (±3.3) 47.3b 

2000 0.0 (±0.0) 50.0 (±5.8) 60.0 (±5.8) 83.3 (±3.3) 90.0 (±0.0) 56.7a 

Mean* 0.0e 16.0d 35.3c 52.7b 63.0a  

Two-Way ANOVA 

Concentrations (C) 7064.7*** 

Days (D) 10084.7*** 

C*D 831.3*** 

CV% 23.1 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 

Data between parentheses are standard errors of means. 

Data were arcsine square root transformed for analysis; non-transformed means are presented. 
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Overall, 5 days post infection, Heterorhabditis bacteriophora (HP88) was the most potent species 
against all tested stages of the desert locust. Three days post infection, Heterorhabditis indica was the 
most potent tested nematode species against the 3rd nymphs with LC50 of 197.0 IJs. While 
Heterorhabditis bacteriophora (HP88) was the most potent tested nematode species against the 5th 
nymphs with LC50 of 403.0 LJs. In general, the 3rd nymphs were more susceptible to the four tested 
entomopathogenic nematodes when compared with the 5th nymphs and adult females and males of the 
desert locust. The LC50 values in H. bacteriopora, H. indica, S. carpocapsae and S. riobrave infecting 
the 3rd nymphs were 403.0, 197.0, 666.0, and 901.0 Infective juveniles (IJs) respectively. While the 
LC50 values in the 5th nymphs were higher with 495.0, 1187.0, 1388.0, and 1384.0 IJs, respectively 

2. Effect of  entomopathogenic nematodes on males and females of the desert Locust   Schistocerca 
gregaria  using soil treatment. 

The efficacy of the 4 tested entomopathogenic nematodes was presented in Tables (9-16) and 
figs.(9-16) that show insect mortality percents among infected adult stages (males and females) of the 
desert Locust S. gregaria. The results show highly significant differences (P < 0.001) between 
different concentrations of entomopathogenic nematodes and the exposure days of both adult stages 
(males and females) of the Desert Locust, S. gregaria. The mortality of males and females of the 
desert Locust S. gregaria started at 48 hours after exposure of entomopathogenic nematodes when 
low mortality percentage were revorded, but it increased gradually through time.  
 

Table 9: Mortality% among adult females of the desert locust, Schistocerca gregaria infected with 
Heterorhabditis bacteriophora (HP88) through soil treatment. 

Conc. IJs /ml. Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 
500 0.0 (±0.0) 0.0 (±0.0) 66.7 (±6.7) 80.0 (±0.0) 86.7(±13.3) 46.7d 
1000 0.0 (±0.0) 13.3 (±6.7) 76.7 (±3.3) 100 (±0.0) 100.0 (±0.0) 58.0c 
1500 0.0 (±0.0) 46.7 (±8.8) 86.7 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 66.7b 
2000 0.0 (±0.0) 66.7 (±8.8) 93.3 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 72.0a 

Mean* 0.0d 25.3c 64.7b 76.0a 77.3a  
Two-Way ANOVA 

Concentrations (C) 12480.0*** 
Days (D) 17766.7*** 
C*D 1446.7*** 
CV% 12.8 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

 
Table 10: Mortality% among adult males of the desert locust, Schistocerca gregaria infected with 

Heterorhabditis bacteriophora (HP88) through soil treatment.  

Conc. IJs/ml. Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 
500s 0.0 (±0.0) 0.0 (±0.0) 13.3 (±3.3) 20.0 (±5.8) 66.7(±8.8) 20.0d 
1000 0.0 (±0.0) 13.3 (±6.7) 23.3 (±3.3) 63.3 (±3.3) 76.7 (±3.3) 32.7c 
1500 0.0 (±0.0) 33.3 (±3.3) 63.3 (±3.3) 66.7 (±3.3) 80.0 (±5.8) 48.7b 
2000 0.0 (±0.0) 60.0 (±5.8) 73.3 (±6.7) 76.7 (±3.3) 86.7 (±3.3) 59.3a 

Mean* 0.0d 18.7d 34.7c 45.3b 62.0a  
Two-Way ANOVA 

Concentrations (C) 8224.7*** 
Time (T) 8574.7*** 
C*T 1045.5*** 
CV% 19.4 

*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 

Data were arcsine square root transformed for analysis; non-transformed means are presented. 
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When infective juveniles (IJs) of Heterorhabditis bacteriopora (HP88) were applied at the 
concentrations of 500, 1000, 1500, and 2000 IJs, mortality percents in female insects 5 days post 
infection were 86.7, 100, 100, and 100% respectively, meanwhile in the insect males mortality 
percents were 66.7, 76.7, 80, 86.7% respectively. In contrast, using the same nematode concentrations 
in female insects 5 days post infection, Heterorhabditis indica has caused 70, 86.7, 90, and 100% 
respectively. However, when the same nematode concentrations were applied to the insect adult males 
mortality percents were 56.7, 70, 76.7, and 83.3% respectively. 

When Steinernema carpocapsae were applied using the same four IJs concentrations of 500, 
1000, 1500, and 2000. Mortalities of the insect females 5 days post infection were 70, 76.7, 80, and 
90% respectively. In contrast, using the same nematode species and concentrations, mortalities after 5 
days of nematode infection in insect males were 50, 60, 66.7, and 76.7% respectively. As for the 
nematode species, Steinernema riobrave when applied using the same four IJs concentrations of 500, 
1000, 1500, and 2000. Mortalities of the insect females 5 days post infection were 56.7, 66.7, 73.3, 
and 86.7% respectively. In contrast, using the same nematode species and concentrations, mortalities 
of insect males 5 days post infection were 50, 60, 66.7, and 76.7% respectively.    

The LC50 values of H. bacteriopora (HP88) and H. indica, after 3 days were 296.0 IJs, and 
567.0 IJs respectively against adult females of the desert locust Schistocerca gregaria. In contrast, 
the LC50 values in adult males of the desert locust due to the infection with H. bacteriopora (HP88) 
and H. indica, after 3 days were 1309 and 1541.0 IJs respectively. In addition, the LC50 values in 
both Steinernema carpocapsae and Steinernema riobrave on the adult females were 783.0 and 1231.0 
IJs respectively. In contrast, the LC50 values in adult males were 1589.0 and 1418.0 IJs for the 2 
nematode species respectively.  

 

Table 11: Mortality% among adult females of the desert locust, Schistocerca gregaria infected with 
Heterorhabditis indica through soil treatment. 

Conc. IJs/ml. Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 
500 0.0 (±0.0) 0.0 (±0.0) 16.7 (±3.3) 60.0 (±5.8) 70.0(±5.8) 29.3d 

1000 0.0 (±0.0) 0.0 (±0.0) 23.3 (±3.3) 76.7 (±3.3) 86.7 (±3.3) 37.3c 
1500 0.0 (±0.0) 53.3 (±3.3) 70.0 (±0.0) 86.7 (±3.3) 90.0 (±0.0) 60.0b 
2000 13.3 (±3.3) 70.0 (±5.8) 80.0 (±5.8) 93.3 (±6.7) 100.0 (±0.0) 71.3a 

Mean* 2.7e 24.7d 38.0c 63.0b 69.3a  
Two-Way ANOVA 

Concentrations (C) 11632.0*** 
Time (T) 11388.7*** 
C*T 1192.0*** 
CV% 14.0 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

The current results have indicated that females of the desert locust, Schistocerca 
gregaria were more susceptible to the infection by entomopathogenic nematodes than males, they 
have also shown that the nematode species, Heterorhabditis bacteriopora (HP88) and 
Heterorhabditis indica were more effective than the Steinernema carpocapsae and Steinernema 
riobrave against both females and males of the desert locust Schistocerca gregaria. Susceptibility of 
desert locust females to infective nematode juveniles than males can be attributed to the behavior of 
the adult female insects in probing the soil with their ovipositors searching for the suitable places to 
lay their egg pods. This behavior will increase the possibility of exposing adult females to the 
nematode infective juveniles.  

The present results agree with Youssef (2014) who tested the nematode, Steinernema 
carpocapsae, against 3rd, 5th nymphs and adults of the desert locust, Schistocerca gregaria (Forskal) 
in the laboratory at nematode concentrations of 1250, 2500, and 5000 IJs/ml. by two different 
treatment methods; spray and soil application. The obtained results revealed that all the locust nymphs 
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and adults were susceptible to the nematode infection with high mortality rate records. The nematodes 
killed approximately 100% of the tested locust individuals within 3–5 days post-infection. The same 
author also found that nematodes were more effective than fungi in less time. In contrast, 
entomopathogenic nematodes were also found to be more effective when applied on the soil surface 
rather than in the spray treatment. Killing locust by nematodes was common at any concentration used 
and based on mortality percentages, tested nematodes had proven high potentials as biocontrol agents 
of the desert locust. The current results also agree with Shamseldean et al., 2013 who proved in Egypt 
that using different concentrations of  50. 100, 250, 500, 1000 IJs/ml. of two local heterorhabditid 
nematode isolates (EGB4 & EKB20) were effective against the acridid grasshopper, Heteracris 
littoralis with mortality rate up to 100% using lower nematode concentrations than the ones used in 
the current research work.  The current results also agree with Mahar et al., 2006  who tested 
Steinernema carpocapsae, Steinernema feltiae, Heterorhabditis indica, and Heterorhabditis 
bacteriophora were tested to control nymphs of the desert locust, Schistocerca gregaria, they have 
found that nematodes specially heterorhabditid ones are more effective in killing the desert locust 
nymphs.  

Both previous and current data should initiate a strong contemplation of entomopathogenic 
nematodes as successful biocontrol agents against the desert locust. The free moisture reliance of 
nematodes must not be a barrier for this purpose. Grasshopper control with terrestrial nematodes 
belong to Family Mermithidae is already attained in regions with relatively high humidity, such as the 
Kenyan coast and New South Wales in Australia (Odindo, 1991). The environmental and biotic 
factors which bound the wider field application of entomopathogenic nematodes (Prior and Streett, 
1997) may not be impossible. For example, Voss and Dreiser (1997) suggested that with improved 
methods for charting desert locust breeding areas researchers will be allowed to concentrate their near 
future control programs on suitably moist habitats. The desert locust is a very dangerous insect pest in 
case of the outbreaks and this phenomenon is related to previous rainfall and moist environment 
resulting in positive conditions not only for locust breeding and crops flourishing but also for 
nematode survival and activity (Abraham et al., 1991; Barrass, 1974). Additionally, modified 
nematode formulations like sodium alginate capsules and alfalfa wheat pellets (Capinera and Hibbard, 
1987) and/or the use of anhydrobiotic desiccated nematode infective juveniles (Wojcik and Georgis, 
1988) may help to reduce the needed amounts of free moisture. Lower application rates could be 
reached by combining both biotechnical and biological control methods. For example, Parkman et al. 
(1993) have inoculated Steinernema scapterisci into female crickets by using nematode-equipped 
sound traps. Comparing the dose–response data from laboratory bioassays with other locust microbial 
control agents, nematodes seem to accomplish their mission efficiently. Even the potent fungal 
pathogens must be used in very high dosages (107 conidia/ml.) to achieve 100% mortality in Locusta 
migratoria within 8–10 days (Zimmermann,1993). The same is proved for microsporidia, as Nosema 
locustae, where dosages as high as 106 spores/ml. didn't  reach 100% mortality in the locust (Whitlock 
and Brown, 1991). In case of baculoviruses, which cause a locust deadly  disease called ‘‘dark 
cheeks’’, complete population killing after 1.5 months was achieved by oral application of leaves 
contaminated with no less than 5 x 106  polyhedral inclusion bodies per gram (Bensimon et al., 1987).  

To answer the question about why locusts’ immune reactions don't able to withstand 
nematode attack. The interactions between insect hosts, entomopathogenic nematodes, and nematode-
symbiotic bacteria has received substantial attention in the past research work (Akhurst and Dunphy, 
1993). Although the coexistence of nematode released bacteria and other factors with the capability to 
destroy the host immune proteins has been demonstrated (Gotz et al., 1981) there is a general 
agreement that symbiotic bacteria are most important for overcoming the insect immune defense 
(Kaya and Gaugler, 1993).  

The details of the interaction between invading microorganisms and the insect hemocytes, 
responsible for the immune defense, are not completely understood. However, Gupta (1979) has 
concluded that the cellular immune reactions may involve the Granulocytes, Plasmatocytes, and 
Oenocytoids. In addition, specifically Oenocytoids contain large amount of the phenoloxidase enzyme 
which play a major role in recognition the surface of foreign invading organisms. These results were 
supported  by Abd El-Aziz and Awad (2010, a & b), who reported that bacterial  infection in greasy 
cutworm, Agrotis ipsilon larvae has caused degenerative changes and lead to lyses of hemocytes and 



Middle East J. Agric. Res., 7(4): 1528-1544, 2018 
ISSN: 2077-4605 

1538 

showed significant decrease in the number oenocytoids and significant increase in the activation of 
phenoloxidase enzyme.  

 
Table 12: Mortality% among adult males of the desert locust, Schistocerca gregaria infected with 

Heterorhabditis indica by soil treatment. 
Conc. IJs/ml. Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 
Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 

500 0.0 (±0.0) 0.0 (±0.0) 10.0 (±0.0) 13.3 (±3.3) 56.7(±3.3) 16.0d 
1000 0.0 (±0.0) 13.3 (±6.7) 20.0 (±0.0) 53.3 (±3.3) 70.0 (±5.8) 31.3c 
1500 0.0 (±0.0) 16.7 (±3.3) 50.0 (±5.8) 63.3 (±6.7) 76.7 (±3.3) 41.3b 
2000 0.0 (±0.0) 56.7 (±3.3) 66.7 (±3.3) 73.3 (±6.7) 83.3 (±3.3) 56.0a 

Mean* 0.0e 17.3d 29.3c 40.7b 57.3a  
Two-Way ANOVA 

Concentrations (C) 7112.0*** 
Time (T) 7185.3*** 
C*T 837.0*** 
CV% 20.3 

*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

Table 13: Mortality% among adult females of the desert locust, Schistocerca gregaria infected with 
Steinernema carpocapsae through soil treatment. 

Conc. IJs/ml. Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 
500 0.0 (±0.0) 0.0 (±0.0) 36.7 (±3.3) 56.7 (±3.3) 70.0(±5.8) 32.7d 

1000 0.0 (±0.0) 0.0 (±0.0) 56.7 (±3.3) 66.7 (±8.8) 76.7 (±3.3) 40.0c 
1500 0.0 (±0.0) 33.3 (±3.3) 70.0 (±5.8) 76.7 (±3.3) 80.0 (±0.0) 52.0b 
2000 0.0 (±0.0) 50.0 (±11.5) 76.7 (±8.8) 86.7 (±6.7) 90.0 (±5.8) 60.0a 

Mean* 0.0e 16.7d 48.0c 57.3b 63.3a  
Two-Way ANOVA 

Concentrations (C) 8182.0*** 
Times (T) 11288.7*** 
C*T 929.5*** 
CV% 21.6 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

Table 14: Mortality% among adult males of the desert locust, Schistocerca gregaria infected with Steinernema 
carpocapsae through soil treatment. 

Conc. IJs/ml. Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 
500 0.0 (±0.0) 0.0 (±0.0) 13.3 (±3.3) 16.7 (±3.3) 50.0(±5.8) 16.0d 
1000 0.0 (±0.0) 0.0 (±0.0) 36.7 (±3.3) 46.7 (±8.8) 60.0 (±5.8) 28.7c 
1500 0.0 (±0.0) 10.0 (±5.8) 56.7 (±3.3) 56.7 (±3.3) 66.7 (±6.7) 38.0b 
2000 0.0 (±0.0) 30.0 (±5.8) 60.0 (±5.8) 66.7 (±6.7) 76.7 (±6.) 46.7a 

Mean* 0.0d 8.0c 33.3b 37.3b 50.7a  
Two-Way ANOVA 

Concentrations (C) 5078.0*** 
Time (T) 6714.7*** 
C*T 640.5*** 
CV% 24.5 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 
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Table 15: Mortality% among adult females of the desert locust, Schistocerca gregaria infected with 
Steinernema  riobrave through soil treatment. 

Conc. IJs /ml. Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0e 
500 0.0 (±0.0) 0.0 (±0.0) 20.0 (±11.5) 50.0 (±5.8) 56.7 (±8.8) 25.3d 
1000 0.0 (±0.0) 0.0 (±0.0) 40.0 (±5.8) 60.0 (±5.8) 66.7 (±8.8) 33.3c 
1500 0.0 (±0.0) 26.7 (±3.3) 56.7 (±6.7) 70.0 (±5.8) 73.3 (±3.3) 45.3b 
2000 0.0 (±0.0) 43.3 (±3.3) 70.0 (±5.8) 83.3 (±3.3) 86.7 (±6.7) 56.7a 

Mean* 0.0d 14.0c 37.3b 52.7a 56.7a  
Two-Way ANOVA 

Concentrations (C) 6961.3*** 
Days (D) 9044.7*** 
C*D 756.3*** 
CV% 26.9 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

Table 16: Mortality% among adult males of the desert locust, Schistocerca gregaria infected with Steinernema 
riobrave through soil treatment. 

Conc. IJs/ml. Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0e 
500 0.0 (±0.0) 0.0 (±0.0) 13.3 (±3.3) 16.7 (±3.3) 50.0 (±5.8) 16.0d 

1000 0.0 (±0.0) 0.0 (±0.0) 36.7 (±3.3) 46.7 (±3.3) 60.0 (±5.8) 28.7c 
1500 0.0 (±0.0) 10.0 (±5.8) 56.7 (±3.3) 56.7 (±3.3) 66.7 (±6.7) 38.0b 
2000 0.0 (±0.0) 30.0 (±5.8) 60.0 (±5.8) 66.7 (±3.3) 76.7 (±6.7) 46.7a 

Mean* 0.0d 8.0c 33.3b 37.3b 50.7a  
Two-Way ANOVA 

Concentrations (C) 5078.0*** 
Days (D) 6714.7*** 
C*D 640.5*** 
CV% 24.5 
*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented.  

Results in table and fig.17 show that, the LC50 values in the desert locust nymphs infected 
with Heterorhabditis indica and Heterorhabditis bacteriophora (HP88) were more effective against 
both 3rd and 5th nymphs respectively with lower LC50 values. When compared with Steinernema 
carpocapsae and Steinernema riobrave. From the current results, we conclude that all tested 
nematodes were significantly potent against the desert locust Schistocerca gregaria nymphs, and thus 
it can be used as potential eco-friendly biological control agents against the desert locust. 
 

Table 17: Probit analysis parameter response of the desert locust, Schistocerca gregaria nymphs infected with 

the 4 tested entomopathogenic nematodes.   

Entomopathogenic nematodes Nymph stage*&** Slope ±SE LC50 (IJs./ml.) 

Heterorhabditis bacteriophora 
N3 1.8(±0.6) 403 

N5 1.8(±0.5) 495 

Heterorhabditis indica 
N3 2.1(±0.6) 197 

N5 3.3(±0.6) 1187 

Steinernema carpocapsae 
N3 1.3(±0.5) 666 

N5 3.1(±0.6) 1388 

Steinernema riobrave 
N3 2.0(±0.5) 901 

N5 1.7(±0.5) 1384 
*N3 = 3rd nymphs.     **N5 = 5th nymphs.  

The LC50 values and slope response of desert locust Schistocerca gregaria adult were 
presented in Table(18). Entomopathogenic nematodes showing variable activity against both adult stage 
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female and male. Heterorhabditis bacteriophora recorded lower The LC50 values and then followed by 
Heterorhabditis indica, Steinernema carpocapsae and Steinernema riobrave, whereas higher LC50 
values were recorded in Steinernema riobrave, Steinernema carpocapsae. These result indicated that 
entomopathogenic nematodes can play important role in desert locust Schistocerca gregaria adult 
control programs.   
 
Table 18: Probit analysis parameter response of the desert locust, Schistocerca gregaria adult stages infected with 

4 entomopathogenic  nematode species. 
Tested entomopathogenic nematode      Tested adult stage* Slope (±SE) LC50 (IJs/ml.) 

Heterorhabditis bacteriophora (HP88) F 1.6(±0.6) 296 

M 3.2(±0.6) 1309 

Heterorhabditis  indica 
F 2.0(±0.6) 567 
M 3.0(±0.6) 1541 

Steinernema carpocapsae 
F 1.8(±0.5) 783 

M 2.7(±0.6) 1589 

Steinernema riobrave 
F 2.3(±0.6) 1231 

M 2.3(±0.6) 1418 
*F = Females    *M = Males  
 
5. Biochemical abnormalities produced by Heterorhabditis bacteriophora (HP88) on the 5th 

nymphs of the desert locust, Schistocerca gregaria. 

The most potent nematode species of Heterorhabditis bacteriophora (HP88) was selected to 
document biochemical abnormalities if exist. 

 
A. Total Proteins and Acetylcholinesterase (AChE) activity. 

 
Data illustrated in table 19 and figs. 19 and 20 demonstrate the effect of H. bacteriophora 

(HP88) on the levels of total proteins and AChE activity in the nematode infected desert locust 
nymphs when compared with the control. Levels of the total proteins have increased in the 5th nymphs  
of the desert locust infected with nematode infective juvenile concentrations of 1000 and 2000 
Infective Juveniles (IJs) after 48 hrs post nematode treatment as compared to the non-treated (control) 
nymphs. But no significant differences were recorded between infected and non-infected individuals. 
The highest increase in the protein activity at 1000 nematode IJs concentration (7.99%), but when 
2000 IJs were used only 3.55% increase of the total protein was detected as compared with the 
control. While the AChE activity has increased with 3.14% when 1000 IJs concentration was used in 
comparison with the control, but when 2000 nematode IJs concentration was used, the AChE activity 
has dropped by 13.40% when compared to the AChE activity in the desert locust 5th nymphs non-
treated with nematodes (Check/control). 

Table 19: Effect of the Heterorhabditis bacteriophora (HP88) on total proteins and AChE activity in the 5th nymphs of 
the desert locust, Schistocerca gregaria. 

Concentrations 
(IJs/ml.)  

Total proteins* AChE activity*  

Mean±SE** Change%*** Mean±SE** Change%*** 

1000Ijs 36.50 (±1.3)a +7.99 220.0(±7.0) a +3.14 
2000Ijs 35.00 (±0.6)a +3.55 184.7(±4.8) b -13.40 
Control 33.80 (±1.0)a ------ 213.3(±4.4) a -------- 

LSD 3.50 ------ 19.1 -------- 
*Data is expressed as means ± SE (n= 10). (+) = Increase and (-) = Decrease. 
**Means followed by different letters are significantly different at P< 0.05 (LSD Test). 
***Change% is calculated according to equation (Concentration-control)/control× 100 

 
B. Alpha (Α) & Beta (Β)-esterases. 
 

Data obtained in table 20 and figs. 21 and 22 show the effect of H. bacteriophora (HP88) on 
the levels of α-and β-esterases in the nematode infected desert locust 5th nymphs when compared with 
the control. When 1000 of nematode infective juveniles (IJs) were applied, the α-esterase activity has 
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increased by 2.57%, while the  activity of the β-esterase has decreased by 34.83%. When 2000 of 
nematode infective juveniles (IJs) were applied, the α-esterase activity has increased by 14.94%, 
while the  activity of the β-esterase activity has surprisingly dropped by 48.88%. All elevations and 
drops in the activity of these enzymes were compared by their activities in the non-infected insects 
(the control).    

Table 20: Effect of the Heterorhabditis bacteriophora on the α- and β-esterases activity in the 5th nymphs of the 
desert locust, Schistocerca gregaria. 

Concentrations 
(IJs/ml.) 

α-esterases activity* β-esterase activity* 
Mean±SE** Change%*** Mean±SE** Change%*** 

1000  1874.0(±37.5)a +2.57 720.3(±17.7)b -34.83 
2000 2100.7 (±4.8)b +14.98 565.0(±14.9)c -48.88 

Control 1827.0(±41.1)a ------ 1105.3(±24.7)a -------- 
LSD 170.9 ------ 67.6 -------- 

*Data is expressed as means ± SE (n= 10). (+) = Increase and (-) = Decrease. 
**Means followed by different letters are significantly different at P< 0.05 (LSD Test). 
***Change% is calculated according to equation (Concentration-control)/control× 100. 

 
C. Acid phosphatase (AcP) and alkaline phosphatase (AkP) activities. 

 
Results obtained in table 21 and figs. 23 and 24 show the effect of H. bacteriophora (HP88) 

on the levels of the enzymes acid phosphatase (AcP) and alkaline phosphatase (AkP) 
activities in the nematode infected desert locust 5th nymphs when compared with the control. When 
1000 of nematode infective juveniles (IJs) were applied, the acid phosphatase (AcP) activity has 

increased by 14.7%, while the  activity of the alkaline phosphatase (AkP) has dramatically dropped 
by 65.6%. Meanwhile, when 2000 of nematode infective juveniles (IJs) were applied, the acid 
phosphatase (AcP) activity has decreased by 22.1%, while the  activity of the alkaline phosphatase 
(AkP) activity has severely dropped by 46.1%.  

 
Table 21: Effect of the Heterorhabditis bacteriophora on the AcP and AkP activity in the 5th nymphs of the 

desert locust Schistocerca gregaria. 
Conc.  AcP activity* AkP activity* 
IJs/ ml Mean±SE** Change%*** Mean ±SE** Change%*** 

1000Ijs 15.3(±1.4)a +14.7 11.7 (±1.2)b -65.6 
2000Ijs 10.6 (±0.7)b -22.1 18.0 (±1.5)c -46.1 
Control 13.6(±0.2)ab ------ 34.0(±2.1)a -------- 

LSD 3.1 ------ 5.7 -------- 
*Data is expressed as means ± SE (n= 10). (+) = Increase and (-) = Decrease. 
**Means followed by different letters are significantly different at P< 0.05 (LSD Range Test). 
***Change% is calculated according to equation (Concentration-control)/control× 100 

 
Symbiotic bacteria associated with entomopathogenic nematodes are responsible for insect 

host death were studied along with the influence of bacterial surface characteristics and/or compounds 
reported to destroy insect immune proteins was mentioned in several articles before (Dunphy and 
Webster, 1991; Jarosz and Boemare, 1998; Simoes and Rosa, 1998). Limited information are 
available about the virulence mechanisms of the nematode-associated bacteria. A number of 
proteases, lecithinases, lipases, or antibiotics originating from the bacteria were suspected to be 
responsible for successful infections, but deficient mutants lacking all these compounds are as 
pathogenic as the wild types (Dowds, 1998). Moreover, bacterial lipopolysaccharides (LPS) have 
been shown to possess hemocyte toxicity and are suspected to be responsible for hemocyte demise 
occurring also in lepidopteran insects after infection with nematode-associated bacteria (Dunphy and 
Thurston, 1990). Further studies are needed to find out which bacteria released compounds are 
responsible for impairing immune responses associated with high pathogenicity of entomopathogenic 
nematodes against the desert locust. 

Research work carried out by Shairra and Awad 2011 have shown that activity of the α-
esterase increased significantly by increasing the post infection time. In contrast, the activity of β-
esterase increased significantly only after 3 hours post infection, but decreased significantly by 
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increasing the post infection time. Our results on the activities of both enzymes agree with the results 
of  Shairra and Awad 2011 although our results were recorded 48 hours post infection only with 
entomopathogenic nematodes while Shairra and Awad 2011 used both entomopathogenic nematodes 
and garlic essential oil at lower concentrations and recorded the activities of enzymes earlier than the 
present experiments.  

Futhermore, The 3 articles by Barakat et al. (2002); Dunphy and Webster (1988); and Shairra 
et al. (2015) working on Schistocerca gregaria nymphs injected only with bacteria in the first article 
and with the nematode Heterorhabditis bacteriophora (HP88) together with its symbiotic bacteria 
Phasmarhabditis luminescens in the second and third research work. The 3  articles mentioned above 
have recorded the defense mechanism due to the infection with either the bacteria and/or the 
beneficial nematodes. Emphasizing the important role of these organisms to elicit the insect host 
immune reactions.  

Moreover, the biochemical reactions are involved in the detoxification processes against any 
chemical insecticide. Various studies on insets have proven that esterases play important roles in 
chemical insecticide detoxifications (Fahmy and Dahi, 2009). These mechanisms mostly involve 
either metabolic detoxification of the chemical insecticide before it reaches its target site, or the 
sensitivity changes of the target site so that it is no longer susceptible to insecticide inhibition. 

The most common metabolic mechanisms to resist chemical insecticides involve the  esterase 
enzymes. However, the general decrease in the activity of β-esterase specially with high nematode 
concentrations may indicate that activities of esterase is dropping with higher nematode 
concentrations since the enzyme inhibition was significantly higher than control.  

The current research work is a humble contribution to assist in understanding the pathological 
and biochemical  responses of insect pests to the application of a biological insecticide, that may face 
workers on biological control of the desert locust in the near future. 
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