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ABSTRACT 

 
This study is an attempt to search for a fungal control agent for the desert locust, Schistocerca gregaria 

(Forskål), based on naturally associated fungi with such insect pest and originally isolated from it. A colony of 
S. gregaria was reared under laboratory conditions. The naturally infected nymphs, adults and eggs were 
collected and checked for entomopathogenic fungi. A total of 33 fungal species, belong to 12 genera were 
isolated. The highest total count of isolated fungi was  that from the 5th  instar nymphs (33.8 colony forming unit, 
CFU per nymph), and the lowest count was isolated from egg stage (7.39 CFU/egg). Among the fungal species, 
Penicillium stoloniferum showed the highest frequency of occurrence from the adult stage, Aspergillus 
ochraceus and Mucor circinelloides from the nymphal stage and, Fusarium lateritium from the egg stage. After 
preliminary tests, 14 fungal species were selected to determine their lethal against the 1st nymphal instar. Results 
showed that the Penicllium aurantiogriseum  spores, caused the rapid lethal effect, with LT50 of 5.4 days after 
infection.  
 
Key words: Entomopathogenic fungi, isolation, desert locust, Schistocerca gregaria, Penicillium  
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Introduction 

 
The desert locust, Schistocerca  gregaria (Forskål) (Orthoptera:  Acrididae) is among the major pests of 

many tropical and subtropical countries causing extensive damage to the foliar part of many plants particularly 
during years with locust outbreaks.  The current method for locust control is based on applying synthetic 
chemical insecticides. The extensive use of pesticides raised concern about the possible impact on the 
environment as well as on human health (Anonymous, 1990). Biological control is an environmentally friendly 
alternative for insect management (Greathead, 1992). Among these agents, entomopathogenic fungi had been 
reported to have great potential for locust and grasshopper control (Prior and Greathead, 1989; Lomer et al., 
2001 and El-Maghraby et al., 2009).                               

Although  the association of fungi and locust has been verified by several authors (Inglis et al., 1995; 
Lomer et al., 1999; Lange, 2005 and Gesraha, 2007)   and many experiments for locust control using 
entomopathogenic fungi were conducted, there is still few reports that deal with fungal pesticides based on 
naturally associated  and originally isolated from these insects. Therefore, the objective of this report is to isolate 
and identify the entomopathogenic fungi associated with the different stages of the desert locust, S. gregaria and 
to evaluate their laboratory potency against such insect pest.  
 
Materials and Methods 
 
Insect rearing: 

 
A colony of Schistocerca gregaria (Forskål) originally  obtained from Faculty of Science, Cairo University 

was maintained in the laboratory according to Hunter-Jones (1961). The newly hatched hoppers were kept in 
wooden cages (40×40×60 cm) with wire -gauze sides and a small door in the upper side to permit daily feeding 
and routine cleaning. The bottom was coated with 20 cm layer of sterilized sand. The cages were kept under 
controlled conditions of 30±2�C temp. and 70-80% R.H. Each cage was equipped internally with 60-w lamb to 
lighten the cage in daily regime of 8:16 (L: D). The  Egyptian clover, Trifolium alexandrinum was daily 
provided as fresh food supply in winter and leaves of leguminous plant, Sesbania aegyptiaca was provided in 
summer.  
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Fungal isolation:  
 

This was carried out by the adapted dilution plate method (Johnson et al., 1959). The non- healthy and 
morphologically deteriorated 1st, 2nd, 3rd, 4th, and 5th nymphal instars  were removed from the cages and surface 
sterilized in 5% sodium hypochlorite for 2 min and 75% ethanol solution for 1 min and rinsed in plenty of sterile 
distilled water. Each instar was put in a sterile Petri dish containing 1ml of 0.85% saline solution and was cut 
into parts using sterile cutter. The body of adult cadavers was divided each into four regions (head, thorax, 
wings and abdomen), sterilized and distributed in sterile Petri dishes. The eggs were also surface sterilized and 
distributed into sterile Petri dishes (5 eggs /dish). Twenty five ml of Sabouraud Dextrose Agar (SDA) medium 
(20 g glucose, 10 g peptone, 20 g agar/L provided with 1/30000 rosebengal and 30µg/ml streptomycin) was 
poured on each Petri dish and the plates were incubated at 28ºC for 10 days. The isolation process was repeated 
five times and the developed colonies were picked up, transferred to SDA plates and purified by using single 
spore technique. All fungal isolates were cultured on SDA medium and incubated at 30ºC for 7 days. Stock 
cultures (from each isolate) were stored on agar slants at 5ºC until further use. The fungal isolates were 
identified according to Raper and Thom (1968), Raper and Fennell (1977), Domsch et al. (1980 and Mostafa 
(2006). 
 
Inoculum preparation of fungal isolates: 

 
Before they were used in the experiments, the fungal isolates were grown and held on Czapek Yeast extract 

agar medium (Sucrose, 30; NaNO3, 3.0 ; KH2PO4 1.0; MgSO4 7H2O,  0.5;  KCl, 0.5 ; yeast extract,  5 and  agar-
agar, 20 g/l) and the medium was  supplemented by 30 µg /ml streptomycin. The cultures were carried out in 9 
cm Petri dishes and incubated for one week at 30ºC. These fungal inocula were used as fresh renewed 
isolates.      
 
Fungal bioassays:  

 
The conidia were collected by using small brush and suspended in sterile distilled water containing 1.0% 

Tween 80 (as wetting agent) (Hicks et al., 2001). The resulting conidial suspensions were first cleared from 
hyphal debris by filtration, using a suitable sterilized piece of clothes, and centrifugated for 5 min at 3000 rpm 
then washed twice with 0.05% Tween 80 or di-ionized distilled water with intervening centrifugation.  Resulting 
conidia were resuspended in cotton seed oil and the concentrations were determined using a haemocytometer 
(Prior et al., 1995). Due to the viscosity of the vegetable oil the haemocytometer slide needed to be set up and 
left for 1 h to allow the conidia to settle before counting. Conidial viability was examined prior to the 
experiments by placing three droplets of a known concentration of conidial per ml. suspension onto suitable agar 
plate followed by incubation for 48 h at 30ºC, after which, their germination was examined under a light 
microscope  by observing  > 90% growth. 
 
Test of fungal virulence: 

 
The virulence of each fungi isolates against the first nymphal instar was performed by testing a 

concentration of conidia suspensions in sterile water (2.3x105condia ml-1). Nymphs  were divided into four 
groups of 10 individual each  in a cage. Ten ml from conidial suspension of each fungus was sprayed on each 
nymphal group using hand atomizer.  A mist of distilled water was sprayed into each cage at the beginning of 
the experiment, and when needed in order to ensure a continuous and adequate moisture for conidia germination 
(Hicks et al., 2001). A group of control nymphs was treated with cotton seed oil only and maintained under the 
same conditions as treated ones. The infected and non- infected nymphs were daily cleaned, fed and observed 
for mortality. After preliminary tests, 14 fungal species were selected to determine their lethal effect through 
recording of daily mortality for 10 days and the lethal times that cause 25 and 50 % of mortality (LT25 and LT50) 
for each fungus was calculated.  Mortality due to fungi was confirmed by microscopic examination of hyphae 
and conidia on the surface of the dead insect.  
 
Statistical analysis:  

 
All experiments were replicated three times. Means and Standard Errors of nymphl mortality were 

calculated and compared by the One-way ANOVA. If ANOVA shows significant inequality of the means, they 
were exposed to pair-wise comparisons based on the Least Significant Difference (LSD) test. The LT25 and LT50 
were determined by simple regression. The SPSS software (Version 7 for windows, SPSS Inc., Chicago, IL) was 
used for statistical analysis. Whatever the probability level, it was restricted to 5%.  
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Results: 
 
Recovered   Fungi:  

 
A total of 33 fungal species belonging to 12 genera were identified from egg, nymph and adult stages of S. 

gregaria (Table1). Four genera including nine species were isolated from eggs. Only F. oxysporum was isolated 
in high frequency (13 confirmed isolates or more out of 25 isolation) while, A. ficuum, A. parasiticus, F. solani 
and P. lanosum were presented in moderate frequencies (7-12 isolates). The other four species A. fumigatus, F. 
lateritium, P. citrinum and Rhizoctoniac sp. occurred in low (4-6 isolates) or rare (less than 4 isolates) 
frequencies. 

Twenty one species belonging to 8 genera were isolated from nymphs. Two of these fungi; A. ochraceus 
and M. circinelloides, were isolated in high frequencies. A. tamarii, A. tubingensis, P. aurantiogrisum and P. 
lanosum were found in modertae frequencies and the other species were found in low or rare frequencies. 

From the adults, twelve species belonging to seven genera were isolated. Penicillium stoloniferum was the 
only species that was isolated in high frequency, while, A. oryzae and F. moniliforme were isolated in moderate 
frequencies and the other nine species were in low or rare frequencies. 
 
Total count of fungi:  
 

The data in Table (2) indicate that each egg is loaded with 7.39 CFU/egg and the highest load was that of F. 
oxysporum (5.00 CFU/egg) followed by A. fumigates (1.00 CFU/egg). The highest total count of fungi isolated 
from different instars of nymphs  was found on 5th instar followed by 4th, 2nd, 3rd, 1st  (33.80, 24.60, 17.00, 15.20, 
12.00 CFU/nymph, respectively). On the surface of the adult, the highest total count (27.20 CFU) was isolated 
from abdomen followed by thorax (12.40 CFU), head (11.20 CFU) and wing (10.00 CFU). The highest number 
of genera and species are on head (5 and 7, respectively) followed by wings (4 and7, respectively), thorax (4 and 
5, respectively) and abdomen (2 and 5, respectively).   

The total count of fungi isolated from nymphal stage averaged 20.52 CFU/nymph, with the M. cirinelloides 
van Tieghem was the most prevailing one with  an average of 10.64 CFU/nymph.  On the surface of adults, the 
total count of isolated fungi averaged 15.20 CFU/adult with A. tamarii  showed the highest count (average 6.20 
CFU/adult).  

The percentages of total count of fungal species isolated from  the different stages relative to the total count 
of all stages (Fig 1) indicate that nymphs had the highest load  (ca. 60% ) than eggs (ca. 4%) or adults (ca. 
36%). 
 
Fungal activity:   

 
During the 10 days of the experiment (Table 3), the highest  percentage of  mortality of nymphs (LSD, 

P�0.05) was caused by P. aurantiogriseum (mean = 96.00±3.30%), followed by A. ochraceus and A. 
parasiticus. The lowest percentage of mortality was caused by P. stoloniferum. The most rapid activity of fungal 
conidia was achieved by the fungus P. aurantiogriseum that caused 25% and 50% mortality of nymphs through 
3.50 and 5.40 days, respectively. The other tested fungi showed LT25 ranged from 1.30 to 11.35 days while LT50 
ranged from 5.40 to 32.10 days  
 
Discussion: 

 
The high fungal incidence observed in this study indicates that the entomopathogenic fungi are important 

associate of locust population in agreement with the other reports  HermandezCrespo and Santiago – Alvarez, 
1997 and  Balogun and Fagada, 2004).   

The prevalent species in this study were from Aspergillus and Penicillium genera (9 species each), followed 
by genus Fusarium (3 species), genus Cephaliophora (2 species) and Alternaria, Arthobotrys, Cladosporium, 
Metarhizium, Mortierella, Mucor and Rhizoctonia (1 species each). The prevalence of Aspergillus, Penicillium 
and Fusarium has previously been observed by Smit (1991) and Hermandez-Crespo and Santiago-Alvarez 
(1997). The other species were reported by Lomer and Lomer, (1996) in grasshopper.       

The frequencies of occurrence of fungal species varied in the different locust stages, however there is no 
relation between occurrence of fungal species and its virulence. This result is in agreement with that of  Lomer 
et al. (2001) who stated that the natural prevalence of fungal species in locusts and grasshoppers is not in 
relation with its pathogenic potency. Hochberg (1989) reported that Metarhizium species were the most common 
grasshopper pathogen found in West Africa, however its prevalence levels were generally low. 

In this study, the fungal species and their total counts varied among locust stages.  Although nine species of 
fungi were isolated from eggs, the total count was low if compared with that isolated from the mobile nymph 
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and adult stages. This may be due presence of a substance with microbial inhibitor compounds that cover the S. 
gregaria eggs. However, no available reports on the relation of fungal species to their count in locust stages. 

Fungal  virulence showed The lowest lethal times were those of P. aurantiogriseum (LT25= 3.50 and LT50= 
5.40 days) as compared with the other tested fungi. Such results may suggest that P. aurantiogriseum spores are 
lethal to S. gregaria and could cause significantly high and rapid mortality in the desert locust. However, no 
available results on the high and rapid activity of Penicilium spp. isolated from this pest; therefore, an assay for 
chitinase activity of the P. aurantiogriseum  was necessary to confirm its activity against locust. In a concurrent   
study, the fungus was found to secrete chitinase which has the ability to hydrolyze chitin. The fungus also 
secretes proteolytic enzymes but not lipolytic enzymes. Such positive results of chitinase and proteolytic 
enzymes may confirm the fungus ability to easily penetrate and invade locust body and it could be exploited as 
an effective biological tool for the control of the desert locust, S. gregaria. The lowest LT50 of 20 days for 
Mucor circinelliodes agrees with suggestion of Shah et al. (1994) and Hernandez - Crespo and Santiago-
Alvavez (1997) who stated that this fungus might not be a strict entomopathogen of S. gregaria rather than 
entomogenous fungus that can’t cause epizootics in grass hoppers population. Mucor spp. was previously 
isolated from insects (Lomer and Lomer, (1996) but its use for locust control might not be desirable due to it is 
pathogenisity to plants (Duggar,1989). 
 
Table 1: Fungal genera and species obtained from egg, nymph and adult stages of Schistocerca. gregaria 

  
Species  

     No. isolates out of 25* 
Egg Nymph Adult 

Alternaria alternata (Fries) Keissler -  1 1 
Arthobotrys oligospora Fresenius -  4 - 
Aspergillus ficuum (Recih) Hennings  8    3   - 
     “     flavus Link var columnaris var .nov. -  1 - 
     "         fumigates Fresinus  6 - - 
     “            niger van Tieghem - 1   - 
     “             ochraceus - 13 3 
     “            oryzae (Ahlb.) Cohn -  1    8 
      “          parasiticus Speare  8 - 3 
      “         tamarii Kita  - 7 6 
     “         tubingensis (Schober) Mosseray - 11 - 
Cephaliophora irregularis Thaxt - 1 - 
           “             tropica Thaxt - 1 - 
Cladosporium sphaerospermum Penz  - - 1 
Fusarium lateritium Nees  3 -  
       "          moniliforme Sheldon - - 9 
      "         oxysporum Schlecht 14 - - 
      “        sulphureum Schlecht - 2 - 
     "       solani (Mart.) Sacc.  8 - - 
Geotrichum candidum link ex leman - -  4 
Metarhizium anisopliae (Metshnikoff) Sorokin - -  1 
Mortierella parvispora Linnem -   1 - 
Mucor cirinelloides van Tieghem - 15 - 

 
Penicillium  aurantiogriseum Dierekx - 11 - 

           “      canscens Sopp - -  1 

          “     citrinum Thom  6  1 - 

          “     corylophilum Dierekx - -  1 
         “     frequentans Westling - 1 - 
         “      lanosum Westling  11  7 - 
        “      puberulum Bainier  -  5 - 

       “      stoloniferum Thom  -  6 16 

      “       waksmanii Zaleski -  1  - 

 Rhizoctonia sp  1 - - 

Number of genera  4  8   7 
Number of species 9  21 12 

* H = High occurrence isolated 13 or more out of 25 isolation,  
   M = Moderate occurrence (7-12 isolates)   
   L = Low occurrence (4-6 isolates)  

                         R = Rare occurrence less than 4 isolates  
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Table 2: Total count of fungal species (CFU: Colony Forming Unit)* associated with egg, nymph and adult stages of Schistocerca gregaria 
Adult Nymphal instar 

E
gg

 

 
 
 
Sspecies ab

do
m

en
 

w
in

g th
or

ax
 

he
ad

 

5th
 

4th
  

3rd
  

2nd
  

1st
  

- - 0.20 - - 0.60 - - - - A. alternata 
- - - - - 1.20 - - - - A. oligspora 
- - - - 1.20 - - - - 0.04 A. ficuum 
- - - - 4.40 - - - - - A. flavus 
- - - - - - - - - 1.00 A. fumigates 
- - - - - - - - 0.40 - A. niger 
0.20 - - 0.20 0.40 0.80 0.80 0.80 2.60 - A. ochraceus 
1.80 2.20 2.00 - 6.20 - - - - - A .oryzae 
5.20 0.40 - - - - - - - 0.75 A. parasiticus 
16.40 4.40 0.80 3.20 3.60 1.00 - - 1.40  A. tamari 
- - - - - 1.60 - 1.60 1.20 - A. tubingensis 
- - - - 0.20 - - - - - C. irregularis 
- - - - - 1.20 - - -  C. tropica 
- - - 0.20 - - - - - - C. sphaerospermum 
- - - - - - - - - 0.08 F. lateritium 
- 0.40 7.40 2.80  - - - - - F. moniliforme 
- - - - - - - - - 5.00 F. oxysporum 
- - - - - - - - - 0.08 F. solani 
- - - - 0.60 - - - - - F. sulphureum 
- 0.80 - - - - - - - - G. candidum 

 
- - - 1.00 - - - - - - M. anisopliae 
- - - - - - - - 0.20 - M. parvispora 
- - - - 14.40 12.80 10.00 10.60 5.40 - M. cirinelloides 

- - - - 2.40 0.40 - 1.60 0.20 - P.  aurantiogriseum 

- 0.40 - - - - -  - - P .caescens 

- - - - - - - 0.20 - 0.32 P. citrinum 

- - - 0.40 - - -  - - P. corylophilum 

- - - - - - 0.20  - - P. frequentans 

- - - - - 1.80 2.00 1.60 0.60 0.04 P. lanosum 

- - - - 0.40 0.80 0.60 - - - P. puberulum 

3.60 1.40 2.00 3.40 - 2.40 1.60 0.20 - - P. stoloniferum 
- - - - - - - 0.4 - - P. waksmanii 

- - - - - - - - - 0.08 Rhizoctonia sp 

27.20 10.00 12.40 11.20 33.80 24.60 15.20 17.00 12.00 7.39 Total count 

2 4 4 5 5 5 3 3 4 4 Number of genera 

5 7 5 7 11 11 6 8 8 9 Number of species 

 

 
 
Table 3: Lethal effects of different 14 fungal species on first nymphal instars of  the desert locust  Schistocerca gregaria 

                         
Fungal species 

Time (in day)  Mean of mortality % ± SE2,3 
LT25

1 LT50
1  

Aspergillus ochraceusa 3.65 11.60 60.0 ± 0.00a 
Aspergillus oryzaeb 4.20 11.95 56.6 ± 8.80b 
Aspergillus  parasiticusc 1.30 10.30 60.0 ± 0.00c 
Aspergillus   tamariid 6.20 - 46.6 ± 8.80d 
Aspergillus   tubingensise 11.05 - 30.0±0.00ace 
Beauveria bassianaf 10.06 - 30.0 ± 11.54acf 

Cladosporium  sphaerospermum g   4.60 - 46.6 ± 3.30g 
Metarhizum  anisopliaeh 11.35 20.08 16.6±3.30abcdgh 
Mucor cirinelloidesi 13.90 26.30 16.6 ± 3.30abcdgi 
Penicillium  aurantiogriseum j      3.50 5.40 96.6 ± 3.30abcdefghij 
Penicillium citrinum k                                 1.50 10.50 60 ±  5.70efhijk 
Penicillium  frequentansl                - - 20 ± 5.70bcdgjkl 
Penicillium  lanosumm                           1.70 12.28 56.6 ± 0.00efhijklm 
Penicillium  stoloniferum                 9.06 - 26.6 ± 8.80abcdgjkm 
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1. LT25 = Lethal time for 25% mortality,  LT50= Lethal time for 50 % mortality 
2. F=11.49, df1=13, df2=28, P =0.02. 
3. Three  replicates, means with the same letters are significantly difference, P�0.05, LSD test              

 

4.33%

60.07%

35.60%

Egg Nymph Adult

Total count for all stages = 170.79 CFU

7.39 CFU

102.60 CFU

60.80 CFU

 
 
Fig. 1: Percentage of total count of fungal species isolated from Schistocerca gregaria 
 
Conclusion: 

 
As a conclusion, among the 33 fungal species that naturally associated with the desert locust, 

S.gregaria and isolated from it P.  aurantiogriseum emerged as a promising  pathogen that has the major and 
rapid lethal activity against such an important pest. Subsequently it could be suggested that this fungus  may be 
used as an environmental friendly control agent for the desert locust, Schistocerca  gregaria . Further field 
studies are needed to support such suggestion.  
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