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ABSTRACT 

The desert locust, Schistocerca gregaria is considered among the major insect pests damaging 
crops in large parts of the world. Due to their eco-friendliness and bio-persistence, entomopathogenic 
fungi, are preferred to control insects, at various stages of their life cycle. Mycotoxins are synthesized 
by fungi and released as secondary metabolites which are toxic to many insect species. This study aims 
to extract citrinin mycotoxin from the entomopathogenin fungus, Penicillium aurantiogriseum, isolated 
from the desert locust, S. gregaria and to study the effect of both conidial suspension and citrinin 
mycotoxin on the development of the 5th nymphs.  Results showed that the effect of both treatments has 
similar course of approach; in inoculation by each treatment, with different concentrations, the mean 
percentage of mortality of 5th nymphs of  S. gregaria increased significantly as concentrations increased. 
The lethal concentrations of 50% mortality (LC50) of insects inoculated with conidial suspension were 
9× 104   conidia / ml and 18.9 µl /ml for insects inoculated with citrinin. While, lethal time for 50% 
mortality (LT50) was 2.4 and 4.3 days for both tests, respectively. Data concluded that the fungus P. 
aurantiogriseum presents a biopesticidal potential against the desert locust, S. gregaria. 
  
Keywords: Schistocerca gregaria,   Penicillium aurantiogriseum, citrinin mycotoxin, mortality.                                      

 
Introduction 

Controlling insect pests, which continue to be agricultural, medical, and economic threats 
worldwide, requires constant human innovation (Hill, 1983, Abou- Bakr, 2002, El- Maghraby et al., 
2009 and Gul et al., 2014).  

The use of microbial control agents particularly entomopathogenic fungi, have been investigated 
for the control of a wide range of orchard and field crop pests (Dolinski and Lacey, 2007; Lacey and 
Shapiro-ilan, 2008; Nchu et al., 2010).  Although many fungal species have been formulated into 
products that are commercially available for use in controlling insects of economic importance, there 
are still other species that are not well known and may have an important role in insect control. 

Previously, in our laboratory, studies showed that among 33 fungal species, belonging to 12 
genera that were naturally associated with the desert locust, S. gregaria and were isolated from it, P.  
aurantiogriseum proved to has a rapid lethal activity against such an important pest (Helal et al., 2012).  
In the same study, a positive results to the fungus ability to secrete chitinase and proteolytic (not 
lipolytic) enzymes that are Important in process of insect body penetration were confirmed. Mycotoxins 
are synthesized by fungi and released as secondary metabolites which are toxic to many insect species. 
Mycotoxins caused toxicity to insects, including insecticidal effects and developmental delay (Zeng et 
al., 2006).  

The genus Penicillium, is known to include many toxigenic species and the range of mycotoxin 
classes produced is much broader than that of any other genus (Konstantopoulou and Mazomenos, 
2005). Citrinin mycotoxin is a benzopyran compound first isolated from a culture of Penicillium 
citrinum Thom (Hetherington and Raistrick, 1931). Meanwhile, several other fungal species within the 
three genera, Penicillium (P. expansum, P. verrucosum),  Aspergillus (A. terreus), and Monascus (M. 
ruber) were also found to produce this mycotoxin (Ciegler et al., 1977 ; Bragulat et al.,2008).  

There is little information about the activity of the fungus P. aurantiogriseum and no available 
data on citrinin mycotoxin on the desert locust, S. gregaria. Therefore, the aim of the present study was 
(1): to extract citrinin mycotoxin from the fungus, P.  aurantiogriseum, and (2): to investigate the 
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virulence of fungus  conidial suspension and that of the isolated citrinin mycotoxin against the 5th 
nymphal stage of S. gregaria instar. 

 
Materials and Methods  
 
Insect rearing: Individuals of the desert locust, S. gregaria were obtained from Plant Protection 
Research Institute, Zagazig, Sharkia Governorate, Egypt. Adults were reared in the laboratory  under 
crowded conditions at 30  ± 2°C, 70 – 80 % R. H. and photoperiod of 8 D: 16 L for several generations. 
Adults were placed in wooden – framed cages measuring 40×40 × 60 cm as described by Hunter – 
Jones (1961) and Hassanein (1965).  
 
Conidial production:  The conidia of the fungus previously isolated from S. gregaria cadavers by 
Hashem (2013) and identified as Penicillium aurantiogriseum (Dierekx) 800 (AUMC) were harvested 
by scraping the sporulating colonies of seven day old culture and suspended in sterile distilled water 
containing 1.0 % Tween 80 (v ̸  v) aqueous solution, as a wetting agent (Hicks et al., 2001). The 
concentration of resulting conidial suspension was determined using a hemocytometer before they were 
diluted with sterile water containing1.0 % Tween 80 to reach the appropriate concentrations (1×104, 2 
×104, 4× 104, 7 ×105 and 1×106 conidia / ml). 
 
Virulence of conidial suspension: The conidia from the slant culture of each concentration isolate 
were separately suspended to apply. Ten 5th nymphs of of S. gregaria were inoculated by topical 
application technique beneath the dorsal pronotal shield with 50 μl of each conidial suspension. They 
were observed every day; dead insects were removed, followed by confirmation of fungal infection.  
Only nymphs contained undergoing sporulated fungi were considered for fungal virulence 
determination. The resulting data was used to calculate the rate of mortality and the median lethal time 
(LT50) and the median lethal concentrations (LC50).  
 
Extraction and identification of mycotoxin: 
 
Cultivation of the fungus P. aurantiogriseum for mycotoxin screening: Fungal conidia was 
inoculated on Czapek's medium fortified by 2 g yeast extract and 10 g peptone of the following 
composition: Glucose, 10 g; NaNO3, 1 g; K2HPO4, 1 g; KCl, 0.5 g; MgSO4.7H2O, 0.5 g; FeSO4.7H2O, 
0.01 g; peptone, 10 g and yeast extract 2 g, per liter of distilled water. 

The cultivation was made in 250-ml Erlenmeyer flasks, which containing 50 ml of the medium. 
The flask was sterilized at 1.5 atmospheres for 20 min. and inoculated after cooling with 2 ml, of the 
inoculum suspension of 2 week-old cultures of the pure organism. The culture was incubated at 28C 
for 10 days as stationary cultivation. 
 
Preparation of the crude mycotoxin: The content of flask (medium + mycelium) was homogenized 
for 5 minutes in a high speed blender (16000 r.p.m.) with 100 ml chloroform. The extraction procedure 
was repeated three times. The combined chloroform extract was washed with equal volume of distilled 
water, dried over anhydrous sodium sulphate, filtered then concentrated under vacuum or a stream of 
nitrogen to near dryness, and diluted to 1 ml with chloroform. 
 
Preparation of thin layer chromatographic (TLC): the TLC plates were prepared according to Stahl, 
(1969) and El- Shanawany et al., (2005). 
 
Qualitative and Quantitative determinations: the dried crude extract was dissolved in absolute 
methanol and loaded with reference standard (Sigma- Aldrich, GmbH, Germany) on the TLC plates 
using chloroform: methanol (98: 2, v:v) as a developing system (El- Kady et al., 1995). Mycotoxin 
spots (Rf= 0.42) show lemon yellow spot under ultraviolet (El- Kady et al., 1995).  The spots were more 
visualized by putting TLC in iodine vapor for 10 min. before observation under ultraviolet light. The 
lemon yellow spots of citrinin were scrapped off and added to 3 ml methanol for quantitative detection 
(Scott et al., 1972). The color intensity was measured at 330nm by ultraviolet spectroscopic analysis 
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performed with spectrophotometer. The concentration was obtained after recording the optical density 
against a standard curve. 
 
Virulence of citrinin mycotoxin: Different concentrations of crude citrinin mycotoxin were prepared 
(10, 15, 20, 25 and 30µl/ ml) by dissolving in 1:10 ethyl alcohol: sterilized water. Ten 5th nymphs of S. 
gregaria, were inoculated by topical application technique beneath the dorsal pronotal shield of nymphs 
with 50 μl of each citrinin mycotoxin concentrations and another group inoculated with 50 μl of sterile 
water. The nymphs were observed every day and dead insects were removed.  The resulting data was 
used to calculate the rate of mortality and the lethal/time median (LT50) and the lethal/concentrations 
median (LC50).  
 
Statistically analysis  

The mortality data was analyzed with SPSS version 14. Using one-way analysis of variance 
(ANOVA) followed by pair wise comparisons based on Tukey's HSD tests. The results were expressed 
as means (±SE) and The LT50 and LC50 were determined by probit analysis based on the method by 
Finney (1971). The calculations employed the program SAS-STAT in SAS version 6.12 (SAS Institute, 
USA). 
 
Results and Discussion 
 
Virulence of conidial suspension:  

The mean percentage of mortality of 5th nymphs of S. gregaria after 4 days of inoculation with 
different concentrations of conidial suspension (1×104, 2 ×104, 4× 104, 7 ×105 and 1×106 conidia/ ml) 
was illustrated in figure (1). The data revealed that the highest mean percentage of mortality  was 93.3 
± 6.6% that caused by the highest concentration of 1×106 conidia/ ml of P. aurantiogriseum, followed 
by 80 ± 11.5% at concentration 7 ×105 conidia / ml. Then mortality percentage decreased to 73.3 ± 
13.3% and 66.6 ± 13.3% at concentrations of  4× 104 conidia/ ml and 2 ×104 conidia/ ml, respectively. 
The lowest mean percentage of mortality was 40 ± 0.0% at concentration 1×104 conidia / ml. The mean 
percentage of mortality of uninoculated (-ve control) or inoculated (+ve control) insects with saline 
solution was zero. Statistically, comparing percentage of mortalities with different concentrations of 
conidial suspension revealed that they were significantly different (p= 0.044, one way ANOVA). 
Regression analysis revealed that the mortality percentage increased as the concentration increased (R= 
0.96, p= 0.0). This suggested that the increase in concentration of P. aurantiogriseum positively 
correlated to locust mortality percentage since the coefficient 0.968 is relatively close to 1. 

 

 
Fig. 1: The mean percentage of mortality of the 5th nymphs of S. gregaria inoculated with different 

concentrations of conidial suspension of P. aurantiogriseum  4 days post application.  
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As shown in figure (2), the lethal concentrations that caused 25%, 50% and 90% mortality was 3×103, 
9 ×104 and 6 ×107conidia /ml respectively. The slope of curve on probit analysis was 0.455 ± 0.07. On 
the other hand, the lethal time for conidial suspension that caused 25% (LT25), 50% (LT50) and 90% 
(LT90) percentages of insect mortality was 1.14, 2.4 and 13.2 days   respectively as shown in figure (3). 
The slope was 1.84 ± 0.2. 
 

 
Fig. 2: Lethal concentrations for percentages of 25, 50 and 90 mortality of 5th nymphs S. gregaria inoculated 

by conidial suspension of P. aurantiogriseum. 
 

 
Fig. 3: LT25, LT50 and LT90 of 5th nymphs of S. gregaria inoculated by conidial suspension of P. 

aurantiogriseum. 
 
Virulance of citrinin mycotoxin: 

 The mean percentage of mortality of 5th nymphs of S. gregaria after 7 days of inoculation with 
citrinin mycotoxin,   in concentrations of 10, 15, 20, 25 and 30 µl ̸ ml, was illustrated in figure (4). The 
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data revealed that the highest percentages of mortality (93.3 ± 6.6%) were caused by the highest 
concentrations of the mycotoxin. The mean percentage of insect mortality of   93.3 ± 6.6, 86.6 ± 11.5, 
73.3 ± 11.5, 46.6 ± 11.5 and 20 ± 0.0 was caused by mycotoxin concentrations of 30, 25, 20, 15 and 10 
µl ̸ ml, respectively. 

 

 
 
Fig. 4: The mean percentage of mortality of the 5th nymphs of S. gregaria inoculated with different 

concentrations of citrinin myctoxin after 7 days post application. 
 
Insect mortality of uninoculated (-ve control) or inoculated (+ve control) with saline solution was 

zero (Figure 4). Statistically, comparing percentages of mortality with different concentrations revealed 
that they were significantly differences (p= 0.044, one way ANOVA). Further comparison (LSD) 
indicated that insect mortality caused by concentration 10 µl ̸ ml is significantly different (p< 0.05) from 
mortalities caused by the other concentrations. Regression analysis was revealed that the mean 
percentage of mortality increased as the concentrations increased (R= 0.94, p= 0.0). This suggested that 
the increase of citrinin mycotoxin concentration positively correlated to locust mortality since the 
coefficient 0.968 is relatively close to 1.   

Results also revealed that the lethal concentrations that caused insect mortality of 25% (LC25), 50 
% (LC50) and 90% (LC90) were 15.2, 18.9 and 28.9 µl/ml, respectively as shown in figure (5). The slope 
of curve on probit analysis was 0.455 ± 0.07. On the other hand, lethal time of insects inoculated by 
citrinin mycotoxin that caused 25% (LT25), 50% (LT50) and 90% (LT90) was 1.8, 4.3 and 22.6 days, 
respectively as shown in figure (6). The slope was 1.7 ± 0.26.  
 

 
Fig. 5: LC25, LC50 and LC90 of 5th nymphs of S. gregaria inoculated by citrinin mycotoxin. 
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Fig. 6: LT25, LT50 and LT90 of 5th nymphs of S. gregaria inoculated by citrinin mycotoxin. 

Discussion 
To our knowledge there are no reports on the susceptibility of the desert locust S. gregaria to 

citinin mycotoxin and limited information is available on the activity of the fungus, P. aurantiogriseum 
against such insect. The present study encompassed determination of the pathogenicity of the conidial 
suspension of P. aurantiogriseum and that of the extracted citrinin mycotoxin on the 5th nymphs of the 
desert locust, S. gregaria. 

In all bioassays in the present study, mortality of 5th nymphs of S. gregaria appeared 
concentration and time dependent, increased by increasing the concentrations of conidial suspention, 
citrinin extract and time after application. These results are corroborated by the findings of many other 
studies reporting the efficiency of different fungal species and concluding that virulence of 
entomopathogenic fungi is usually concentration dependent and the target insects’ mortality also 
depends on the temperature and exposure time (Murerwa et al., 2014; Youssef, 2014; Al keridis, 2015). 
Of those,    Gesraha (2007) who mentioned that the highest concentrations of Metarhizium anisopliae 
and Beauveria bassiana increased mortalities of S. gregaria and Hoe et al. (2009) who stated that the 
mortality of Coptotermes curvignathus increased as the concentration of three isolates (MG, LR2 and 
TA) of M. anisopliae increased.   

Determination of lethal concentration (LC) and lethal time (LT) is important for the better 
evaluation of the virulence of the particular toxic agent targeting an insect species.  Regarding bioassays 
based on conidial suspension in this study, the value of LC represents the concentration of the conidia 
of the P.  aurantiogriseum in the external media that will kill certain percentage of the tested insects. 
According to Probit analysis, median lethal concentration (LC50) value for P. aurantiogriseum was 9 
×104 conidia/ml. As well, the LC25 and LC90 were 3×103 and 6 ×107 conidia /ml respectively. The slope 
of curve on probit analysis was 0.455 ± 0.07. Determination of lethal concentrations  to evaluate 
fungicide activity was used by many authors,  of these, LC50 and LC90 were calculated by Abou- Bakr 
(2002) for B. bassiana against infected Gryllotalpa gryllotalpa as 2.25 ×105 and 1.66× 108  conidia/ 
ml(slope= 0.352 ± 0.029) and for M. anisopliae var. niger was 1.42× 105 and 1.21× 108 conidia/ml 
(slope= 0.447 ± 0.037). Also, Consolo et al. (2003) recorded that LC50 of B. bassiana isolate (FHD13) 
was 3.48×1010 conidial/ml against Diabrotica speciosa (Coleoptera: Chrysomelidae). El- Maghraby et 
al. (2009) stated that lethal dose of 50% mortality (LD50) of M. anisopliae, B. bassiana and Nosema 
locustae were 3.5× 107, 7.4×108 and 3.0× 1010 conidia/ml at the 7th day post treatment of 3rd nymphs of 
S. gregaria, on the 14th days were 4.5×104, 7×105 and 1.2× 108 conidia/ml and on the 21st day were 3.6× 
103, 3.5×104 and 1.1× 105 conidia/ml.  

Regarding lethal time determination in this study, the value of LT50, is the time point at which 
mortality of inoculated hosts is 50 percentages.    According to probit analysis, the medium lethal  time 
to cause 25%, 50%  and 90% mortality of 5th instars of S. gregaria were 1.14, 2.4  and 13.2 days 
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respectively after inoculated by 9 ×104 conidia/ml of P. aurantiogriseum.  Gesraha (2007) reported that 
the LT25 and LT50 values of M. anisopliae and B. bassiana against S. gregaria increased as their 
concentrations decreased and that the mortality of hoppers increased as the concentration of both 
pathogens increased. El-Maghraby et al. (2009) reported the LT50 values of M. anisopliae, B. bassiana 
and N. locustae at concentration 103conidia/ml. They were 24.66, 36.38 and 51.26 days, respectively, 
at concentration 104 conidia/ml;  16.37, 21.84 and 27.05 days, respectively, at concentration 105 
conidia/ml;  11.76, 17.85 and 20.13 days, respectively, and at concentration 106 conidia/ml were 10.76, 
13.59 and 17.4 days, respectively. 

Entomopathogenic fungi secrete a wide range of toxic metabolites in artificial cultures and in a 
few cases, in vivo (Mazet et al., 1994, Vey 1998 Vey et al., 2001). Toxins are produced by some insect 
pathogenic fungi and more of them aid to increase pathogenicity and play an insecticidal role (Gul et 
al., 2014). Our results of inoculation of different concentrations of crude citrinin mycotoxin on 5th 
nymphs of S. gregaria revealed that mortality is influenced by its concentration and time of exposure. 
The highest concentration of citrinin caused significantly (p≤ 0.05) the highest rates of mortality. The 
lethal concentrations of citrinin mycotoxin  to achieve  25% (LC25), 50% (LC50) and 90% (LC90) 
mortality of 5th instars of S. gregaria was 15.2 µl/ ml, 18.9 µl/ ml and 28.9 µl ̸ ml respectively . The 
slope of curve on probit analysis was 0.455 ± 0.07.  The lethal time for 25% (LT25), 50% (LT50) and 
90% (LT90) mortalities   was 1.8, 4.3 and 22.6 days respectively. The slope was 1.7 ± 0.26.  Of total of 
15 metabolites were detected of seven Penicillium extracts, citrinin was one of  five extracts caused 
significant increases in feeding inhibition of Drosophila melanogaster  and feeding inhibition and 
mortality S. littoralis at significant effects (P < 0.05) (Patterson et al. 1987). Similar results were 
reported by Dowd (1989) who evaluated the toxicity of ochratoxin A and citrinin mycotoxins against 
Heliothis zea.   In addition, studies of Chandrashekhar et al. (1990), found that citrinin (0.1 ml solution 
containing 5 µg citrinin in 0.2% Na2CO3), obtained from cultures of Penicillium citrinum, and injected 
into cockroaches (Periplaneta americana) showed behavioural changes that induced tremor and 
ultimately death. They concluded that the mycotoxin acts on the central nervous system in the insect.  
 
Conclusion 

Thus, conidial suspension of P. aurantiogriseum and citrinin mycotoxin appears to be effective 
defense against the desert locust, S. gregaria. There is a need for more data regarding the role of P. 
aurantiogriseum and its enzymes (chitinase and proteolytic enzymes that have the ability to easily 
penetrate and invade locust body) on the insect development and their toxicological potential on 
different insect tissues.  
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