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In an attempt to find out the reasons of pomegranante fruit drop due to insect attacks, regular collection 
of all fallen fruits beneath trees of nine different varieties was done during the fruiting season from 
August 2013 to December 2013 in an organic pomegranate orchard in the Chott-Mariem region of 
Tunisia. Apparently heatlthy and cracked fruits were dissected in the laboratory to identify insect larvae 
found inside. Results indicate that fruits were attacked by three larvae insect species: the Mediterranean 
fruit fly, Ceratitis capitata Wiedemann (Diptera, Tephritidae), the carob moth, Ectomyelois ceratoniae 
Zeller (Lepidoptera, Pyralidae) and the pomegranate butterfly, Virachola livia Klug 1834 (Lepidoptera, 
Lycaenidae). Two different insect larvae can be found jointly inside fruits but no fruits were attacked by 
the three insect larvae together. All fruits varieties harbor the larvae of C. capitata whereas E. ceratoniae 
larvae were present in eight of nine varieties. Varieties numbered 1, 8 and 9 were free from V. livia larvae 
attacks and hence can be considered as resistant cultivars. With respect to Lepidoptera larvae attacks 
(E. ceratoniae and V. livia), we can assume Variety 1 as resistant. Nevertheless, more research was 
needed to corroborate these results. 
 
Key words: Pomegranate, fruit drop, Ectomyelois  ceratoniae, Virachola livia, Ceratitis capitata. 

 
 
INTRODUCTION 
 
Pomegranate, Punica granatum L. native to Persia is 
widely cultivated througout Iran, India, the drier parts of 
South-East Asia, Mediterranean region, Africa and dry 
hot areas of the United States and Latin America (Glozer 
and Ferguson, 2011; Mansour, 1995). The pomegranate 
is cultivated for its edible fruits and/or for decorative 
purposes. Its utilization consists of a large number of 
horticultural varieties mainly characterized by fruits traits 
such as fruit and seed color, taste and shape. The tree 
has been traditionally cultivated since ancient times 

under diverse climatic conditions (Evreinoff, 1957; Mars, 
1995). Fruits are consumed fresh or processed for juice, 
syrup and other purposes. Different parts of the 
pomegranate tree (leaves, fruits and bark skin) have 
been used tradionally for the medicinal properties and for 
other purposes such as tanning (Mars, 2000). In Tunisia, 
pomegranate tree is well known in the coastal regions of 
the north, the center and the south and in many areas 
inside the country. It is also considered as a principal fruit 
tree in the oases. Local varieties are numerous and well
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Figure 1. Fallen pomegranate fruit 

 
 
 
adapted to agroecological conditions (Mars, 1995). Having 
long been considered as a secondary and non commercial 
plantation, pomegranate cultivation has increased recently 
due maily to the greater awareness of its benefit to 
human health confirmed by recent scientific findings (Gil 
et al., 2000; Lansky and Newman, 2007). In Tunisia, the 
cultivated area extended from 5650 ha in 1980 to 11300 
ha in 2008 given a production of 75000 tons in 2009 
(Anonymous, 2014). Currently, the cultivation of pome-
granate is experiencing several problems apart from pest 
attacks such as fruit cracking, fruit rot and fruit dropping. 
Insect pests of the fruit can cause major problems; one of 
these pests is the carob moth Ectomyelois ceratoniae 
Zeller 1839 (Lepidoptera, Pyralidae) (Gothilf, 1969), in 
which the female lays eggs in the calyx of developing 
fruits, and in a few days, the caterpillars enter the fruit by 
way of the calyx and cause arils rot. In Tunisia, Dhouibi 
(2000) reported the yearly damage rate caused by E. 
ceratoniae on Pomegranate fruits from 1996 to 1999 
varied from 29 to 72% reaching 90% in 1983. Recently, 
increased damages of the pomegranate butterfly, Virachola 
livia Klug 1834 (Lepidoptera: Lycaenidae), was reported 
by Ksentini et al. (2011) causing fruit rot. These fruit 
borers may cause loss of an entire crop. More recently, 
we observed increased symptoms of damage similar to 
Mediterranean fruit fly Ceratitis capitata Wiedemann 1824 
(Diptera, Tephritidae) attacks. C. capitata was reported 
as pomegranate pest in Turkey, Spain and other regions 
of the Mediterranean (Özturk et al., 2005; Özturk, and 
Ulusoy, 2009; Juan et al., 2000; Delrio and Cocco, 2012). 
Pomegranate cultivation and its potential yield are 
affected by many disorders like fruit cracking, fruit splitting 
and fruit drop. Beside the fall of fruits after fruit set 
occuring usually in May-June, the drop of mature fruits is 
common generally assigned to insect attacks mainly E. 
ceratoniae. Therefore, it is necessary to know the causes 
of fruit falling properly and determine which insect species 
are responsible to permit better control alternatives. 

 
 
 
 
MATERIALS AND METHODS 
 

Experimental site 
 

The study was conducted in an experimental organic pomegranate 
orchard belonging to Research Center for Horticulture and Organic 
Agriculturein Chott-Mariem (Sousse, Tunisia 35.8°North ; 10.6° 
East). The area is located in the eastern coast of the Mediterranean 
at about 2.5 km far from the sea and characterized by a semi-arid 
climate with hot summers and mild winters. Monthly average 
temperatures in 2013 varied from 10.56°C in January to 28.62°C in 
August obtained from a meteological station situated at about 2 km 
from the study site belonging to the National Researches Institute of 
Rural Engeneering, Water and Forest (Tunisia). Annual rainfall 
recorded is about 300 mm concentrated mainly between October 
and April. The orchard, four years aged of about 0.25 ha was 
divided into two plots of the same area seperated by a path of 6 
meters wide. The study plot is composed of 9 rows of 12 trees each 
for a total of 108 unsprayed trees. On the row, trees were 
seperated by 2.5 m and 3.5 m between the lines. The plot is 
surrounded in the North by a plot of fig tree (Ficus carica), in the 
south by a plot of olive tree in the west by a the second plot of 
pomegranate, of the same area having the same varieties and in 
the East by a bare land. Drip irrigation was used. Each row was 
planted with a different variety; thus, nine different local commercial 
cultivars were represented in which sour, sour-sweet and sweet 
varieties are represented (Dr. Mars, personal communication). 
Since the ongoing research of pomological characteristics of each 
variety conducted by Dr Mars’s team, each cultivar was refered 
here as VAR1, VAR2 to VAR9.  
 
 

Fruit collection and handling 
 

The collection of fallen fruits was undertaken during the fruiting 
season (from 23 August 2013 to 6 December 2013). Fallen fruits 
(Figure 1) were collected usually at biweekly interval beneath each 
tree for each row (variety) and transported to the laboratory where 
they were dissected. Larvae found inside fruits were categorized as 
Dipteran or Lepidopteran larvae. For Lepidopteran species, only 
insect larvae were taken into account since we cannot differentiate 
species at eggs or pupae stages. Hence, larvae were categorized 
as V. larvae (Figure 2), E. larvae (Figure 3) or fruitflies larvae C. 
capitata (Figure 4).  E. ceratoniae larvae were identified  according  
to Solis (2006), V. livia according to Hanna (1939) and C. capitata 
according to Balachowsky et Misnil (1935). Extremely rotten fruits 
were eliminated and were not included as considered as attacked 
by Drosophila melanogaster Meigen (Diptera, Drosophilidae) 
larvae. D. melanogaster is specialized to feed as larvae on rotting 
vegetable matter that is undergoing fermentation due to yeast or 
bacterial contamination (EOL,  2014) or attacked by the fungus 
Alternaria spp. (Kahramanoglu et al., 2014). 
 
 

Statistical analysis 
 

The mean number of fallen fruits either attacked by insect larvae or 
un-attacked according to varieties were submitted to one way 
ANOVA using the software SPSS 17.0 (SPSS, 2008). Dates of 
collection were considered as repeated data. When significant 
difference was detected, a Duncan’s multiple Range test was used 
to separate means at P≤0.05. 
 
 

RESULTS AND DISCUSSION 
 

Total number of fallen fruits 
 

The total number of fallen fruits during the collection period 



 
 
 
 

 
 

Figure  2. V.livia larva (September, 2013) 

 
 
 

 
 

Figure 3. E. ceratoniae larva inside the pomegranate fruit 
(August, 2014) 

 
 
 
(from August 23, 2013 to December, 6 2013, 25 collec-
tion dates) shows significant difference among varieties 
(One-way ANOVA; F8,216= 5.133; P=0.001). The varieties 
numbered three and four suffer more fruit drop and 
variety number seven undergoes low fruit drops (Figure 
5). Indeed VAR3 and VAR4 suffered significant fruit 
drops not caused by insect attacks (Table 1). The 
number of fallen fruits presumably caused by insect 
attacks, due to the presence of larvae inside fruits shows 
significant difference among varieties (Table 1). Indeed 
variety 1 harbors less insect larvae and variety 2 shows 
maximum attack even though the two varieties are 
located side by side. The less insect attacks in variety 1 
may be attributed to the amount of acid content of this 
variety as reported by Melgarejo et al. (2000). This is 
confirmed by detailed insect larvae attack in which only 
C. capitata larvae were found in fallen fruits of variety 1 
(Table 1) in only one date (on 31 October 2013). 
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Figure 4.C.capitata larva inside pomegranate fruit(September, 
2013) 

 
 
 

The details of insect damages show significant 
differences among cultivars regarding Lepidoptera larvae; 
E. ceratoniae and V. livia. Larvae attacks were assigned 
to E. ceratoniae more than V. livia (Table 2). All varieties 
were more attacked by E. ceratoniae larvae than V. livia 
larvae. Thus Moawad et al. (2011) reported that V. livia 
attacks healthy pomegranate fruits whereas E. ceratoniae 
attacks cracked fruits.  
 
 
Insect infestation within varieties 
 
The within variety insect larval densities (E. ceratoniae, 
larvae, V. livia larvae and C. capitata larvae showed no 
statistical difference for all varieties except variety 9 (one 
way ANOVAs; Variety 1:F2,72=1; P= 0.373; Variety 2: 
F2,72=0.60 P=0.50; Variety 3: F2,72= 0.55 P=0.57; Variety 
4 : F2,72=0.37, P=0.72; Variety 5: F2,72=1.9, P=0.14; 
Variety 6: F2,72=3.10, P=0.052; Variety7: F2,72=0.15, 
P=0.89; Variety 8: F2,72=3.10, P=0.052 and Variety 9: 
F2,72=3.9, P=0.02). C. capitata larvae were present in all 
varieties without real distinction between cultivars. This 
can be explained by (1) the insect has no choice among 
pomegranate varieties and thus pomegranate fruits can 
be considered as primary hosts. Indeed, if the C. capitata 
female has to choose among hosts present in the area, it 
would prefer several ripe fruits available. There were fig 
fruits, Ficus carica and two citrus species Citrus sinensis 
cv Thomson and C. clementina Hort. ex Tanaka. Indeed, 
in Morocco, Fahad et al. (2014), studying the biology and 
ecology of the Mediterranean fruit fly on Rosaceous tree 
in the Sefrou region, reported high C. capitata male 
captures in sexual traps installed in pomeganate orchard. 
However, no data were given regarding fruit infestation; 
and (2) the insect attacks already dropped fruits in which 
decaying  process  has  begun  and  therefore,  the insect 
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Figure  5. Number of fallen fruits and number of fruits attacked by insect larvae (E. ceratoniae, V. liviaand 
or C. capitata (Chott-Mariem, 2013). 

 
 
 
Table 1. Mean number of fallen pomegranate fruits (± standard  deviation) with or without insect larvae (each variety was represented by 12 
trees) 
 

Varieties 
Average fallen fruits with insect 

larvae ± SD
(1)

 
Average fallen fruits without 

insects ± SD
 (1)

 
Average total fallen fruits 

± SD
 (1)

 
N

(2)
 

VAR1 0.04±0.2a 0.88±0.9bcd 0.92±0.95ab 25 

VAR2 0.72±0.8d 0.56±0.71ab 1.28±0.8bc 25 

VAR3 0.64±0.81cd 1.2±1.1d 1.84±1.06d 25 

VAR4 0.44±0.71bcd 1.16±0.85cd 1.6±0.64cd 25 

VAR5 0.52±0.58bcd 0.64±0.75abc 1.16±0.89bc 25 

VAR6 0.48±0.58bcd 0.84±0.89bcd 1.32±0.9bc 25 

VAR7 0.24±0.52abc 0.36±0.63ab 0.6±0.76a 25 

VAR8 0.12±0.33ab 0.68±0.85abcd 0.8±0.91ab 25 

VAR9 0.64±0.80cd 0.24±0.43a 0.88±0.92ab 25 

Statistical 
analysis 

F8,216 =3.45; P= 0.001 F8,216 3.80 = P=0.001 F8,216 = 5.133; P=0.001  

 
(1)

Means in columns followed by different letters are significantly different (P≤0.05, Duncan’s multiple Range test.  
(2)

N : denotes collection dates (from 
23 August to 6 December 2013). 
 
 
 

has no real choice regarding the fruits characteristics 
such as color, thickness and shape. All varieties were 
attacked by E. ceratoniae larvae except variety 1 which is 
also free of V. livia larvae. Varieties 1, 8 and 9 were free 
from V. livia larvae which can be considered as resistant 
varieties. With respect to Lepidoptera larvae attacks, we 
can consider variety 1 as a resistant variety.  
 
 

Presence versus absence of larvae species inside fruits 
 

When we consider all varieties, for the presence-absence 
of   the   three  insect   larvae   species,   the larvae  of  E. 

ceratoniae were present solitary in the fruits at the 
percentage of 40%; exceeding V. livia and C. capitata 
larvae (Figure 6). Fruits can be attacked jointly by two 
different insect species (C. capitata plus E. ceratoniae; C. 
capitata plus V. livia; and E. ceratoniae plus V. livia) but 
no fruits were found attacked by the three insect species 
perhaps due to cannibalism between larvae (Figure 6). 

To our knowledge, this is the first study to deal with the 
reasons of pomegranate fruit drop due to insect attacks in 
the centre-East region of Tunisia although Ksentini et al. 
(2011) when reporting the first occurrence of V. livia in 
Tunisia mentioned 5.2% of fruits were infested by V. livia
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Table 2. Mean number of pomegranate fruits attacked by insect larvae (± standard deviation) according to 
varieties during the study period  
 

Varieties E. ceratoniae larvae ± SD 
(1)

 V. livia larvae ±SD
 (1)

 C. capitata larvae ±SD
 
) N

(2)
 

VAR1 0a 0a 0.04±0.20 25 

VAR2 0.24±0.52c 0.2±0.4c 0.36±0.56 25 

VAR3 0.36±0.63c 0.2±0.4c 0.29±0.55 25 

VAR4 0.20±0.64c 0.24±0.59c 0.12±0.33 25 

VAR5 0.08±0.27b 0.20±0.40c 0.32±0.55 25 

VAR6 0.08±0.27b 0.08±0.27b 0.32±0.55 25 

VAR7 0.08±0.27b 0.08±0.27b 0.12±0.33 25 

VAR8 0.08±0.27b 0a 0.04±0.2 25 

VAR9 0.44±0.76c 0a 0.32±0.62 25 

Statistical Analysis F8,214 =2.45; P= 0.01 F8,214 = 2.18 = P=0.03 F8,214 = 1.98; P=0.06  
 

(
1
)Means in columns followed by different letters are significantly different (P≤0.05, Duncan’s multiple Range test) (

2
)N : 

denotes collection dates. 

 
 
 

 
 

Figure 6. Percentage of species larvae present in pomegranate drop fruits. 

 
 
 
and the insect was responsible for 52% of fruit rot in 2006 
in Gabès governorate (South). 

Better knowledge of the causes of fruit drop is 
important for these reasons (1) when establishing new 
orchard, the choice of varieties is of paramount importance. 
Determing which of pomegranate varieties are suscep-
tibles, tolerants or resistants to insect attacks especially 
for the major Lepidoptera species (E. ceratoniae and V. 
livia) is crucial (Fesharaki et al., 2011) and (2) the insect 
pests responsible for fruit drop can be controlled 
efficiently. The rotten and decaying fruits showing no 
insect larvae may be infected by the fungus Alternaria 
spp. as reported by Kahramanoglu et al. (2014) in 
Cyprus. Indeed, Moawad et al. (2011) investigated the 
insect attacking five different pomegranate varieties in 
Saudi Arabia and reported three species: V. livia, E. 
ceratoniae and Pseudococcus maitimus. They stated the 
local variety (Al-taif) was resistant to V. livia larvae and 

the imported variety Wondeful was more resistant to E. 
ceratoniae larvae. In Turkey, Özturk et al. (2005) reported 
seven key insects attacking pomegranate in the Eastern 
Mediterranean Region of Turkey which are: E. ceratoniae 
(Zell.) (Lep.: Pyralidae), C. capitata Wied. (Dip.: 
Tephritidae), Aphis punicae Passerini (Hemiptera 
Aphididae), Siphoninus phillyreae (Haliday) (Hem.: 
Aleyrodidae), Planococcus citri (Risso) (Hemiptera:  
 
Pseudococcidae), Zeuzera pyrina (L.) (Lep.: Cossidae) 
and Carpophilus spp. (Col.: Nitidulidae). 

In our study beside the Med fly, two Lepidopteran 
species were present in fruits having more or less similar 
biologies. Shortly after hatching, larva needs to establish 
a feeding site, negotiating some or all of the following: 
leaf hairs, surface waxes, hard plant parts, laticifers, 
glands or tissues filled with allelochemicals, locally induced   
plant   changes,  variable  microenvironments,  predators, 
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pathogens, and parasitoids (Zalucki et al., 2002). The 
control of C. capitata is relatively easy using insecticide 
bait stations or cover sprayers. However, the control of 
Lepidoptera species is tricky and needs to monitor insect 
adult flight by the use of pheromones which are 
commercially lacking. 
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Stored wheat flour samples purchased from Jazan local markets in Saudi Arabia were checked for the 
presence of pests, insect and fungal species. The insects existing in the flour were separated and 
identified as red flour beetle Tribolium castaneum and from 60 individuals (dead bodies) inspected, 17 
individuals exhibited abnormal deformation, decomposition and or superficial fungal growths. 
Incubation of the dead insects' bodies resulted in emergence of fungal growth on the surface of these 
bodies. Nine fungal species that belonged to eight fungal genera were isolated. Results indicate that 
Beauveria bassiana and Verticillium lecanii were the most dominant fungi among those isolated from T. 
castaneum growing in flour followed by Sporothrix sp., Hirsutella versicolor, Granulomanus sp., modern 
Rhizoctonia solani, Moelleriella sp., Aspergillus fumigatus and A. flavus. 
 
Key words: Stored wheat flour, Tribolium castaneum, fungi, Jazan, Saudi Arabia. 

 
 
INTRODUCTION 
 
Saudi Arabia is a sub-tropical country, with a warm climate 
that favors the multiplication of microorganisms and 

destructive pests of stored products (Tirado et al., 2010). 
Tribolium castaneum is one of the most destructive 
beetle pests of stored products and a major pest of 
cereals worldwide especially in tropical and sub-tropical 
regions (Islam and Talukder, 2005). Damage to 
agricultural crops both in the field and during harvest and 
storage due to fungi is also very considerable as it 
reaches billions of dollars around the world (Kendrick, 
1992). Insects, nematodes, fungi, and microorganisms 
constantly compete with humans for these commodities. 
In a closer look, interactions of these organisms might be 
more complicated. The stored wheat flour is subjected to 
invasion with the red flour beetle, Tribolium castaneum  

(Wakil et al., 2003). 
Some insect species, including many pests, are 

particularly susceptible to infection by naturally occurring, 
insect-pathogenic fungi. These fungi are very specific to 
insects, often to particular species, and do not infect 
animals or plants. They are generally safe for the 
environment and thus considered to be among the most 
promising alternatives to chemical–based insect control 
(Sahayaraj and Tomson, 2010). Fungal growth favored 
by moist conditions but fungi also have resistant stages 
that maintain infection potential under dry conditions. 
Fungi have considerable epizootic potential and can 
spread quickly through an insect population and cause its 
collapse (Hoffmann and Frodsham 1993; Maria et al., 
2006; Sahayaraj and Tomson, 2010). Primary hosts of
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the majority of these fungi are aphids, whiteflies, leaf-
hoppers, flies, beetles, caterpillars, thrips, mites and some 
beetle larvae. 

The most recorded entomopathogenic fungi species 
were, Beauvaria bassiana, Asperigillus, Penicillium, 
Metarrhizium, Tolypocladium, Isaria, Lecanicillium 
Aschersoniabadia, Aachersonia marginata,   Aschersonia 
samoensis,   A. oxystoma,   A. placenta, A. confluens, 
Hypocrellasia mensis, Moelleriella raciborskii, Hypocrella 
calendulina, Paecilomyces cinnamomeus,  Conoideocrella 
tenuis and  Verticillium spp. (Lord, 2001; Shah and Pell, 
2003). Lawrence and Milner (1996) and Shah and Pell 
(2003) indicated that Ophiocordyceps unilateralis, O. 
myrmecophila, Torrubiella sp., Isaria sp., Paecilomyces 
lilacinus, Isariatenuipes, Gibellula pulchra, Nomuraeaa 
typicola, Hirsutella formicarum, Metarhizium sp., 
Akanthomyces pistillariiformis and Hirsutella citriformis 
are entomopathogenic fungi applied as biocontrol agents. 
In addition to the previously mentioned fungi, 
Akanthomyces, Aschersonia, Beauveria, Conoideocrella, 
Cordyceps, Gibellula, Hirsutella, Hymenostilbe, 
Hypocrella, Isaria, Metarhizium, Moelleriella, Nomuraea, 
Ophiocordyceps, Paecilomyces, Torrubiella and 
Verticillium are entomopathogenic fungi and associated 
with many insects. 

The goal of this work was to isolate and identify fungi 
naturally associated with T. castaneum and to study the 
effect of these fungi on their insect hosts and to keep 
them as stock for further research concerning biological 
control application. 
 
 
MATERIALS AND METHODS 

 
Source of wheat Flour samples 

 
Twenty-four wheat flour samples in paper packets of 1 Kg each 
purchased from Jazan local markets in Saudi Arabia were stored at 

room temperature (22 - 35C) and 65- 68% relative humidity for two 
years. The mean temperature and relative humidity were as follows; 
January daytime highest temperature was 88°F (31°C) and lowest 
was 71°F (22°C), while July had average daytime highest 
temperature of 104°F (40°C) and lowest of 86°F (30°C) (Bosly and 
Kawanna, 2014). At the end of the storage period, the flour was 
characterized with yellowish color and undesirable odors. The flour 
were checked for the presence of pests, insects and fungal species 
associated with or affecting them. 

 

 
Separation and identification of the affected insects 

 
The insects existing in the flour were separated and identified as 
Red flour beetle T. castaneum according to the key given by Hinton 
(1945) and Bousquet (1990). 
 

 
Isolation of fungi associated with the separated insects 

 
Isolation of fungi associated with the separated T. castaneum was 
done in three successive stages as follows: 

 
 
 
 
Separation of the affected insects 
 
The dead bodies of T. castaneum (60 individuals) separated from 
the flour using a silk sieve, were cleaned by the aid of camel 
hairbrush to remove the flour. The insect's dead bodies were 
inspected by the binuclear for any deformations or decomposition. 
The individuals exhibited abnormal deformation, decomposition and 
or superficial fungal growths were photographed by a (zoom in) 
digital camera.  
 
 
Incubation of the candidate insects 
 
The individuals of T. castaneum that showed decomposition or 
fungal growths were incubated to allow the emergence of fungal 
growth from both outside and inside the affected insects. For 
incubation, plastic Petri dishes (9 cm) each containing sterilized 
filter paper (Whatman No1) were used. Sterilized glass slide was 
fixed above the filter paper. Using sterilized fine tip forceps, the 
individuals were transferred and put above the slide. Two indivi-
duals were put on each slide. The filter papers were kept wet by 
dispensing 1 ml of sterilized distilled water according to  Dhingra 
and Sinclair (1985).The dishes were covered and sealed using para 
film and incubated at 25±2°C for 7 days. After elapse of the 
incubation period, insects were checked for emergence of fungal 
growth by the binuclear and the individuals that the fungi observed 
on their surfaces were labeled and used in the isolation experiment. 
 
 
Isolation and identification of the emerged fungi 
 
For isolation of the emerged fungi associated with the insects, Petri 
dishes (9 cm) containing PDA medium were used. Aseptically, 
small part of the fungal growth was taken from the surface of the 
insect body using a sterilized needle and transferred onto the 
surface of PDA medium in Petri dish. The dishes were labeled, 
sealed with parafilm and incubated at 25 ±2°C. The dishes were 
checked for fungal growth after 3 and 7 days. The emerged fungi 
were picked-up and transferred to new PDA medium plates, purified 
and identified following keys given by Ainsworth (1971), Ellis (1971 
and 1976), Barnett and Hunter (1972), Domsch et al. (1993)and 
Gadd et al. (2006). Frequency of each identified fungus was 
calculated according to the following equation: 
 

 
 
 
Light microscope examination 
 
To identify the emerged fungi, slides from cultures of any of the 
previously mentioned fungi grown on the PDA medium for 7 days 
were prepared, fixed, stained with lacto phenol-cotton blue and 
examined by light microscope (ModelZeizz AX10) and photographs 
were captured using AxioCamICc1 using the program 
(Axiovission4.8.2-06-2010). Stock cultures on PDA under paraffin 
oil were kept in a refrigerator at 5-10°C and sub-cultured onto fresh 
medium every 2-3 weeks. These will be the potential biological 
materials for further research and application. 
 
 

RESULTS  
 
Separation and identification of the affected insects 
 

The apparently healthy red flour beetle T. castaneum is 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
Number of fungal colonies for each fungusX 100

Total number of fungal colonies for the isolated fungi
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Figure 1. Photograph shows dorsal (left) and ventral (right) sides of the isolated 
non-infected T. castaneum. 

 
 
 

 
 

Figure 2. Photograph shows ventral side of T. 
castaneum at the beginning of infection by 
Verticilliumlecanii.  

 
 
 

 
 

Figure 3.  Different degrees of infection and 
colonization with Beauveriabassiana. 

 
 
 
represented in Figure 1. About 60 insect dead bodies of 
the T. castaneum checked for the different degrees of 
degeneration were separated from the stored wheat flour, 
inspected and photographed. The insects exhibited various 
morphological deformations as showed in Figures 2, 3, 4 
and 5. The most characteristic deformation was the separa- 

 
 

Figure 4. Photograph shows that the 
body of T.castaneumis already occupied 
by Beauveriabassiana. 

 
 
 

tion of the insect head (Figure 6), decom-position of their 
wings (Figure 7), legs (Figure 8) and the abdomen 
(Figure 9). Some parts of the insects dead bodies were 
covered with colored fungal growths that ranged from 
olive green, white, grey, brown to black. The fungal 
infection ranged from distributed colonies on the insect 
body (Figure 2) or parts of it covered with the fungal 
growth (Figures 4, 5 and 7). 
 
 
Isolation and identification of the fungi associated 
with the separated insects 
 
Isolation from the candidate insect samples showed 

emergence of fungal growths by incubation which resulted 
in isolation of nine fungal species belonging to eight 
fungal genera (Table 1). The fungi isolated were purified 
and identified to the generic and/or the species level 
according to their morphological characteristics.  
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Figure 5. Abdomen completely 
colonized by Hirsutellaversicolor. 

 
 
 

 
 

Figure 6. Photograph shows that the half of the dorsal T. 
castaneum decomposed and the head removed as a result of 
infection by Aspergillus flavus  

 
 
 

 
 

Figure 7. T. castaneum infected with 
Rhizoctonia solani. 

 
 
 
 

 
 

Figure 8. Photograph showing the 
decomposition of the lower part of the 
abdomen and the fungal growth of 
Sporothrix spp. that covers the frontal 
mouth parts. 

 
 
 

 
 

Figure 9. Decomposition of the abdomen 
and the T. castaneum dead body 
colonized by the fungal growth. 

 
 
 
Results indicate that B. bassiana and V. lecanii were the 
most dominant fungi among those isolated from red flour 
beetle of wheat flour samples collected from Jazan 
showing 28.1 and 26.6%, respectively, followed by 
Sporothrix spp. (14.1%), Hirsutella versicolor (9.4%), 
Granulomanus sp. (6.2%), modern Rhizoctonia solani 
and Moelleriella sp. (4.7%), Aspergillus fumigatus and A. 
flavus (3.1% ). 
 
 
Light microscopy 
 
The morphological features of the isolated fungi were 
studied through examination of slides prepared from the 
fungal colonies obtained on PDA medium. The prepara-
tions were stained by lactophenol-cotton blue and examined 
by light microscope at magnification 40x. The photographs 
are represented in Figure 10.  

 

 

 

Fig.6 
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Table 1.  Fungi isolated from T.castaneum samples by culturing on PDA medium and their frequencies. 
 

Isolated fungi Number of fungal colonies (%) Frequency * 

Aspergillus flavus 2 3.1 

Aspergillus fumigates 2 3.1 

Beauveria bassiana 18 28.1 

Hirsutella versicolor 6 9.4 

Modern Rhizoctonia solani 3 4.7 

Granulomanus sp 4 6.2 

Nomuraeacy lindrospora 3 4.7 

Sporothrix spp 9 14.1 

Verticillium lecanii 17 26.6 

Total 64 100 
 

 
 
 
 

 
 

Figure 10. Light photographs (40X) showing the morphology of the fungi isolated from the 
candidate samples of Tribolium castaneum stained with lacto phenol-cotton blue: Verticillium 
lecanii (a); modern Rhizoctonia solani (b); Aspergillus flavus (c); Aspergillus fumigatus (d); 
Beauveria bassiana (e); Nomuraeacy lindrospora (f); Hirsutella versicolor (g); Sporothrix sp. (h) 
and Granulomanus sp. (i) 

 

 

          

∗ 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
Number of fungal colonies for each fungusX 100

Total number of fungal colonies for the isolated fungi
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DISCUSSION 
 

Several studies confirmed the development and survival 
of T. castaneum in wheat flour (Khattak and Shafique, 
1986; Shafique et al., 2006; Bosly and Kawanna, 2014). 
Infestation by insects encourages growth of fungi including 
those that produce mycotoxins, and results in contamination 
of commodities with insect bodies and waste products 
etc. The diversity and distribution of entomopathogenic 
fungal species depends on environmental conditions, 
diversity of insect species and their hosts. Dispersal of 
the fungus probably played an important role in the co-
evolution with its insect host and the co-evolution of the 
insect with its plant host (Chaverri et al., 2005). The high 
moisture and diversified and plentiful insects in tropical 
countries, especially those like our country (KSA) provide 
ideal conditions for the entomopathogenic fungi to 
develop as stated in Gadd et al. (2006). Previously, Shah 
and Pell (2003) indicated that the dead insect's body 
infected with an entomopathogenic fungi may be firm and 
"cheese-like" or an empty shell, often but not always with 
cream, green, red, or brown fungal growth, either enveloping 
the body or emerging from joints and body segments. 
Incubation of the candidate insects for 7 days at 25±2°C 
resulted in emergence of fungal growths on the surface of 
some incubated insects dead bodies. On the other hand, 
the rest of the incubated insects still clean even after 
prolonged incubation period to 14 days. Gabartya et al. 
(2014) described that B. bassiana and M. anisopliae are 
entomopathogenic and their infection begins when conidia 
(asexual spores, the seeds of a fungus) attach to insect's 
cuticle, the spores germinate and penetrate the insect's 
skin and enter the host. Once the fungus penetrates the 
host it produces toxins that overcome the insect immune 
system and the hyphae penetrate through the cuticle to 
the outside and cause white (B. bassiana) or green (M. 
anisopliae) sporulation on the insect's body. The obtained 
results about those fungi indicate that invading insects 
occurred by penetrating their cuticle or "skin." Once 
inside the insect, the fungus rapidly multiplies throughout 
the body. Death is caused by tissue destruction and, 
occasionally, by toxins produced by the fungus. The 
fungus frequently emerges from the insect's body to 
produce spores that, when spread by contact with other 
insects, can spread infection (Moino et al., 2002). Another 
explanation is the fungi secondary metabolites that 
increase the chance of insect death (Fan et al., 2013). 
The previously mentioned fungi have the ability to 
decompose cuticle layer to be able to penetrate the 
insect body and colonize it leading to death of these 
insects. The fungi act through the insect integument in 
several ways. Long chain hydrocarbons help in or play an 
important role in initial attachment of the entomopa-
thogenic fungal spores to cuticle given that such dry 
phialocondia attach in nonspecific manner through 
hydrophobic interaction (Lord, 2001 and 2009; Shah and 
Pell, 2003). The chemical, biological or physical treatments  

 
 
 
 
for controlling the insects during storage may contribute 
towards reducing spread of fungal spores within the 
storage system (Huang et al., 1997; Athanassiou et al., 
2008; Brijwani et al., 2010; Mohale et al., 2010; Beckett, 
2011; Villers, 2014). 
 
 
Conclusion 
 
The natural death of the insects separated from the 
stored wheat flour gave us the idea of this investigation 
and the further studies of biological control of the red 
wheat flour T. castaneum. The fungi were isolated from 
insects naturally exhibiting different degrees of deforma-
tion, decomposition and superficial fungal growth. The 
more destructive fungal genera that is B. bassiana, H. 
versicolor, Sporothrix sp. and V. lecanii preserved for 
further study which will concern biological control of T. 
castaneum 

It can be also be concluded that, storage of wheat flour 
under Jazan conditions which is characterized by high 
temperature and humidity resulted in the presence of T. 
castaneum. Moreover abnormal deformation, decompose-
tion and or superficial fungal growths flour should be 
stored in conditions to prevent the flour from attracting 
insects and fungi to avoid the loss of flour and the health 
damage resulting from the usage. 
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