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Summary. The natural occurrence of fungal pathogens of aphids and their ecological host range was investigated in Tunisia
from 2009 to 2012. The survey focused on aphid infesting different crops and weeds and included 10 different aphid
species. Samples were collected from eight agricultural crops sites belonging to three different bioclimatic zones.
Four pathogens from the phylum Entomophthoromycota were found to occur naturally in Tunisian ecosystems:
Pandora neoaphidis (Entomophthorales: Entomophthoraceae), Entomophthora planchoniana (Entomophthorales:
Entomophthoraceae), Conidiobolus obscurus (Entomophthorales: Ancylistaceae) and Neozygites fresenii (Neozygitales:
Neozygitaceae). The occurrence of entomophthoralean fungi depended on the sampling area, the bioclimatic zone, and
aphid species. P. neoaphidis and E. planchoniana were the predominant pathogens infecting a wide range of aphid species
whereas C. obscurus and N. fresenii were sporadically present on a limited number of aphid species. This study is the first
survey on ecological host range of entomophthoralean fungi in Tunisia, and the first documentation of C. obscurus and N.
fresenii to occur in Tunisia and Maghreb Region.

Résumé. Première étude écologique de la gamme d'hôtes de pathogènes (Phylum Entomophthoromycota) de
pucerons en Tunisie. L’observation des champignons pathogènes de pucerons et de leur gamme d’hôtes dans
l’écosystème agricole tunisien a été menée durant quatre années de 2009 à 2012. Les prospections ont porté sur dix
espèces de pucerons inféodées à plusieurs cultures et mauvaises herbes. Les échantillons ont été prélevés dans huit sites
appartenant à différentes zones bioclimatiques. Quatre espèces fongiques du phylum Entomophthoromycota ont été
répertoriées : Pandora neoaphidis (Entomophthorales : Entomophthoraceae), Entomophthora planchoniana
(Entomophthorales : Entomophthoraceae), Conidiobolus obscurus (Entomophthorales : Ancylistaceae) et Neozygites
fresenii (Neozygitales : Neozygitaceae). L’occurrence des espèces fongiques est variable selon la station
d'échantillonnage, la zone bioclimatique et l‘espèce de puceron. P. neoaphidis et E. planchoniana sont les pathogènes
majeurs infectant un large éventail d'espèces tandis que C. obscurus et N. fresenii sont sporadiquement observées sur un
nombre limité d’espèces. Ceci est la première étude écologique de la gamme d'hôtes des champignons entomophthorales en
Tunisie, avec le premier signalement de C. obscurus et N. fresenii en Tunisie et au Maghreb.

Keywords: Entomophthoralean fungi; epizootics; occurrence; seasonal infection; biological control

Aphids (Hemiptera: Aphididae) are worldwide pests of
forestry, agricultural and horticultural crops (Blackman &
Eastop 1984). They cause direct damage as phloem fee-
ders and indirect damage by depositing honeydew and
transmitting plant viruses (Brault et al. 2007; Dedryver
et al. 2010). In Tunisia, aphids are among the most serious
pests in agriculture (Jarraya 2003; Boukhris-Bouhachem
et al. 2007; Harbaoui et al. 2008). Entomopathogenic
fungi are some of the most important natural enemies of
aphids. In temperate climatic zones, most aphid pathogens
found belong to the phylum Entomophthoromycota
(Humber 2012) and so far 30 entomophthoralean species
have been described to infect aphids (Barta & Cagan
2006a). Most of these species are obligate aphid

pathogens from the orders Entomophthorales and
Neozygitales (Humber 2012). They often cause epizootics
within their host population, which makes them interesting
as future agents for biological control (Eilenberg 2002;
Steinkraus 2006; Keller 2007). Entomophthoralean fungi
have been found worldwide on aphids (Hatting et al.
2000; Barta & Cagan 2006a, 2006b; Scorsetti et al.
2007); however, very limited information about insect
pathogenic fungi on aphids from the Maghreb Region
and the rest of North Africa is available (Abdel-Mallek
et al. 2004). In Tunisia, so far, only two Entomophthorales
species, Pandora neoaphidis (Remaudière & Hennebert) and
Entomophthora planchoniana Cornu have been reported to
infect Sitobion avenae (Fabricius) andMyzus persicae Sulzer
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(Ben Fekih et al. 2013). In this paper, we provide for the first
time information on the natural occurrence and ecological host
range of entomophthoralean fungi on aphids on agriculturally
important crops and weeds sampled from several localities in
three different climatic conditions over four years in Tunisia.

Material and methods

Sampling sites
The survey was conducted in eight localities in Tunisia
(Figure 1) belonging to three different climatic zones (Table 1).
Sampling was done weekly in two localities at the northeast
coast (Soliman, semi-arid zone and Douala, sub-humid zone),
fortnightly in one locality in the northwest (Beja, sub-humid
zone) and in one locality in the center of the country
(Kairouan, arid zone). Occasionally the investigation involved
four additional sites: Tunis (experimental and garden of the
National Institute of Agricultural Research), Manouba and two
other localities in the western part of Tunisia (Bousalem
and Kef).

Aphid species sampled
Aphids were sampled at regular intervals from potato, peach, and
barley, to look for entomophthoralean infection, while more
occasionally aphids associated to Faba bean, wheat, pepper and
weeds (sow thistles) were sampled. The sampling included in
total 10 aphid species from the family Aphididae:
Rhopalosiphum padi (L.), Sitobion avenae, Rhopalosiphum
maidis (Fitch), M. persicae, Aphis gossypii Glover,
Macrosiphum euphorbiae (Thomas), Aphis fabae (Scopoli),
Acyrthosiphon pisum (Harris), Aphis craccivora Koch, and
Hyperomyzus lactucae (L.). Sampling was performed from
February to December over a four-year period from 2009 to
2012, with the most intensive sampling being performed between
March to June each year due to the aphid infestation season on
the target crops (potato, peach and barley). Depending on the
crop, 30 to 50 samples (leaves, stems or ears) infested with
aphids were sampled randomly, kept in ventilated boxes and
brought to the laboratory for microscope examination.

Fungal identification
Under binocular microscope, living aphids were picked up, placed
individually in plastic cups of 30 ml containing 1.5% of water-
agar and prepared for incubation at 20°C under LD 18:6 h. Plant
material was observed under binocular microscope for up to seven
days to allow the fungus development in the infected aphids. Both
aphid cadavers covered with visible fungal structures and dead
aphids with no external sign were carefully removed from the
plant substrate using sterile fine forceps for further examination.
The descending conidia method, described by Papierok and Hajek
(1997), was used to collect primary and secondary conidia. Aphid
cadavers (either with or without external sign of fungal infection)
were placed on a glass slide in Petri dishes of 90 mm diameter
with a filter paper moistened with distilled water. Incubation was
conducted from 5 to 48 h at 20°C to allow development of
conidiophores through the cuticle and discharge of conidia. The
discharged conidia were mounted in lactic acid, and the size and
shape of primary and secondary conidia were recorded using an
Olympus microscope at 400× magnification. Subsequently the
fungi were identified using the key by Keller (2006).

Results

Fungal identification

From a total of 5460 sampled aphids, 3256 cadavers were
recorded to have been killed by fungi from the phylum
Entomophthoromycota. Four entomophthoralean species
were found: P. neoaphidis and E. planchoniana,Figure 1. Geographical locations of aphid sampling sites.

Table 1. Sampling sites.

Code Sampling site Geographical coordinates Climatic zone

1 Soliman 36°42′53″N, 10°29′00″E Semi-arid
2 Douala 36°47′33″N, 10°37′46″E Sub-humid
3 Beja 36°44′06″N, 9°11′00″E Sub-humid
4 Kairouan 35°40′46″N, 10°05′29″E Arid
5 Tunis

(INRAT)
36°48′47″N, 10°10′53″E Semi-arid

6 Manouba 36°48′37″N, 10°06′43″E Semi-arid
7 Bousalem 36°37′09″N, 8°57′59″E Sub-humid
8 Kef 36°11′08″N, 8°42′52″E Semi-arid

2 I. Ben Fekih et al.
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previously reported to occur naturally in Tunisia (Ben
Fekih et al. 2013), and two entomophthoralean species
documented for the first time:

(1) Conidiobolus obscurus (Hall & Dunn)
Remaudière & Keller (Entomophthorales,
Ancylistaceae), characterized by globose pri-
mary conidia with pointed papilla and a rounded
tip. We measured primary conidia to be on aver-
age 32.6 ± 1.2 × 26.3 ± 1.4 µm. The secondary
conidia, morphologically similar to primary con-
idia, were on average 29.3 ± 1.4 × 25.4 ± 0.5
µm. Conidiophores were simple, unbranched.
The conidia are thus within the range of mea-
surement for C. obscurus provided by Keller
(2006), who reported primary conidia to be
29–53 × 23–47µm and secondary conidia to be
29–41 × 24–35 µm.

(2) Neozygites fresenii (Nowakowski) Remaudière
& Keller (Neozygitales, Neozygitaceae). The
pyriform primary conidia with a flattened base
were on average 22.7 ± 1.6 × 16.6 ± 0.6 µm.
Secondary conidia were attached to a capillary
conidiophores arising from primary conidia, and
measured on average 29.3 ± 2.1 × 13.1 ± 0.9 µm.
The conidia were thus little longer in comparison
to measurements provided by Keller (2006), who
reported primary conidia to be 18.2–21.5 × 14.5–
17.8 µm, and secondary conidia to be 19.7–27.2
× 11.2–13.7 µm.

Seasonal prevalence and ecological host range

Seasonal prevalence

Seasonal infection with fungi was observed during the
sampling period to reach epizootic development in April
and May. The first entomophthoralean infections were
recorded in March and fungal prevalence lasted to June.
However, a few cases of fungal infection were recorded as
late as in December. The frequency of the entomophthor-
alean species varied with the sampling locality (biocli-
matic zone) (Figure 2). From the 3256 infected cadavers,
P. neoaphidis and E. planchoniana were in general the
most common fungal pathogens found, representing
67.1% and 32.3% of all the infected aphids, respectively.
P. neoaphidis was recorded in all regions through mid-
March to beginning of June. Almost half of the aphids
collected in Soliman were infected by entomophthoralean
fungi: 48.7% of 890 infected cadavers gathered through-
out the whole sampling season. E. planchoniana was
recorded in six different localities from April to mid-
June, reaching a highest and dominant position in
Kairouan (arid zone) with 40.7% of 647 infected cadavers.
C. obscurus and N. fresenii, which never were reported
from Tunisia before, were sporadically observed during
our survey since 2011 but they never reached high pre-
valence. C. obscurus was recorded in three localities:
Soliman (0.3%), Douala (0.7%) and Kairouan (0.1%) dur-
ing May 2011 and June 2012. Infection with N. fresenii
was recorded for the first time in February 2011. During
the sampling season, the pathogen was recorded during
April 2011 in Douala (0.3%) and May–June of 2011 in
Beja (0.1%).

Figure 2. Relative frequency of entomophthoralean fungi on the main sampling sites of aphids. Number of sampled aphids is
represented in the figure. Both Neozygites fresenii (N.f) and Conidiobolus obscurus (C.o) occur at low level. Percentage of each sporadic
fungus is represented according to the site.
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Ecological host range

The ecological host range differed between the fungal
species found (Table 2). P. neoaphidis was in
general predominant and was found on all aphid species.
E. planchoniana was observed on cereal associated aphids
(R. padi, S. avenae, and R. maidis), the green peach aphid
(M. persicae) and the cowpea aphid (A. craccivora).
C. obscurus was recorded from M. persicae and R. padi
only and N. fresenii was recorded from A. fabae and
R. padi only.

Discussion

This four-year survey gave significant new knowledge
about the natural occurrence and ecological host range of
entomophthoralean fungi in Tunisia. In total, four different
species from the two orders Entomophthorales and
Neozygitales were identified from aphids infesting agri-
cultural crops and weeds. This survey shows that in
Tunisian ecosystems, P. neoaphidis is the most abundant
pathogen, followed by E. planchoniana, C. obscurus and
N. fresenii. P. neoaphidis and E. planchoniana were docu-
mented on S. avenae and M. persicae, confirming the
findings by Ben Fekih et al. (2013). In the current study
both the number of aphid hosts and the sampling areas
(adding coastal and northwest regions) were expanded to
get an understanding of the natural occurrence of ento-
mophthoralean fungi infecting important pest aphids in
time and space. P. neoaphidis and E. planchoniana are
both widely distributed in Europe, North and South
Africa, North and South America and Asia (Hatting
et al. 2000; Abdel-Mallek et al. 2004; Barta & Cagan
2006a, 2006b; Scorsetti et al. 2007; Ben Fekih et al.
2013). The two widespread species, P. neoaphidis and E.
planchoniana, were found in all three bioclimatic zones:
sub-humid, semi-arid and arid. P. neoaphidis was

predominant in the sub-humid and semi-arid zones, and
E. planchoniana was most abundant in the arid zone
(Kairouan). The natural occurrence of both fungi accord-
ing to abiotic factors (humidity and temperature) seems to
be in agreement with previous reports where P. neoaphidis
was found more commonly in areas with high relative
humidity and moderate temperatures, while E. planchoniana
was found more commonly in dry and less humid environ-
ments (Nielsen et al. 2001; Barta & Cagan 2006a, 2006b).
P. neoaphidis in Tunisia had a longer infection season, start-
ing in autumn (October–November), but seems to be more
common in spring and infections could be found until the
beginning of summer (early June). The infection season of
E. planchoniana was shorter than of P. neoaphidis. The first
occurrence of E. planchoniana was recorded in spring and
lasted until mid-June, and like P. neoaphidis, E. planchoniana
had the ability to establish epizootics within its host
population.

This study reports, for the first time, C. obscurus on
M. persicae and R. padi in Tunisia. The pathogen has
already been recorded in North Africa (Egypt), South
Africa, North and South America and Europe (Hatting
et al. 2000; Abdel-Mallek et al. 2004; Barta & Cagan
2006b; Scorsetti et al. 2007). C. obscurus occurs at
low levels within populations of M. persicae and R. padi
(Table 2), and was not able to develop epizootic during the
four years this study lasted. C. obscurus had the same
infection season as E. planchoniana, a pattern previously
documented by Barta & Cagan (2006a).

N. fresenii was also reported for the first time in Tunisia,
on A. fabae and R. padi (Table 2). The pathogen was
recorded in coastal region (Douala) and in the northwest
region (Beja), both in the sub-humid zone. N. fresenii has a
global distribution (Remaudière et al. 1981; Silvie &
Papierok 1991; Sewify 2000; Barta & Cagan 2006a;
Scorsetti et al. 2007). Like for C. obscuruswe never observed
epizootic development of N. fresenii. Interestingly, previous

Table 2. Ecological host range of entomophthoralean fungal species infecting aphids in Tunisia.

Aphid species Host plant
Sampling
year(s)

No
sampled
aphids

No
infected
aphids

P.
neoaphidis

E.
planchoniana

N.
fresenii

C.
obscurus

Aphis craccivora Faba bean 2011 62 39 33 6 0 0
Aphis fabae Faba bean 2010–2011 382 115 111 0 4 0
Aphis gossypii Potato 2010 36 25 25 0 0 0
Acyrthosiphon pisum Faba bean 2011 82 23 23 0 0 0
Hyperomyzus lactucae Sow thistle 2011 20 8 8 0 0 0
Myzus persicae Peach, potato,

pepper
2009–2012 2241 1480 864 607 0 9

Macrosiphum
euphorbiae

Potato 2010–2011 57 27 27 0 0 0

Rhopalosiphum maidis Barley 2011 80 20 12 8 0 0
Rhopalosiphum padi Barley 2009–2012 890 519 402 111 2 4
Sitobion avenae Barley 2009–2012 1610 1000 680 320 0 0

4 I. Ben Fekih et al.
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studies from other countries highlighted the potential of N.
fresenii to establish epizootics among aphid populations in
hot, humid and almost tropical conditions (Steinkraus 1998;
Barta & Cagan 2006a; Keller 2006).

Conclusion

Our study highlights the natural occurrence of ento-
mophthoralean fungi on aphids in different bioclimatic
zones of Tunisia. P. neoaphidis and E. planchoniana are
the major aphid pathogens of aphids. C. obscurus and N.
fresenii are new records for Tunisia and the Maghreb
Region. The occurrence of entomophthoralean species
seems to be affected by their ecological habitat (abiotic
factors, the aphid host species and the plant host).
Therefore, it will be interesting to cover the full spectrum
of entomophthoralean fungi infecting aphids in Tunisia by
stratified quantitative sampling in time and space.
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