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Abstract

Aphids are one of the major insect pests of greenhouses and field crops worldwide. Several species of entomopathogenic
fungi (EPF), including Lecanicillium spp. Beauveria bassiana, Isaria fumosorosea and Metarhizium anisopliae, have been
developed commercially to control aphid species. However, there are no commercial products based on EPF that have
been registered in Iraq. This study, therefore, was conducted to evaluate the virulence of four isolates of EPF, including, B.
bassiana, Lecanicillium lecanii, M. anisopliae and Chaetomium globosum to select the highly virulent ones against the
greenhouse aphids. Although the isolate of L. lecanii had the highest virulence against all tested aphid species in the
laboratory bioassay, Myzus persicae Sulz and Aphis gossypii Gloy were more susceptible than Aphis fabae and Macrosiphum
euphorbiae to infection with L. lecanii. Mortality caused by L. lecanii 7 days post-treatment with 108 conidia ml−1 was 100%.
Further experiments in the greenhouses showed that L. lecanii significantly reduced the density of both M. persicae and A.
gossypii 5 days after fungal applications. This isolate shows a promise for development of an alternative control agent
against M. persicae and A. gossypii in Iraq.
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Background
Vegetable production in greenhouses is very common in
Iraq, providing plentiful food and ornamental crops;
however, this allows for a rapid spread of insect pests
and microbial diseases. Aphids (Hemiptera: Aphididae)
are some of the most serious and damaging insect pests,
because they cause direct damage by feeding directly on
crops and indirectly damage them through virus trans-
mission (Blackman and Eastop 2007). In Iraq, aphids
seriously impact several greenhouse crops, especially
cucumber, eggplant, tomato and potato (Tarek 2013).
The melon aphid (Aphis gossypii), the green peach aphid
(Myzus persicae), the potato aphid (Macrosiphum
euphorbiae) and the black bean aphid (Aphis fabae) are
four of the most common and important aphid pest spe-
cies of greenhouse crops in Iraq (Jasman et al. 2016). All
these aphid species are extremely polyphagous and

vectors of large numbers of plant viruses (Chan et al.
1991). Chemical insecticides are the most common con-
trol method of aphid species, but their use results in
insecticide residues, high levels of insecticide resistance
and high costs (Bielza 2008; Gao et al. 2012). These diffi-
culties in using synthetic insecticides to manage aphid
populations have led to a growing interest in novel and
effective alternatives like biological control including the
use of entomopathogenic fungi (EPF).
There is an interest in the commercial development of

EPF (Milner 1997) because they have the capability to
infect aphids under natural conditions (Latgé and
Papierok 1988; Hajek and St Leger 1994). There are
about 60 biocontrol products, including 38 species or
varieties of EPF, which have been developed and used as
biocontrol agents against insect pests around the world
(Faria and Wraight 2007). However, there are no com-
mercial microbial pesticides based on EPF registered to
control aphids in Iraq. Natural epizootics of aphids are
usually caused by entomophthoralean fungi such as
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Pandora neoaphidis (Roy et al. 2005) as well as by hypo-
crealean fungi such as Lecanicillium spp. and Beauveria
bassiana (Milner 1997; Li and Sheng 2007).
Many research studies have been conducted on the

potential control of aphids with EPF. Kim and Kim
(2008) tested the efficacy of six isolates of EPF collected
in Korea, including B. bassiana, Isaria fumosorosea and
Lecanicillium attenuatum against the cotton aphid, A.
gossypii. An isolate of L. attenuatum CS625 had the
highest virulence against A. gossypii. Various isolates of
EPF such as Lecanicillium lecanii, Isaria farinosus, B.
bassiana, Metarhizium anisopliae, Cordyceps scarabaei-
cola and Nomuraea rileyi were screened for controlling
A. gossypii and M. persicae. Among the tested ones, L.
lecanii showed the highest virulent pathogenicity for
both A. gossypii and M. persicae (Vu et al. 2007). In
addition, B. bassiana and I. fumosorosea showed high
efficacy against Phorodon humuli (Schrank) (Dorschner
et al. 1991), Aphis craccivora Koch and Bemesia tabaci
(Gennadius) (Zaki 1998). Mesquita et al. (1996) reported
that different species/isolates of EPF induced similar
mortalities in the Russian wheat aphid (Diuraphis noxia)
even though these isolates were from different host
insects. In contrast, Vandenberg (1996) found that iso-
lates of any individual fungal species had different effi-
cacy against the same cohort of the host aphid.
Despite the many studies in other countries around

the world, there are few studies on the control of aphids
with EPF in Iraq. Thus, the objective of this study was to
evaluate different isolates of Iraqi EPF that originated
from different insect hosts, against the greenhouse
aphids in the laboratory. Based on the efficacy results of
the laboratory trials, the best isolate was evaluated
against A. gossypii and M. persicae on cucumber in
greenhouse trials.

Materials and methods
Aphid culture
Colonies of M. persicae, M. euphorbiae, A. gossypii
and A. fabae were collected initially from the green-
houses at the Faculty of Agriculture, University of
Kufa, Iraq, in 2016. The aphids were identified under
a light compound microscope, using polyphagous
aphid keys (Blackman and Eastop 2000). Aphid
cultures were established on their main host plants
(M. persicae on cucumber, A. gossypii on melon, A.

fabae on beans and M. euphorbiae on potato) in 45 ×
45 × 45 cm cages at 23 ± 2 °C and with 16:8-h daily
photoperiod for several generations. Plants were
replaced every 2 weeks by healthy 4–5-week-old
plants. To produce even-aged nymphs, adult aphids
were transferred onto 2-week-old cucumber leaves
with a fine camel hair brush and maintained on the
plant for 6 h. The adults were then removed and the
newborn nymphs were left to develop on the cucum-
ber leaf until use.

Source and preparation of fungal isolates
Four isolates of EPF (Table 1) were used in this study.
Isolates were never isolated more than three times from
the source and culture methods followed (Vu et al.
2007). The EPF were cultivated on potato dextrose agar
(PDA) or Sabouraud’s agar at 25 °C. Aerial conidia were
harvested from 10-day-old cultures by adding 12 ml of
0.02% Tween 80 to culture agar plates and gently scrap-
ing the surface of the cultures with a sterile inoculating
loop to dislodge the conidia from the surface of the agar
plates. The conidial suspension was pipetted from the
plate and filtered through three layers of cheesecloth.
The number of conidia in the suspension was deter-
mined using a haemocytometer (Neubauer improved,
Superior Marienfeld, Germany). The resulting suspen-
sion was diluted to the desired concentrations with
0.02% Tween 80 (BDH Chemicals Ltd., Poole, UK) as
required. The viability of the conidia was determined by
spraying 0.1 ml of 1 × 106 conidia ml−1 on a sterile Petri
dish with 1.5% Sabouraud dextrose agar (SDA). The
dishes were sealed by a parafilm and incubated at 20 °C,
90 ± 2% RH and a photoperiod of 16:8 (L:D) h. After
24 h, the number of germinated spores per 100
spores of each plate was assessed under the micro-
scope (400× magnification). Germination was consid-
ered positive when the length of the germ tube was
at least half the spore length. The viability exceeded
90% for all isolates.

Obtaining a uniform age of aphids
In order to produce even-aged third instar nymphs of
each aphid species for use directly in all bioassays, adult
aphids were transferred from the stock cultures onto
3-week-old cucumber (20 adults per plant) using two
3-cm-diameter clip-cages and were allowed to produce

Table 1 Original host and geographical origin of Iraqi entomopathogenic fungi used in this study

Species Original host Geographic origin and date of isolation

B. bassiana Hemiptera: Scutelleridae: Eurygaster integriceps Najaf, 2009

L. lecanii Hemiptera: Aphididae: Myzus persicae Basra, 2011

M. anisopliae Coleoptera: Tenebrionidae: Tribolium castaneum Baghdad, 2007

C. globosum Lepidoptera: Bombycidae: Bombyx mori Najaf, 2014
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nymphs for 12 h in a growth chamber at 20 °C, 75 ± 2%
RH and a photoperiod of 16:8 (L:D) h. The adults were
then removed and the offspring counted (50 nymphs
were retained per plant) and allowed to develop on the
plants for four additional days before the beginning of
each experiment. If the number of nymphs was less than
50 per plant, the adults were kept on the leaves for
another 12 h until they produced a total of 50 nymphs.

Screening bioassay
Two millilitres of conidia suspension (107 conidia ml−1) of
each isolate was applied by a handheld sprayer onto the
4-week-old potted cucumber, which contained 50 third in-
star nymphs. A formulation of B. bassiana (Naturalis-L®
by Fargro Ltd., UK) was included in the tests as a refer-
ence. Controls were sprayed with sterile 0.001% aqueous
Tween 80 without conidia. The cucumber plants were
air-dried on a bench top at room temperature for 1 h.
Each cucumber leaf was cut from the treated cucumber
plant and was placed on a 9-cm Petri dish that had a
dampened filter paper on the bottom and 1-cm hole
covered with nylon mesh on the lid. The Petri dishes were
randomly placed in Plexiglas cages (35 × 40 × 35 cm) and
were maintained at 20 ± 1 °C, ≥ 90% RH and a photo-
period of 16:8 (L:D) h. Aphid mortality was recorded after
1, 3, 5 and 7 days. Dead aphids were surface sterilised by
rinsing twice with 70% ethanol for 30 s and then with ster-
ilised distilled water and thereafter placed on water agar
(3 g of agar/l of water) in Petri dishes for 5 days to confirm
infection by EPF (Mohammed and Hatcher 2016). A
cadaver was regarded as dead from infection by these
fungi if the conidia were recovered from it. The entire
experiment was repeated three times, giving a total of 30
replicates per treatment for each aphid species.

Multiple-dose bioassays of selected isolates against aphid
nymphs
L. lecanii was selected, based on results of the
single-dose screen, for more detailed multiple-dose bio-
assays against M. persicae and A. gossypii (highly suscep-
tible aphid species). This experiment followed the
method described in the ‘Screening bioassay’ section, ex-
cept that the suspensions of L. lecanii sprayed onto cu-
cumber plants contained different concentrations of
conidia (1 × 104, 1 × 105, 1 × 106, 1 × 107, or 1 × 108 co-
nidia ml−1). Aphid mortality rate was recorded after 1, 3,
5 and 7 days. The entire experiment was repeated twice,
giving a total of 20 replicates per treatment for each
aphid species.

Efficacy of L. lecanii against M. persicae and A. gossypii on
cucumber in the greenhouse
L. lecanii was identified as the most virulent EPF in the
laboratory and was selected for further assessment in a

greenhouse experiment on cucumber plants infested
with M. persicae or A. gossypii. The experiment was car-
ried out in 16 4 × 6 m greenhouses from 6 February until
10 May 2017 at the Faculty of Agriculture, University of
Kufa, Iraq. The treatments were as follows: (1) plants
infested with M. persicae and exposed to L. lecanii:
20 ml per plant containing 1 × 108 conidia ml−1, applied
using a Diaphragm CP 15 sprayer (Agratech NW Ltd.,
Waterfoot, Lancashire, UK); (2) plants infested with A.
gossypii and exposed to L. lecanii similar to (1); (3)
plants infested with M. persicae and exposed to 20 ml of
sterile water and 0.02% Tween 80 per plant (control);
and (4) plants infested with A. gossypii and exposed to
water and Tween 80 similarly to (3) (control). Each
treatment was replicated four times in a randomised
complete block design. Each of the four blocks included
four different treatment plots, and each plot (consisting
of 40 plants) was contained in one greenhouse. The
average high and low daily temperature and relative
humidity were recorded using a data logger (Tinytag
Explorer 4.8, Gemini Data Loggers (UK) Ltd., Chichester,
UK), and these were 28.9 ± 3.2 °C and 14.2 ± 2.1 °C, and
93.5 and 40.8% RH, respectively, during the experiment.

Statistical analysis
Statistical analyses were carried out using GenStat
(version 16; VSN International, Hemel Hempstead,
UK). Normality of data distribution was estimated
using a Shapiro–Wilk test (W test). The data were
transformed using arcsine square root when it was
necessary to meet the assumption of normality. For
the screening test, aphid mortality data were cor-
rected for natural death in the control using Abbott’s
formula (Abbott 1925), then analysed using a general-
ised linear model with binomial errors. The effect of
conidial concentration on the mortality of M. persicae
and A. gossypii was analysed separately for each aphid
species using a generalised linear model with binomial
errors. For the greenhouse experiment, one-factor re-
peated measurement analysis ANOVA was used to
determine the effect of L. lecanii against each aphid
species. Mean comparisons were performed using
Tukey’s test at 5% level of significance (P < 0.05).

Results and discussion
Screening tests
The results of a bioassay to determine the virulence
of various EPF at 107 conidia ml−1 against M. persi-
cae, A. gossypii, A. fabae and M. euphorbiae are
depicted in Fig. 1. Corrected mortality varied accord-
ing to the fungal isolate (F (4,140) = 95.72; P < 0.001)
and aphid species (F (3,140) = 69.59; P < 0.001). L. leca-
nii originally isolated from an aphid was the most
virulent one, among those tested, with the others
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being collected from the sunn pest, beetles and moths
(Table 1). For control of M. persicae, L. lecanii caused
80% mortality in 7 days, while the other fungal iso-
lates including commercially registered isolate B.
bassiana ATCC 74040 attained 35–67% (Fig. 1a). For
A. gossypii control, L. lecanii induced 82% corrected
mortality in 7 days, whereas the other fungal strains
induced a corrected mortality ranged between 50 and
72% at the same time (Fig. 1b). For A. fabae and M.
euphorbiae controls (Fig. 1c, d), the virulence of L.
lecanii, B. bassiana and Naturalis-L were insignifi-
cantly different (P ˃ 0.05), but were significantly
higher than those of M. anisopliae and C. globosum
(P < 0.05). Aphid mortality rate in control treatments
ranged between 4 and 7%.
In this study, L. lecanii was originally isolated from an

aphid host, supporting the hypothesis that fungal strains
isolated from closely related insect hosts would have
higher efficacy than isolates from phylogenetically dis-
tant hosts. This confirms the findings of Vu et al. (2007)
who reported that the virulence of strains L. lecanii
41185 and 6541, which were originally isolated from
aphid hosts, were significantly higher than those of the
other tested fungi for both M. persicae and A. gossypii.
To be a successful candidate for use in greenhouse

crops, isolates should provide effective control of mul-
tiple aphid species. The results of the present study indi-
cated that efficacy of EPF depends not only on the tested
isolate but also on the target aphid species, where M.

persicae and A. gossypii were more susceptible than A.
fabae and M. euphorbiae to infection with tested isolates
under laboratory conditions (Fig. 1). Similarly, Harper
and Huang (1986) found that V. lecanii caused a 60–
90% mortality of Aphis pisum, 32–85% of M. dirhodum,
that of M. persicae by 50–100% and that of Trialeurodes
maculate by 37–75%. In addition, Helen et al. (2003)
reported that A. fabae was more susceptible than M.
persicae to the infection with the same fungus in the
same environmental conditions.

Effect of conidial concentration on mortality of M.
persicae and A. gossypii
L. lecanii was chosen to examine the effect of various
conidial concentrations on the mortality rate of M.
persicae and A. gossypii. The results showed that co-
nidial concentration of L. lecanii significantly affected
the mortality rate of both aphid species 7 days
post-spraying (M. persicae F (3,105) = 134.05; P < 0.001;
A. gossypii F (3,105) = 124.37; P < 0.001). The control
values for aphids treated with 1 × 108 conidia ml−1

were much higher than those of 1 × 107, 1 × 106, 1 ×
105 and 1 × 104 conidia ml−1 for both M. persicae and
A. gossypii (Fig. 2). The interactions between fungus
concentration and time after application were not sig-
nificantly different (P ≥ 0.05). Aphid mortality rate in
control treatments ranged between 4 and 7.6%.
It is very important to determine the optimal concen-

tration of fungal conidia for spray applications to reduce

Fig. 1 The corrected mortalities (mean ± SE) of a A. gossypii, b M. persicae, c A. fabae and d M. euphorbiae treated with conidia of four isolates of
entomopathogenic fungi and commercial formulation (Naturalist®) at 20 °C and 80% RH. The conidial concentration of each fungal isolate used
for treatment was 1 × 107 conidia ml−1
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the overall cost of insect pest control while achieving a
high level of control. The results of the present study
showed that 1 × 108 conidia ml−1 was the recom-
mended dosage to spray to control aphids under
greenhouse or field conditions. The results obtained
in the present study are consistent with those of Vu
et al. (2007) who reported that the control values for
M. persicae treated with 1 × 108 conidia ml−1 of L.
lecanii 41185 were much higher than those of 1 × 106,
1 × 105 and 1 × 104 conidia ml−1.

Efficacy of L. lecanii against M. persicae or A. gossypii in
the greenhouse
Before exposure to L. lecanii, there was insignificant dif-
ference in the number of aphids in cucumber plants
infested with either M. persicae or A. gossypii in all
greenhouses (F (1,48) = 0.81; P = 0.544). Plants that were
treated by L. lecanii showed a significant reduction in
the number of M. persicae (F (1,48) = 44.24; P < 0.001)
and A. gossypii (F (1,48) = 41.83; P < 0.001) between 5 and
20 days post-spraying, compared with the control treat-
ment (Fig. 3).

The greenhouse results further supported the efficacy of
L. lecanii in the laboratory, resulting in a reduction of aphid
population for both A. gossypii and M. persicae significantly
higher than the controls. The significant reduction in aphid
populations was not evident until 5 days post-treatment; it
lasted for a week, and then, aphid populations began in-
creasing again. This time lag in the onset of insect mortality
was similar for other studies with L. lecanii or other isolates
of EPF (Kim et al. 2007; Wu et al. 2013). There are two pos-
sible reasons to explain the short-term effect of fungal treat-
ment in reducing aphid populations in the greenhouse.
One of the most important limitations in the use of EPF for
the control of insect pests, which explain the short-term
effect of fungal treatment in reducing aphid populations
under greenhouse conditions, is that poor environmental
conditions such as high or low temperature, UV light, rain-
fall and relative humidity during the treatment period are
known to affect spore germination and penetration of the
aphid host by entomopathogenic fungi (Mohammed and
Hatcher 2016) and/or the persistence of the conidia applied
on foliage (Maniania et al. 2003). For example, Daoust and
Pereira (1986) reported that conidia of M. anisopliae and B.

Fig. 2 The effect of conidial concentration of L. lecanii isolate and days after fungal application on the cumulative mortalities (± SE) of a M. persicae
and b A. gossypii
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bassiana persisted for only 12 days on cowpea leaves after
application. In addition, Shrestha et al. (2015) found
that the cumulative percentage decline in the conidial
population of B. bassiana was (92%) within 11 days
post-spraying. Although persistence was not tested in
the present study, obtained results suggested that L.
lecanii was able to persist for 2 weeks in the green-
house after spraying. Based on these observations,
application of L. lecanii every 2 weeks could provide
a potential control of both A. gossypii and M. persicae
populations on greenhouse crops.

Conclusions
Obtained results showed that an Iraqi domestic isolate
of L. lecanii was the most virulent to both A. gossypii
and M. persicae populations in the laboratory and under
greenhouse conditions when applied at a rate of 1 × 108

conidia ml−1. These results suggested that this isolate
had the potential for development as a microbial biopes-
ticide and can be included in integrated pest manage-
ment programs designed for controlling the populations
of green peach and cotton aphids in Iraqi agricultural
systems.
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