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Abstract

The occurrence of entomopathogenic fungi was investigated in irrigated vegetable fields and citrus orchards soils,
over a nine-month period (April-December 1999), using the Galleria bait method (GBM). Entomopathogenic
fungi were found to occur in 33.6% of the soil samples studied, with positive samples yielding 70 fungal isolates,
belonging to 20 species from 13 genera. Conidiobolus coronatus was the most frequent and abundant entomo-
pathogenic species recovered, comprising 31.4% of the total number of isolates. Soil pH, soil moisture content
and the geographical location had minor or no effect on the isolation of entomopathogenic fungi in the fields
studied. On the other hand, organic matter content of soil, and vegetation type were found to significantly affect
the occurrence of entomopathogenic fungi in soil habitats, with orchard fields yielding larger numbers of isolates
than vegetable fields. Using Koch’s postulates the pathogenicity of fungal isolates to Galleria larvae was found to
range from 16–100% (mortality rate). Isolates of C. coronatus proved to be the most virulent isolates recovered.
The effect of media and temperature on mycelial growth rate, conidial production and conidial germination of
six entomopathogenic fungal species (C. coronatus, Entomophaga grylli, Erynia castrans, Hirsutella jonesii,
Paecilomyces farinosus and Sporodiniella umbellata) was also studied. Mycelial growth rate, spore production and
spore germination were significantly affected by media, temperature and isolates. In view of the present results,
C. coronatus appears to be a good candidate for pest control in agricultural soils, as it has a wide tolerance to
agricultural practices, has frequently been isolated from both vegetable and orchard fields, and is characterized by
high mycelial growth rate, conidial production and conidial germination.
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method

Introduction

Entomopathogenic fungi are widely distributed in a
wide range of habitats including aquatic, forest, agri-
cultural and pasture habitats [1–4]. However, epizoot-
ics caused by entomopathogenic fungi in agricultural
habitats are more numerous, particularly in temperate
regions, than those in other habitats. Epizootics caused
by a range of genera, including Beauveria, Paecilomy-
ces, Sporodiniella, Stilbella, Hirsutella, Metarhizium
and Erynia have been reported on insect populations in
agricultural habitats [1, 5]. In fruit orchards in Israel,

* Published in 2003.

entomophthoralean fungi were considered to be im-
portant in controlling pest populations [6]. The highest
incidence of these fungi in temperate arable crops was
recorded during dry periods and peak incidence was
correlated with harvesting, which opened up the crop
canopy and exposed the larvae to soil-borne inoculum.

The infective propagules of entomopathogenic
fungi are dispersed in a variety of ways over varying
distances: movement of infected insects that come into
contact with non infected hosts, movement of oomy-
cete spores in water, by rain splash and by wind [7,
8]. Understanding the effects of environmental factors
on the efficacy (e.g., spore germination and mycelial
growth) of these fungi is necessary to maximize their
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potential [9]. Transmission of fungal diseases is often
highly dependent on ambient environmental condi-
tions; conidial formation, survival and germination
can also be influenced by temperature, humidity and
ultraviolet radiation [10].

A better understanding of soil ecology is essen-
tial to the development of mycopesticides for soil
inhabiting insects. Studies of the natural entomopath-
ogenic fungi can be used to help assess which isolates
are best suited to a particular environment, determine
which factors in that environment may be detrimental
to the persistence of the introduced entomopathogenic
fungus, and provide environmental data required for
registration of the entomopathogenic fungus [11].

Study of the growth factors of entomopathogenic
fungi is essential for mass production of spores. Ento-
mopathogenic fungi require oxygen, water, an organic
source of carbon and energy, a source of inorganic
or organic nitrogen, and additional elements such as
minerals and growth factors. Other essential macronu-
trients are phosphorous, potasium, magnesium and
sulpher [11].

The present work was aimed at investigating the
virulence and the biodiversity of entomopathogenic
fungi in agricultural fields in the northern part of the
Palestinian area in relation to edaphic factors including
pH, moisture content and organic matter, and cropping
practices. It was also aimed at studying the effect of
different standard agar media and temperature on my-
celial growth, spore production and spore germination
of selected isolates of the entomopathogenic fungal
species recovered.

Materials and methods

Sampling sites and collection of soil samples

Soil samples were collected from 140 irrigated fields
located in Jenin, Tulkarm, Qalqilia, and Nablus dis-
tricts (northern West Bank, Palestinian Authority) dur-
ing the period between April and December 1999. The
fields had been under either fruit trees, or vegetables
for more than ten years. Twenty five fields under ve-
getables and 10 fields under fruit trees were surveyed
from each district.

On each sampling occasion, four 0.5–l soil samples
were collected from a depth of 5–20 cm with a trowel
from an area of 16 m2 in each field, placed in clear
plastic bags (31 × 20 cm), sealed with a rubber band
and brought back to the laboratory. The four samples

were combined, mixed thoroughly, and coarse debris
(pebbles, twigs) removed. All soil samples were pro-
cessed within 24 hours of collection. Soil moisture
content was determined using a hot-air oven at 105 ◦C
for 24 hours. Soil pH was measured using the method
of Schofield and Tayler [12]. Organic matter con-
tent was determined using the method of Weber [13].
The percentage of organic matter of the unknown soil
sample was determined using the following equation:
% organic matter = 14.97 − 0.3448 (%T) + 0.00201
(%T)2 where T is the transmittance was measured at
625 nm using a photoelectric colorimeter (Spectronic
21, Bousch & Lomb, made in USA).

Isolation of entomopathogenic fungi: Galleria bait
method

Fungi were isolated from soil samples using a “Gal-
leria bait method” (GBM) [14]. Insect (wax moth
Galleria mellonella) rearing was carried out follow-
ing the method of Zimmermann [14]. About 400 ml
of the composite soil sample were divided into two
equal parts (replicates). Each part was placed in 500
ml-plastic cup (with a cover) and three final instar
(250–350 mg) Galleria larvae were added to each cup.
The cups were perforated laterally to allow soil aera-
tion, and incubated up-side down at 25 ◦C in darkness.
Cups were turned and agitated daily to ensure that
the larvae came into maximum contact with the soil
[15]. The larvae were inspected once every two days
for a period of two weeks. Dead larvae were removed
and surface-sterilized in 1% sodium hypochlorite for 3
min, then washed three times in sterile distilled water
[2], plated on Malt extract agar, Difco (MEA) sup-
plemented with Rifampicin (75 mg/l). The cadavers
were scored for overt mycosis and the plates were in-
cubated at 25 ◦C in darkness [16]. If external fungal
growth was already visible, larvae were only rinsed
in sterile distilled water (to remove soil) [15] before
being plated on MEA.

Identifications of isolates were made using stand-
ard procedures with the aid of several taxonomic keys
[e.g., 1, 17–20]. Fungal isolates were preserved on
Potato dextrose agar, Difco (PDA) slants supplemen-
ted with 75 mg/l Rifampicin in 30 ml sterile screw-
caped culture tubes, kept in a refrigerator at 8-10 ◦C,
and were subcultured monthly.

Preliminary pathogenicity test (Koch’s Postulates)

The isolated fungus was first grown on MEA medium
for 10-12 days until the fungus reached sporulation.
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The final instar larvae of G. mellonella were held with
forceps and the dorsal larval surface was rolled across
a sporulating culture [21]. Infected larvae were trans-
ferred into 5 cm diameter Petri dishes with moistened
filter paper to encourage spore germination on the in-
sect cuticle. Lids of the Petri dishes were subsequently
sealed with strips of parafilm to maintain a suitable
relative humidity, and incubated at 25 ◦C in dark-
ness. Petri dishes with larvae were inspected daily
until larval death or pupation. Fungus recovery was
attempted using the above mentioned procedures and
the experiment was carried out three times to confirm
the pathogenicity of the fungus.

Characterization of common entomopathogenic
fungal isolates

Effect of nutrient media on mycelial growth. Mycelial
growth of fungal isolates was observed on different
agar media. The media tested were MEA, PDA, Sa-
bouraud dextrose agar (SDA), Yeast extract with SDA
(YSDA), Corn meal agar (CMA) and Czapek-Dox
agar (CZA) (all media were obtained from Difco, De-
triot, MI, USA). Media were dispensed in 90 mm
diameter Petri dishes and were centrally inoculated
with 8 mm agar plugs from 7-day-old PDA cultures of
fungal isolates. Three replicate dishes of each medium
for each fungal isolate were incubated for 7 days at
25 ◦C in darkness [22]. Radial mycelial growth was
then recorded as the mean of two perpendicular radii
minus the radius of the inoculum plug. Radial mycelial
growth rate was calculated in mm/day.

Effect of temperature on mycelial growth and spores
production. Radial mycelial growth was measured,
following the procedure outlined above, for six tem-
peratures including 10, 15, 20, 25, 30, and 37 ◦C
with three replicates/temperature combination on SDA
supplemented with chloramphenicol (50 mg/l). At the
end of the mycelial growth study (7 days), plates of all
isolates were incubated for one more week and then
assessed for spore-production. Spores were harvested
by flooding the plates with 10 ml of distilled water
and scraping the surface of the colonies with a glass
slide. The resulting suspensions were filtered through
a layer of sterile tissue papers and spore concentration
in the suspension from three colonies/temperature was
determined using a haemacytometer [22].

Effect of temperature on spore germination. The effect
of temperature on spore germination was tested by

Table 1. Soil characteristics of the surveyed fields

Vegetation No. of pH % organic % moisture

fields matter content

Jenin District

Citrus 10 7.13–7.61 0.26–3.2 17.4–26

Vegetables 25 6.83–7.59 0.25–4.21 16–33

Tulkarm District

Citrus 10 6.61–7.35 0.97–5.16 21–28

Vegetables 25 6.61–7.72 0.56–4.77 12.6–27

Qalqilia District

Citrus 10 6.61–7.35 0.62–5.16 21–28

Vegetables 25 6.61–7.72 0.56–4.77 12.6–27

Nablus District

Citrus 10 6.8–7.55 0.51–9.69 14.6–34.6

Vegetables 25 6.92–7.62 0.28–9.69 14–31

spread-plating 0.1-ml of spore suspension containing
3 × 106 spore ml−1 on MEA plates [23]. Inoculated
plates were sealed with strips of parafilm and incub-
ated at 10, 15, 20, 25, 30, and 37 ◦C in complete
darkness. Eighteen plates were used for each isol-
ate/temperature combination. After 24, 48 and 72 h,
six plates of each isolate/temperature treatment com-
bination were removed, and germination rates were
determined by examination of a minimum of 100
spores per replicate plate [24, 25]. A spore was con-
sidered germinated if the germ tube was at least as
long as the swollen conidium.

Statistical analysis

Data were analyzed using the univariate analysis of
variance (UNIANOVA) test to detect significance and
Student-Newman-Keuls (SNK) test (P > 0.05) for
mean separation. Readings of pH were grouped at 0.25
unit intervals, organic matter content readings were
grouped at 2 unit intervals, and readings of moisture
content were grouped at 6 unit intervals.

Results

Occurrence of entomopathogenic fungi. Entomopath-
ogenic fungi were found to occur in 33.6% (47 of
140) of the soil samples studied with positive samples
yielding 70 fungal isolates belonging to 20 species and
13 genera (Table 2). Conidiobolus coronatus was the
most abundant entomopathogenic species recovered
comprising 31.4% of the total isolates, followed by
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Table 2. Distribution and frequency (% positive samples) of entomopathogenic fungi in soil by geographical location, crop, and
percentage frequency of isolates

Fungal Species∗ Frequency of occurrence

Jenin Nablus Tulkarm Qalqilia Vegetable fields Orchards Total % F∗∗
(N = 35) (N = 35) (N = 35) (N = 35) (N = 100) (N = 40) (N = 140)

All species 31.4 42.9 31.4 28.6 29 45 33.6 100

Absidia cylindrospora 0 0 2.9 0 1 0 0.7 1.4

Aspergillus niger 2.9 0 2.9 5.7 3 2.5 2.9 7.1

A. ochraceus 0 0 2.9 0 1 0 0.7 1.4

Conidiobolus coronatus 14.3 25.7 0 0 7 17.5 10 31.4

Entomophaga grylli 0 2.9 0 0 1 0 0.7 1.4

Erynia castrans 0 0 0 2.9 0 2.5 0.7 1.4

Fusarium heterosporum 0 0 2.9 0 0 2.5 0.7 1.4

F. moniliforme 0 0 0 2.9 1 0 0.7 1.4

F. nivale 2.9 0 0 0 1 0 0.7 1.4

F. oxysporum 0 0 2.9 2.9 1 2.5 1.4 2.9

F. semitectum 5.7 0 5.7 5.7 6 0 4.3 10

F. solani 0 8.6 5.7 0 4 2.5 3.6 7.1

Gliocladium viride 5.7 0 0 0 0 5 1.4 2.9

Hirsutella jonesii 0 0 2.9 0 1 0 0.7 1.4

Mucor flavus 5.7 2.9 0 5.7 2 7.5 3.6 10

M. piriformis 0 0 0 2.9 0 2.5 0.7 1.4

Nectria ventricosa 2.9 2.9 0 5.7 3 2.5 2.9 5.7

Paecilomyces farinosus 0 2.9 0 0 0 2.5 0.7 1.4

Sporodiniella umbellata 0 0 8.6 0 0 7.5 2.1 7.1

Verticillium nigrescens 0 0 2.9 0 0 2.5 0.7 1.4

∗Total number of species = 20.
∗∗Percentage frequency %F= number of isolates of a species/total number of isolates of all species (70).

Fusarium semitectum (10), Mucor flavus (10), F. so-
lani (7.1), Aspergillus niger (7.1), Sporodiniella um-
bellata (7.1), Nectria ventricosa (5.7), F. oxysporum
(2.8) and Gliocladium viride (2.9) (Table 2). Other
species were only isolated once from soil samples.

Preliminary pathogenicity test of fungal isolates. Test
isolates showed varied degrees of pathogenicity to
Galleria larvae using Koch’s postulates. Pathogeni-
city (% mortality) ranged from 16 to 100 (Table 3).
Of the seventy fungal isolates recovered, isolates of
C. coronatus proved to be most virulent (87–100%)
followed by G. viride (78–84), A. niger (66–78), S.
umbellata (45–63) and Erynia castrans (60).

Effect of edaphic factors, location, and vegetation type
on the occurrence of entomopathogenic fungi in soil.
The isolation of entomopathogenic fungi from soils
was neither significantly (P > 0.05) affected by the
pH of soil, nor by soil moisture content (Table 4).
On the other hand, their isolation was significantly

affected (p = 0.024) by the organic matter content
of the soil.

Soils with pH ranging from 7.25–7.50, moisture
content ranging from 30–36%, and organic matter
content ranging from 4–6% yielded the highest per-
centage of entomopathogenic isolates (Table 4). Also,
their isolation from soils varied with location (p =
0.602) (Tables 2 and 4D), with the highest numbers
of isolates recorded in Jenin (22) followed by Nablus
(19), Tulkarm (16), and Qalqilia (13). Vegetation type
was found to significantly (p = 0.006) affect the
isolation of entomopathogenic fungi from soils, with
orchards soils yielding the highest percent of isolates
(Tables 3 and 4E). A univariate analysis of vari-
ance (UNIANOVA) of the results revealed that there
were no significant interactions between the different
variables (Table 4F).

Characterization of selected isolates of the common
entomopathogenic fungal species recovered. Radial
mycelial growth rates (mm day−1) of the test fungi
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Table 3. Pathogenicity test (Koch’s Postulates) results

Species No. of Time (Days) Mortality∗
isolates after infection (%)

Absidia cylindrospora 1 5 56

Aspergillus niger 5 5–7 66–78

A. ochraceus 1 5 20

Conidiobolus coronatus 22 5–8 87–100

Entomophaga grylli 1 5 45

Erynia castrans 1 8 60

Fusarium heterosporum 1 10 18

F. moniliforme 1 6 30

F. nivale 1 6 56

F. oxysporum 2 6 30-33

F. semitectum 7 5–7 16–33

F. solani 5 5–10 28–44

Gliocladium viride 2 6 78–84

Hirsutella jonesii 1 10 19

Mucor flavus 7 5–9 22–33

M. piriformis 1 7 56

Nectria ventricosa 4 5–6 22-44

Paecilomyces farinosus 1 6 28

Sporodiniella umbellata 5 7–9 45–63

Verticillium nigrescens 1 9 37

∗Number of replicate larvae = 9.

were significantly (P < 0.0001) affected by media
SDA, YSDA, MEA, CMA, CZA, and PDA, and tem-
peratures (10, 15, 20, 25, 30 and 37 ◦C) (Tables
5).

Spore production rates for the test fungi were sig-
nificantly (P < 0.0001) affected by temperature.
Optimum temperatures for spore production were for
C. coronatus 20 ◦C, for E. grylli 30 ◦C, for Er. castrans
30 ◦C, for H. jonesii 25 ◦C, for P. farinosus 30 ◦C and
for S. ambellata 25 ◦C (Table 6).

The optimal growth temperatures for the selected
fungal isolates studied were as follows: C. coronatus
30 ◦C, E. grylli 25 ◦C, Er. castrans 30 ◦C, H. jonesii
30 ◦C, P. farinosus 30 ◦C, and S. umbellata 25 ◦C. The
optimal temperature for all selected fungal isolates
studied lied between 25–30 ◦C.

Spore germination was significantly (P < 0.05)
affected by temperature, isolate, time, isolate : tem-
perature, time : temperature, and isolate : time :
temperature (Table 7). There was no significant ef-
fect with isolate : time interactions (P < 0.986).
Temperatures above 10 ◦C and below 37 ◦C greatly
affected germination rates with an optimum range of
20–30 ◦C. At higher temperature conditions, prolong-

Table 4. Effect of edaphic factors on the distribution of entomo-
pathogenic fungi in soil

A. pH

pH No. of No. of + ve % + ve No. of isolates % Isolates
samples samples samples recovered recovered

6.5–6.75 15 4 26.6 5 33.3
6.75–7.00 22 7 46.7 12 54.6
7.00–7.25 43 14 32.6 18 41.9
7.25–7.50 49 18 36.7 29 59.2
7.50–7.75 11 4 36.4 6 54.6
Total 140 47 33.6 70 50

B. Organic matter

% Organic No. of No. of + ve % + ve No. of isolates % Isolates
matter samples samples samples recovered recovered

0–2 100 27 27 36 36
2–4 21 12 57.1 18 85.7
4–6 11 5 45.5 11 100
6–8 6 2 33.3 4 66.7
8 - 10 2 1 0.5 1 50
Total 140 47 33.6 70 50

C. Soil moisture content

% Moisture No. of No. of + ve % + ve No. of isolates % Isolates
content samples samples samples recovered recovered

12–18 23 9 39.1 12 52.2
18–24 53 15 28.3 22 41.5
24–30 60 20 33.3 30 50
30–36 4 3 75 6 150
Total 140 47 33.6 70 50

D. Geographical location

Location No. of No. of + ve % + ve No. of isolates % Isolates
samples samples samples recovered recovered

Jenin 35 11 31.4 22 62.9
Nablus 35 15 42.9 19 54.3
Tulkarm 35 11 31.4 16 45.7
Qalqilia 35 10 28.6 13 37.1
Total 140 47 33.6 70 50

E. Vegetation type

Vegetatopm No. of No. of + ve % + ve No. of isolates % Isolates
type samples samples samples recovered recovered

Orchards 40 18 45 32 80
Vegetables 100 29 29 38 38
Total 140 47 33.57 70 50

F. Interactions between different variables based on the univariate
analysis of variance

Variables interaction df F P

Location : Vegetation type 2 0.811 0.449
Location : pH 6 0.365 0.898
Vegetation type : pH 2 1.007 0.371
Location : organic matter content 4 0.998 0.416
Vegetation type : organic matter 1 0.036 0.850

content
Location : moisture content 4 0.938 0.448
Vegetation type : moisture content 2 1.427 0.248
pH : moisture content 4 1.399 0.245
Location : pH : moisture content 2 0.595 0.555
Organic matter content ∗ moisture 2 0.003 0.997

content

df, degrees of freedom; F, F-value; P, probability level.
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Table 5. Effect of nutrient media and temperature on the mycelial growth of selected isolates of entomopathogenic fungi

A. Nutient media

Fungal species Isolate No. Mean growth rate (mm day−1) ± SE

SDA YSDA MEA CMA CZA PDA

Conidiobolus coronatus J11a-6.6 5.1 ± 0.2ab∗ 5.2 ± 0.1ab 5.4 ± 0.01a 5.4 ± 0.02a 0.7 ± 0.1c 5.0 ± 0.1b

Entomophaga grylli N4b1-21.6 5.4 ± 0.01b 7.6 ± 0.1a 4.6 ± 0.02d 5.4 ± 0.1b 5.0 ± 0.1c 4.8 ± 0.2cd

Erynia castrans Q2a-6.4 3.9 ± 0.4c 5.1 ± 0.1ab 4.4 ± 0.1cd 4.9 ± 0.03abc 4.6 ± 0.1bc 5.4 ± 0.01a

Hirsutella jonesii K3a1-24.7 4.3 ± 0.3b 3.6 ± 0.06cd 3.8 ± 0.1c 5.0 ± 0.1a 2.6 ± 0.03e 3.3 ± 0.02d

Paecilomyces farinosus N2a-2.8 0.1 ± 0.01d 1.9 ± 0.02a 1.4 ± 0.01c 1.7 ± 0.01b 1.7 ± 0.02b 1.9 ± 0.03a

Sporodiniella umbellata K13a3-24.7 5.4 ± 0.04c 5.6 ± 0.02c 9.5 ± 0.3a 7.6 ± 0.1b 9.5 ± 0.02a 9.5 ± 0.2a

∗Means within a row followed by the same letter are not significantly different by Student-Newman-Keuls (SNK) test (P > 0.05).

B. Temperature

Fungal species∗ Isolate No. Mean growth rate (mm day−1) ± SE

10 ◦C 15 ◦C 20 ◦C 25 ◦C 30 ◦C 37 ◦C

Conidiobolus coronatus 0.01 ± 0.0e∗∗ 3.6 ± 0.2d 4.6 ± 0.2c 6.4 ± 0.1b 7.4 ± 0.0a 3.8 ± 0.2d

Entomophaga grylli 0.7 ± 0.1e 5.2 ± 0.3b 5.8 ± 0.2c 7.6 ± 0.2a 4.7 ± 0.2c 1.7 ± 0.1d

Erynia castrans 0.5 ± 0.1d 3.0 ± 0.1d 3.3 ± 0.2cd 3.6 ± 0.1c 7.4 ± 0.1a 4.2 ± 0.2b

Hirsutella jonesii 0.01 ± 0.0e 3.6 ± 0.1d 4.0 ± 0.3c 5.0 ± 0.1b 7.0 ± 0.1a 5.3 ± 0.1b

Paecilomyces farinosus 0.2 ± 0.0d 0.6 ± 0.1c 0.7 ± 0.1c 1.1 ± 0.0b 1.8 ± 0.1a 0.1 ± 0.0d

Sporodiniella umbellata 0.2 ± 0.0e 5.2 ± 0.2c 7.0 ± 0.1b 7.6 ± 0.2a 7.5 ± 0.2a 4.3 ± 0.1d

∗Isolate No. as in Table 6.
∗∗Means within a row followed by the same letter are not significantly different using SNK test (P > 0.05).

ing incubation for periods of 48-h and 72-h, distinctly
improved germination rates. The optimal temperatures
for conidial germination for the selected fungal isol-
ates appear to range between 25 ◦C (C. coronatus,
E. grylli, Er. castrans, S. umbellata) and 30 ◦C (H.
jonesii, P. farinosus).

Discussion

The number of entomopathogenic fungi in agricultural
soil in the Palestinian area (West Bank) is in agreement
with the results of Rath et al. [11] and Vanninen et al.
[26]. They found these fungi to occur in about 32%
of soil samples collected from pastures in Tasmania
and different cultivated habitats in Finland. Chandler
et al. [2] on the other hand, isolated entomopathogenic
fungi from only 17.5% of samples of soil taken from
different habitats in Warwickshire, UK. However, the
scarcity of a species in a given habitat does not neces-
sarily mean a low number of infective propagules at
the particular site. The proportion of infected larvae
alone may not, however, be the best way to measure
the abundance of infective propagules in soil samples;

the time required to kill the baits should also be taken
into account. Bait larvae move differently in soils of
different structure and particle size and therefore may
not be infected equally quickly in all soil types [27].

The present results have demonstrated that ento-
mopathogenic fungi are common inhabitants of soil
biota in Palestine, however, the diversity of these
species is relatively low with only few species occur-
ring frequently. In contrast, a much greater diversity
of entomopathogenic fungi (750 species) have been
recorded from tropical habitats, particularly tropical
rainforests [28, 29].

In this study, two species of Aspergillus, A. niger
and A. ochraceus, have been recovered as entomo-
pathogenic fungi. Aspergillus species have been found
associated with a large number of insects such as
larvae of bees (A. niger), Troglophilus neglectus (A.
niger, A. ochraceus), and Culex pipiens (A. ochraceus)
[18, 29, 30].

Conidiobolus coronatus was the most frequently
isolated species in field soil comprising about 31% of
total isolates recovered. It is probably the best known
member of the genus Conidiobolus. This fungus is
common in soil and can easily be grown in culture.
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Table 6. Effect of temperature on spore production of selected isolates of entomopathogenic fungi

Fungal species∗ Mean number of conidia/plate (× 106) ± SE

10 ◦C 15 ◦C 20 ◦C 25 ◦C 30 ◦C 37 ◦C

Conidiobolus coronatus 0.0 ± 0.0f∗∗ 6.4 ± 0.1b 8.6 ± 0.1a 3.5 ± 0.1e 5.0 ± 0.1c 4.0 ± 0.1d

Entomophaga grylli 0. 01 ± 0.0d 0.1 ± 0.01d 1.7 ± 0.1c 3.2 ± 0.1b 4.8 ± 0.2a 0.1 ± 0.01d

Erynia castrans 0.04 ± 0.01c 0.2 ± 0.02c 0.5 ± 0.1b 0.1 ± 0.01c 1.4 ± 0.1a 1.2 ± 0.1a

Hirsutella jonesii 0.0 ± 0.0d 0.1 ± 0.01cd 0.12 ± 0.0c 0.5 ± 0.1a 0.3 ± 0.01ab 0.1 ± 0.01c

Paecilomyces farinosus 0.1 ± 0.01d 11 ± 0.6b 2.0 ± 0.1c 0.6 ± 0.01cd 28 ± 1.2a 0.1 ± 0.01d

Sporodiniella umbellata 0.0 ± 0.0e 0.2 ± 0.02c 0.1 ± 0.03d 1.3 ± 0.02a 0.4 ± 0.1b 0.3 ± 0.02bc

∗Isolate No. as in Table 6.
∗∗Means within a row followed by the same letter are not significantly different using SNK test (P > 0.05).

It has also been found to be pathogenic to mosquitoes
and several other insects [1, 18, 31]. Its formulation
was used as a biological control agent against pasture
spittlebugs in Mexico [1].

Excluding the isolates of Conidiobolus, the genus
Fusarium had a high incidence of isolation (24%),
with F. semitictum (4.3) and F. solani (3.6) most
frequently isolated from the study area. Species in
the genus Fusarium display a great diversity of life
strategies including a variety of types of associations
with insects. Fusarium species can act as weak to vir-
ulent entomopathogens. They live as saprophytes on
insect cadavers or as non-pathogenic insect associates
[21]. All entomopathogenic Fusarium spp. recovered
in this study have also been reported from larvae of
several insects (e. g., Pyrausta nubialis, and Tenebrio
molitor) [30, 32]. Both F. solani and F. semitectum
have also been recorded by Mahassneh [33] as soil
entomopathogenic fungi from Hebron, Gaza strip and
Bethlehem.

In this study E. grylli was isolated once from the
soil samples studied. It was considered to be a signific-
ant natural control agent of locusts in Africa and North
America [1]. It has also been found associated with
large varieties of insects such as Cammula pellacida
[7].

Erynia castrans was isolated once from the soil
samples studied. It has been reported from Hylemya
flies (Anthomyiidae), serious pests of vegetables, in
the USA and Europe [1].

Gliocladium viride was isolated twice from the
field soils studied. Gliocladium spp. have been re-
ported from Aedes cantans and Anopheles stephensi
larvae [30].

Hirsutella jonesii was isolated once during the
present investigation. It has been reported from leaf-
hopper [1]. The species has been used against the

citrus rust mite in Florida [34], and against whiteflies
and mites in Cuba and Mexico [1].

Mucor species were isolated with high frequencies
in this study. They comprised 11.4% of the total num-
ber of isolates recovered. These species are known
for their pathogenic and biotoxic activity on humans,
cattle, pigs, poultry and insects [35]. An essential sap-
rophytic or weakly pathogenic fungus may at times
become associated as the causal agent of epizoot-
ics in predisposed insects. Fast growing saprophytes
with toxigenic properties like Mucor species may in-
fect or injure weakened insects and are not normally
pathogenic [29].

Paecilomyces farinosus was isolated once from
studied field soils. The most important Paecilomy-
ces species include P. farinosus and P. fumosoroseus,
which have been isolated from numerous insect hosts
world-wide. Paecilomyces farinosus is a common
fungal pathogen of codling moth, sometimes causing
high mortality especially in mixtures with B. bassiana
[36].

Nectria ventricosa was recovered as the entomo-
pathogenic fungal species comprising 5.7% of the total
isolates. It is occasionally isolated from soil. Nec-
tria species have been reported from Diaspid scale
[1]. Verticillium nigrescens was isolated once in the
present study. Verticillium spp. have been isolated
from adult cadavers of many insects [29, 31].

Sporodiniella umbellata was only isolated from
orchards in the Tulkarm area and comprised 7.2% of
the total number of isolates. It has been reported from
treehoppers (Umbonia spp.) [1].

Preliminary testing for pathogenicity showed that
this character varied with fungal isolates. This could
be related to the disparate modes of pathogenesis,
conidia dosage, toxins and germination behavior [37,
38].
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Table 7. Effect of temperature on spore germination of six selected entomopathogenic fungal isolates

Fungal species∗ Incubation Mean spore germination (percent) ± SD according to temperature (◦C)

time (h) 10 15 20 25 30 37

Conidiobolus 24 0.1± 0.0e∗∗ 20± 5.3c 4± 1.7d 99.7± 0.6a 74± 6.1b 0.1± 0.0e

coronatus 48 2± 0.1d 26± 2c 30± 2.6c 99.3± 1.2a 100± 0.0a 65± 3.5b

72 4± 1d 65± 2.6b 34.7± 5.7c 100± 0.0a 99.3± 0.6a 95± 2.6a

Entomophaga grylli 24 0.1± 0.0c 56± 6b 96± 0.0a 99.7± 0.5a 99± 1a 0.1± 0.0c

48 0.1± 0.0b 97± 1a 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a

72 5± 1c 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a 98± 2.6b

Erynia castrans 24 0.1± 0.0d 71.3± 12c 88± 3.46b 100± 0.0a 100± 0.0a 97± 1.5a

48 0.1± 0.0b 98± 2a 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a

72 24± 4b 97± 0.6 97± 0.6a 100± 0.0a 99.3± 1.2a 98± 1a

Hirsutella jonesii 24 0.1± 0.0e 6± 2d 15± 1.7b 25± 4.6a 18± 2.6ab 10± 2c

48 0.1± 0.0d 20± 2c 25± 2.6bc 40± 6ab 48± 3.5a 32± 2b

72 0.1± 0.0d 36± 3bc 40± 2b 47± 4.4ab 55± 7a 38± 3.5b

Paecilomyces 24 0.1± 0.0d 52± 2c 75± 4.4b 96± 2a 100± 0.0a 97± 2a

farinosus 48 0.1± 0.0b 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a

72 0.1± 0.0b 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a

Sporodiniella 24 0.1± 0.0c 84± 8.7b 96± 2.0a 100± 0.0a 98± 0.0a 4± 0.0c

umbellata 48 6± 2b 100± 0.0a 99.7± 0.6a 100± 0.0a 100± 0.0a 98± 0.0a

72 16± 6b 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a 100± 0.0a

∗Isolate No. as in Table 6.
∗∗Means within a row followed by the same letter are not significantly different by SNK test (P < 0.05).

This study has shown that the isolation rate of
entomopathogenic fungi is not significantly affected
by differences in soil environment. Therefore, it is
not surprising that pH has little effect on the distri-
bution and abundance of entomopathogenic fungi, as
the fungi are able to germinate over a wide pH range.
Vanninen et al. [26] and Rath et al. [11] also observed
that the occurrence of entomopathogenic fungi was not
related to soil pH.

Higher frequency of isolation of entomopatho-
genic fungi seemed to be associated with soil which
had a higher organic matter content. This finding is
in agreement with that of Milner [39] who also found
increased soil organic matter content to aid infection
by entomopathogenic fungi. Mietkiewski et al. [15]
also observed that the isolation of B. bassiana from
arable soils in the UK was usually associated with nat-
ural, undisturbed habitats which were high in organic
matter content.

In the present study the isolation of entomopath-
ogenic fungi was slightly affected by soil moisture
content. It has also revealed that the biodiversity of this
group of fungi was richer (20 species) in the northern
part of the Palestinian area in the study area(with) than
that in the southern part (7 species) [33]. This may
be attributed to higher annual precipitation rate thus

higher soil moisture content most of the year in the
northern part than in the southern part. High humidity
or free water is generally required by entomopatho-
genic fungi for germination [1]. In the soil, water is
probably not limiting, as many fungi can still utilize
the available soil moisture at water potentials far lower
(−20 MPa) than permanent wilting point (−1.5 MPa)
[40].

The isolation of entomopathogenic fungi was
slightly influenced by geographical location. This
may be related to variations in climatic conditions,
cultivation processes and sampling times.

Entomopathogenic fungi were more frequently
isolated from soils under fruit trees than from soils un-
der vegetables. Tentatively, therefore, the frequency of
occurrence of entomopathogenic fungi would appear
to be related to the permanence of the habitat, pos-
sibly because permanent habitats support larger, more
diverse and stable communities of insects. Plough-
ing of cultivated soils may also prevent the build-up
of high populations of insect pathogens by disrupting
infection foci, exposing pathogens to adverse environ-
mental conditions on the surface of soil or by burying
them away from potential hosts [2]. Vanninen et al.
[26] also showed that the frequency of entomopatho-
genic fungi in intensively cultivated soils was lower
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than that in forest soils in Finland. Similar results
were obtained by Mietkiewski et al. [41] in Poland
and by Chandler et al. [2] in UK. Our results there-
fore indicate that biological control of soil-dwelling
pests by resident entomopathogenic fungi is likely to
be more effective on perennial crops (orchards) than
annual crops (vegetables).

The current results demonstrated that, under labor-
atory conditions, the optimal radial mycelial growth,
conidial production and conidial germination of ento-
mopathogenic fungi were dependent on culture media
and temperature. Radial mycelial growth for all se-
lected fungal isolates therefore appeared to be best on
CMA and PDA. The variation in mycelial growth rate
of fungal isolates on different media could be related
to their different nutritional requirements.

The present work has shown that the optimum tem-
perature of mycelial growth, conidial production and
conidial germination of the selected fungal isolates
tested, range between 20–30 ◦C. This finding is in
accordance with that obtained by many other work-
ers studying entomopathogenic fungi [e.g., 10, 23–25,
42–44].

The effective exploitation of entomopathogenic
fungi for the biological control of pests in agricultural
fields has been limited by the humid warm condition
required for infection. Such conditions occur sporad-
ically and transiently on the surfaces of leaves of trees
and vegetables. The isolation of entomopathogenic
fungi, provides an opportunity to develop them as
biocontrol agents for agricultural pests in the future.

The results obtained in the present study also in-
dicate that temperature differences of several degrees
at the upper thermal threshold can have a considerable
effect on the efficacy of the fungus and the extent of
this effect would vary according to the isolate used.
Consequently, thermal tolerance must be considered
when selecting an isolate for development as a control
agent of thermoregulating insects. Since some pests
(e.g., acridids) primarily elevate their body temper-
atures only during periods of sunlight, lower thermal
limits must be taken into consideration [45].

Laboratory studies simulating varying field condi-
tions can provide quantitative data that may be useful
to predict field results [1]. The optimum temperature
of between 25–30 ◦C for sporulation, germination and
growth of the entomopathogenic fungi compared fa-
vorably with the optimum temperature of 27–29 ◦C
for high thrips numbers under field conditions [46].
This implies that the insects would be susceptible to
infection by the pathogens at temperatures at which

entomopathogenic fungal isolates are active in the
field. We conclude that entomopathogenic fungal isol-
ates with a broad range of temperature activity have
good potential for application in the field.

In the light of our results, C. coronatus could be the
species best suited for inculative use in pest control
in agricultural soils, as it has wide tolerance to agri-
cultural practices, has frequently been isolated from
both vegetable fields and orchard, and is also charac-
terized by higher mycelial growth rate, higher conidial
production and conidial germination. Sporodeniella
umbellata may also be a good candidate for biolo-
gical control in orchard soils, but its ecology in the
other areas needs to be studied more closely before
any specific recommendations for its use can be given.
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