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Abstract: The objectives of this study were to evaluate the efficacy of Sunn pest entomopathogenic fungi
collected from wheat fields and overwintering sites in Syria and characterize them under different temperature
regimes. Eleven isolates of Beauveria bassiana (Bals.) Vuil. were included in this study: five were isolated from
overwintered adults of Sunn Pest, Eurygaster integriceps Puton and six from nymphs and new adults in wheat
fields. Growth rate and conidial production were tested at 15, 20, 25, 30 and 35°C. Results showed that highest
growth rate of tested fungal solates was at 25°C, except for the two 1solates SPDR-1 and SPDR-2 which
exhibited highest growth rate at 20°C. The highest production of conidia of tested fungal isolates was at 20°C,
except for 1solates SPSR-1, SPSQ and SPSS which exhibited higher preduction at 25°C. Virulence test of the
tested fungal isolates on overwintered adults Sunn Pest showed that percent mortality after 14 days ranged

between 86-100%.
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INTRODUCTION

Sunn Pest, Eurygaster integriceps Puton, 1s one of
the major constraints to the production of wheat in
Central and West Asia and East Europe
(El-Bouhssini et al., 2009). Tt causes yield losses of
20-30% m barley and 50-90% m wheat. While feeding they
mnject chemicals into the grain that destroys the gluten
and reduces the baking quality of flour (Hariri et al., 2000,
Tavahery, 1995).

In Syria, in 2005, ~282,000 ha were sprayed with
insecticides to control Sunn Pest (Anonymous, 2005). Tn
2009, IPM strategies were used and the areas sprayed by
insecticides were reduced to 87.000 ha (Anonymous
2009). Beauveria bassiana  (Deuteromycotina:
Hyphomycetes) is an entomopathogenic fungus that has
shown great potential for the management of various
insect pests (Feng et al., 1994; Inglis et al., 2001; Jaronski
and Goettel, 1997) and 1t 1s widely used as a microbial
control agent in many countries. It is easy to mass
produce and has mimmal mmpact on most vertebrates
(Boucias and Pendland, 1998). Parker et al. (2000, 2003)
collected entomopathogemc fungi of Sunn Pest from
Syria, Turkey, Tran, Uzbekistan, Kazakhstan, The Kyrghyz
Republic and Russia. Jordan and Pascoe (1996) collected
them from N. Traq. Tsolates from the genera Beauveria,

Paecilomyces (some sp. recently placed in the genus
Isaria) and Verticillium (some sp. recently placed in the
genus Lecamicillium) were collected (Humber, 2010).
Beauveria bassiana was the most commonly recovered
species, suggesting that this pathogen may hold the most
promise for management.

Many studies have been made on the response of
B. bassiana to a wide range of temperatures in vitro
(Ekesi et al., 1999; Fargues et al., 1997, Tames et al., 1998,
Shimazu, 2004, Sivasankaran et al., 1998). Parker et al.
(2003) tested 1solates of B. bassiana at 20, 25, 30 and 35°C
for growth and sporulation. Usually, the optimal
temperature for growth of entomopathogenic fungi ranges
between 20-25°C, but this also depends on species and
strain (Glare and Milner, 1991; Goettel and Inglis, 1997).

The objectives of the research herein were to
characterize fungal temperature responses and evaluate
the efficacy of isolates collected from Sunn Pest wheat
field populations and from populations m diapauses in
overwintering sites in Syria.

MATERIALS AND METHODS

Insect collection and fungal isolation: Tsolates of
B. bassiana were collected m the winter in 2006-2007 from
overwintering sites of Sunn Pest. Adults that exhibited
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signs of mycelial growth were put in separate plastic bags
lined with paper towels to absorb excess moisture and
brought to the laboratory. Tsolates were also collected in
the summer from infested wheat fields m all provinces in
Syria. Three sites in each province were randomly
selected and 50 nymphs and new adults of Sunn Pest
were hand-collected from each site. They were placed (by
site) in plastic bags and returned to the laboratory. Sunn
Pest were killed by placing them at -20°C for two howrs;
surface sterilized by immersion in 70% EtOH for 15 sec,
rinsed in distilled water for 10 sec; followed by a 1 min
ummersion 1 1% sodium hypochlonte; rinsed for 10 sec in
3 changes of sterile distilled water and blot-dried with
sterile filter paper (Lacey and Brooks, 1997). Insects were
placed in 9 cm diam plastic Petri dishes on sterile filter
paper moistened with 0.001 g L™ penicillin G (25 millien
units g=") and 0.005 g L.7' streptomycin sulfate. The
dishes were sealed with parafilm and held at 22+2°C for
2 weeks. for fungal outgrowth. Fungal isolations were
made on 4 SDAY supplemented with penicillin (0.03%)
and streptomycin sulfate (0.08%) (Goettel and Inglis,
1997). Isolates were subcultured several times to ensure
purity. Fungi were identified under 400x magnifications
using the keys of Humber (1997).

Fungal test material: Isolates for bicassay were cultured
on Y2 SDAY at 22+2°C for 14 days. Fresh comdia were
harvested from the plates by scraping and then
suspended by vortexing in 0.01% Tween 80. The
suspension was filtered through eight layers of
cheesecloth to remove the media and mycelia. Comdia
were enumerated using a hymocetometer and  their
density adjusted to the target concentration by dilution
(Goettel and Inglis, 1997). Conidial viability for each
isolate was determined by inoculating a plate of 4 SDAY
with 0.1 ml of a conidial suspension containing 1x10°
conidia mL ™. After incubation at 20°C for 24 h, the rate of
spore germination was determmed by counting 100
spores 1n 4 different fields of view (400 spores per plate).
A spore with a germ tube longer than its width was
considered germinated (Hywell-Tones and Gillespie, 1990).
Suspension concentration was adjusted according to
comidial viability when necessary to compensate for lower
viability.

Isolate characterization: Isolates were characterized
according to their growth and sporulation on Y SDAY
medium at 15, 20, 25, 30 and 35°C (+1°C). Five microliters
of a 1 x10° conidial suspension were pipette onto a 0.64-cm
diam. desk of filter paper and placed 1 the center of 5 Petr1
dishes containing 20 mL of media. Colony growth was
marked on the dish bottom at the outer edge of the fungal
growth at 5, 10, 15 and 20 day after inoculation and

measured from the center of the dish to the mark. Conidial
production was determined from four 5 mm diam discs cut
from the colony on the last sampling day. The first disc
was taken close to the leading edge of new growth and
the remaining discs were taken within the previously
marked 5 day growth zones for days 5, 10 and 15. The four
discs from each plate were combined in the test tube
contaimng 10 mL 0.01% Tween 80 in sterile distilled water
and 12 glasses beads. Tubes were agitated for 60 sec to
dislodge comidia. The numbers of comidia per unit volume
were determined using a hemocytometer under 400x
magnifications. The data were converted to munbers of
conidia per unit surface area.

Insect assays: Sunn pest adults were collected from
overwintering sites beneath the litter of pine trees at Tel
Hadya, Syria 1 day prior to testing and held in plastic
vented containers (25x15x15 cm) at 53°C until used. All
insects were inspected before testing to ensure they were
alive and only those that moved when probed with a blunt
needle were used in the trial. Single-concentration assays
{at 1 x10° conidia/mL 0.01% Tween 80) were conducted in
February and March 2009. A control, 0.01% Tween
80 suspension, was included m each assay. Each
treatment was replicated five times within the trial. Ten
adults were fixed on adhesive tape — ventral swface up
and 5 ul. of 1x10° conidia/mT. 0.01% Tween &0 suspension
was pipetted on the sternum and allowed to dry. Adults
were then grouped m a clear, screw top plastic jar
(5.5 cm diam 5.7-cm hgt) contaiming fresh wheat leaves.
The jars were held in the laboratory at room temperature
(224£2°C) under natural light conditions. Mortality counts
were taken 5, 10, 12 and 14 days post treatment. Adults
were considered dead if they failed to move 2 min
following slight probing. Sunn Pest adults are known to

feign death.

Statistical analyses: Data on rates of fungal colony
growth (mm day™) over the 20 day experiment and on the
effect of temperature on comidial production
{conidia cm ') were analyzed as completely randomized
designs using a two-way ANOVA (no blocking). Prior to
analysis, a natural log transformation was performed on
the conidial count data to improve homogeneity of
variance.

The percentages of mortality were arcsine-
transformed and analyzed using ANOVA. The means and
the standard errors reported in the tables are based on
data before transformation.

RESULTS

Insect collection and fungal isolation: Five 1solates of
B. bassiana were isolated from overwintering adults of

1053



FPak. J. Biol. Sci,, 13 (21): 1052-1056, 2010

Table 1: B. bassiana isolates collected from fields and overwintering sites
in Syria

Table 3: Number of conidia produced by entomopathogenic fimgus
B. bassiana when cultured at 15, 20, 25 and 30°C

Location of collected insects Site of collection Isolate code

Overwintering sites Ariha, Idlib 3-1
Kafr Nouran, Aleppo 5-2
Rhankos, Reef Demashk SPDR-1
Rhankos, Reef Demashk SPDR-2
Rhankos, Reef Demashk SPDR-3

Wheat fields Homs SPSH-1
Homs SPSH-2
Qamishly, Al Hasakah SPSQ
Al Rouj, Tdlib SPSR-1
Al Rouj, Idlib SPSR-2
Asgwaida SPSS

Table 2: Growth rate (mm day™) of B. basiiana isolates cultured at
different temperatures for 20 days
Growth rate (mm day™")

Isolate 15°C 20°C 25°C 30°C

5-1 1.16+£0.00e 1.88+0.03f 2.19+0.07d 2.09+0.04a
S-2 1.43+0.00b 2.13+0.02¢ 2.78+0.03a 1.72+0.01d
SPDR-1  1.33+£0.01d 2.02+0.06d 2.64+0.06b 1.52+0.03e
SPDR-2  1.66+0.01a 2.19x0.04b 2.15+0.07d 1.47+0.01f
SPDR-3  1.62+0.01a 2.54+0.02a 2.27+0.09¢ 1.52+0.01e
SPSH-1  1.38+0.01c 1.94+0.01e 1.95+0.03e 0.58+0.01h
SPSH-2  1.1&k0.01e 1.94£0.06e 2.80+0.10a 2.00£0.02b
SP3Q 1.35+0.01cd 2.11+0.02¢ 2.83+0.07a 2.15+0.06a
SPSR-1 1.42+0.02b 1.940.02e 2.00+0.03e 0.66+0.02g
SPSR-2  1.15+0.0le 1.61+0.02g 2.01+0.03e 1.88+0.01c

SPSS 1.33+0.02d 2.19+0.02b 2.8440.08a 2.09+0.04a
Values are as Mean+SE of 5 replicates. Numbers followed by the same letters
within a column are not significantly different (p<0.05)

Sunn Pest in overwintering sites. From 5850 nymphs and
new adults of Surm Pest collected from wheat fields, six
1solates of B. bassiana were discovered and were called
summer isolates (Table 1).

Fungal characterization: None of the 1solates grew at
35°C and all were dead after 20 day, These temperature
data were excluded from the analyses. There were
significant differences among the isolates in their growth
rate at each temperature and among the temperatures for
each 1solate (Table 2) (p<0.001 for Temperatire, [solate
and Tsolate *Temperature). The highest growth of 8
isolates was at 25°C, while two isolates, SPDR-1 and
SPDR-2 exhibited their highest growth at 20°C. The
growth of SPSH1 did not differ at 20 and 25°C. Growth rate
was reduced for all isolates at >25°C or it decreased at
<20°C.

Production of comidia for all 1solates stopped at 35°C
and for SPSH-1 at 30°C. More comidia were produced at
20°C for 8 of the isolates, while SPSR-1, SPSQ and SPSQ,
all summer isolates produced more conidia at 25°C
(Table 3). However, fungal i1solates and temperatures
significantly mteracted (p<<0.001) m their effect on comidial
production. 5-1 was the highest conidial producer at 20°C
and 15°C. At 25 and 30°C, S-1 was the third conidial
producer after SPSS and SP3Q, indicating that this 1solate

Conidia cm? (x107)

Isolate 15°C 20°C 25°C 30°C

8-1 20+1.5a 41+4.3a 20+£1.2b 12+1.2¢
8-2 10+0.87b 19+1.1c 1541.6¢ 5.5+0.7d
SPDR-1 0.02+0.004f 0.64+0.1g 0.73+0.06i 0.04+0.003i
SPDR-2 6.2+0.91c lo+6.2¢ 4.9+0.87f 2.840.8ef
SPDR-3 9.3+1.2b 19+1.6c 9.2+0.75d 2.3+0.2f
SPSH-1 3.2+0.08d B.4+1.3F 0.93+0.1h 0.0
SPSH-2 9.1+0.82b 15+1.1d 1.0£0.13h 0.21+0.02h
SPSQ 9.2+£0.19b 1241 3e 23+1.9b 20+2.8a
SPSR-1 2.8+0.15d 18+4.0c 2+0.20g 0.41+0.04g
SPSR-2 0.73£0.03e 30+2b 6.4+=0.7e 2.9+0.1e
SPSS 9.3+2.3¢ 13£2.2¢e 20t].1a 18.2+2.9b

Values are as Mean=SE of 5 replicates. Numbers followed by the same letters
within a column are not significantly different (p<0.05)

Table 4: Percent mortality of Eurvgaster integriceps when treated with 11
isolates of B. bassiana after 5, 10, 12 and 14 days
Mean % mortality (+SE)

Isolate Day 5 Day 10 Day 12 Day 14

8-1 10.00+0.87ab 52.00+8.90e 82.00+14.67¢  86.00£14.55¢
82 8.00+5.77ab  TR.O0+16.02¢ 88.00+16.68bc  94.00+17.09b
SPDR-1  14.00+4.83ab 80.00+£15.34bc  86.00+15.40¢  96.00£16.71b
SPDR-2  8.00+4.59ab  70.00+12.23d 84.00+14.28bcd 96.00+15.82b
SPDR-3 12.00+3.75ab 80.00%+14.23bc 94.00£16.08b  96.00+16.30ab
SPSH-1 16.00+6.40a 90.00+106.58a 98.00+16.27ab  100.00+16.37a
SPSH-2 10.00+3.24ab 66.00£10.37de  86.00+15.37¢  96.00+16.34b
SPSQ 12.0045.64ab 52.00+12.02¢ 70.00+13.31d  8R.00+14.89¢
SPSR-1  8.004+3.74ab  88.00+3.74b 100.004+0.00a  100.00+0.00a
SPSR-2  8.004+3.40ab  46.00+15.17¢ 70.00+16.73d  R6.00+18.17c
SPSS 4.00£1.94b  58.00+10.42e 80.00£13.31d  90.00+15.40c¢
Tween 80 6.00+2.25ab  10.00+4.55F 18.00+4.88¢e 36.00+6.24d

Values are as MeantSE of 5 replicates, Tween 80 (control) means no fungal
treatment. Numbers followed by the same letters within a column are not
significantly different (p<0.05)

is not sensitive to the lower and higher temperatures. At
25°C SPSS was the highest comdial producer, while at
30°C SPSQ was the highest.

Insect assays: At 5 day post treatment there were no
differences in mortality between isolates and the Tween
control, while at 10, 12 and 14 day isolates had mortality
significantly greater than the Tween control (Table 4). At
day 10 SPSH-1 caused greater mortality than the other
isolates and reached 96%. At day 12 SPSR-1 caused
greater mortality (100%) than the other 1solates. At day 14,
mortality ranged between 86 and 100%. The highest
mortality was caused by SPSR-1 and SPSH-1. Fungal
1solates and days post treatment significantly interacted
{(p<0.001) n their effect on Sunn Pest mortality.

DISCUSSION

The lack of colony growth and the ultimate mortality
of all 1solates tested at 35°C corroborates earlier findings.
The growth rates obtained in this study in response to
different temperatures are similar to that reported
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previously (Parker et al, 2003; Fargues et al., 1997,
Hallsworth and Magan, 1999; Mietkiewski et al., 1994;
Roddam and Rath, 1997, Shimazu, 2004; Tong-Kwee et al.,
1989). The two 1sclates SPDR-1 and SPDR-2that exhibited
the highest growth rate at 20°C were collected form
overwintering site from Rhankos, Reef Demashk with an
elevation of 1500 m above sea level and where
temperatures could reach -30°C in winter. The strong
interactions observed between temperatures and isolates
showed the necessity to characterize isolates for their
sensitivity to temperature before their use in different
environments. (Bidochka et al., 2001; Fargues et al., 1997).

The sporulation of most isolates at tested
temperatures corroborates earlier findings showing no
sporulation of B. bassiana isolates at or above 30°C.
Present results showing highest production of conidia at
20°C for 8 isolates do not support those of Parker et al.
(2003) who reported highest production of comdia of
B. bassiana 1solates at 25°C. However, conidial
production of the three summer isolates (SPSR-1, SPSQ
and SPSS) was similar to that reported by Parker et al.
(2003).

Results of this study will be helpful in selecting the
appropriate fungal 1solate for use in an integrated pest
management program against Sunn Pest in the target
environment.
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