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Abstract:

Sunn Pest, Eurygaster integriceps Puton, is a major pest of
wheat in Eastern Europe and the Near and Middle East. The success of
any mycoinsecticide depends on the virulence of the isolates that are
sprayed. One of the hurdles in the development of entomopathogenic
fungi such as Beauveria bassiana is the loss of virulence when
successively maintained in vitro. Three Isolates of B. bassiana were
sub-cultured 30 times on SDAY 14, and then passed through the Sunn
pest insect. The three isolates tested became significantly more
pathogenic to the pest after the first passage through the insects.
Lowering of the LCso values was obtained when the isolates were
passed through the Sunn Pest. Similarly, the LTso value decreased after
passage of the sub-cultured isolates through the insect host. Results
show that the virulence and stability of isolates can vary according to
the fungal isolates; therefore, they should be monitored in a
commercial production setting.
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1- Introduction:

Sunn Pest, Eurygaster integriceps Puton, is a major pest of
wheat in Eastern Europe and the Near and Middle East [1]. The insect
injects enzymes while feeding on the grains and the baking quality of
bread made from the flour is poor and unfit for human consumption
[2]. Control of Sunn Pest mostly relies on the use of chemical
insecticides [3]. The continuous use of chemical insecticides has
resulted in serious management problems such as resistance to the
insecticides, pest resurgence, elimination of beneficial insects and
toxicity to humans and wildlife [4]. Entomopathogenic fungi that
parasitize insects are valuable weapons for biocontrol and play an
important role in promoting IPM [5]. Fungal pathogenicity to a target
insect pest varies largely among species and isolates [6, 7]. The
success of any mycoinsecticide depends on the virulence of the
infective conidia that are sprayed in the field and overwintering site.
Stability in continuous in vitro cultivation is desirable for the purpose
of large-scale production of fungal bio-pesticides. The maintenance of
virulence is critical, as strains of entomopathogenic fungi including
Beauveria bassiana (Balsamo) Vuillemin, tend to reduce the
sporulation and virulence during the successive sub-culturing on
artificial media [8, 9, 10]. Until now, the sole possibility of
overcoming this phenomenon is with a periodical passage through the
target host [11, 12]. Information about the reasons of why fungus
becomes attenuated is little; however, it is apparent that strains differ
in their stability when cultured on artificial media [13]. Stable strains
conserve virulence for several generations, whereas unstable strains
usually become attenuated after a few subcultures [9, 10]. Thus, the
selection of a strain that is stable throughout the production period is
axiomatic to the successful development of fungi as biopesticides. The
extent of the effect of repeated in vitro sub-culturing on viability and
morphological, biochemical, and molecular characteristics, on the
virulence and host specificity, varies considerably within
entomopathogenic fungus strain. The aim of this study was to
investigate the change of the virulence of some B. bassiana isolates

reared on artificial media after passing them through their host.
2- Methodology
2-1- Organism:
Four Isolates of B. bassiana, SPSR2, SP22, SPT566 and GHA
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(the active fungal ingredient of commercially available BotaniGard, as
compared treatment), were obtained from the ICARDA fungal culture
collection maintained at plant protection research lab. Fungal isolates
were sub-cultured 30 times on SDAY 14 (neopeptone 2.5 g/L, dextrose
10 g/L, agar 15 g/liter, and yeast 2.5 g/L; all Difco, Becton-Dickinson).
For in vivo passage in the insect host, conidial suspension 1x10’
conidia ml* of the sub-culture B. bassiana isolates were prepared.
Sunn pest adults were sprayed with conidial suspension, and were kept
in clean plots containing wheat leaflet, and then incubated at 22 + 2°C
and 65 = 5% rH. The conidia from cadavers were harvested and single-
spore isolates were prepared from Sunn pest cadavers killed in the
initial bioassay.

For each of the treatments, five culture plates were prepared by
spreading 100 pl of 1x107 conidia mI* onto SDAYy4. Plates were
held for 14 days at 22 + 2°C and 65 + 5% rH, to maximize spore
production. Conidia were then harvested by flooding each plate with
10 ml? of sterile distilled water (SDW) containing 0.01% (v/v) Tween
80 (Sigma) and dislodging the conidia into suspension by stirring with
a glass rod. All samples were vortexed 3 min to break up the conidial
chains or clumps. Conidia were separated from hyphae and substrate
materials by filtration of the suspension through two layers of cheese-
cloth. The concentrations of fungal conidia in suspensions were
determined using a haemocytometer.

2-2- Bioassay:

Sunn pest adults were collected from wheat, one day before
treatment, and stored in plastic ventilated containers in a refrigerator at
5°C until being used.

Sunn Pest adults were treated with B. bassiana isolates at
1x10°, 1x10° 1x107 and 1x108 conidia ml?, for the two treatments
(30" sub-culturing and after passing through the Sunn pest).
Concentrations were prepared in SDW containing Tween 80 (0.01%
V/V). Ten adults (5 & and 5 Q) per isolate and concentration were used.
To secure the insects for topical application, individuals were placed
on a strip of scotch tape with dorsal side down and 5ul of conidial
suspension was applied/insect to the mesosternum. Control insects
were treated with SDW containing Tween. After the application was
dry (20 min), insects were transferred to wheat growing in pots (7 cm
diameter and 8.5 cm height) surrounded by clear plastic cages and
incubated at 22 + 2°C and 65 + 5% rH for 22 days. A split-plot design
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with five replicates was used. Mortality was counted 4, 6, 8, 10, 12,
until 22 days post application. Dead insects from each treatment were
surface sterilized and kept separately in petri dishes containing sterile
paper toweling moistened with 0.10% streptomycin sulfate and 0.02%
penicillin G. Dishes were then incubated at 22 + 2°C and 65 + 5% rH
for 2 weeks to observe fungal outgrowth [14].

2-3- Conidia germination assays

The germination of conidia obtained from the 30" subcultures
and after passing through the Sunn Pest was assessed by inoculating
50 pl of conidial suspension (1x10° conidia ml**) on SDAY 14 plates.
Plates were incubated for 10 h in the dark at 22 = 2°C for each
treatment. Germination was observed in three separate fields of view at
x40 magnification. One hundred conidia were observed randomly in
each field of view and were considered to have been germinated when
their germ tubes were equal to or greater than their width.

2-4- Statistical analysis

Cumulative mortality was corrected for natural mortality using
Abbott’s formula [15], and analyzed statistically using ANOVA.
Means were separated using Fisher’s Unprotected LSD at P= 0.05. The
computations were done using GenStat Ed:12 [16]. Probit analysis was
used to estimate LCso of the isolates with 95% confidence limits (CL)
and LTso values using R program [17].

3- Results and Discussion

No significant differences (P > 0.05) were observed in conidia
germination rates on SDAY14 plates for 30" subcultures and after
passing through Sunn Pest. The highest germination rates were from
Isolates SPSR2 after passing through Sunn Pest and reached 98%, but
with no significant differences with other isolates used in this study.

Corrected mortalities caused by the tested isolates are shown in
table 1. The three isolates tested became significantly more pathogenic
to the pest species from the first passage through the insects (F=2.62, P
=0.001), causing 68-81% mortalities compared with 23-78% before
passing through the host when 1x108 conidia ml™* were used.

Under the same concentrated spray, the three isolates derived
from the first passage through the insect killed more Sunn pest.
However, significant mortality changes were not found among the
SPSR2 isolate, which reflects the stability of these isolates under sub-
culturing conditions, while significant mortality was observed when
SPT566 isolate was sub-cultured for 30 times.
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Table 1: Changes in corrected Sunn Pest mortality during the passages
of three Beaueria bassiana isolates through the host insect species.

Day 18
Treatment Concentration
1x10° 1x108 1x107 1x108
SPSR-2.B 13.22+1.83 14+4.08 44.26+7.45 78+6.63
SPSR.2.A 23.74+4.27 22.96+4.33 51.65+9.45 81.48+7.58
SPT-22.B 10+4.47 10+3.16 50.87+5.44 62.43+4.85
SPT-22.A 12.26+2.86 32.26+10.98 55.65+10.10 | 72.96+7.65
SPT-566.B 8+3.74 18.43+5.50 32.96+3.74 48.61+£3.03
SPT-566.A 14+5.10 23.5748.07 57.74+6.86 67.48+7.98
GHA 22+8.60 28.96+5.09 36.96+3.75 45.3+5.62
d.f. f F pr. l.s.d.
Treat 6 3.97 0.001 8.78
Concentration 3 93.35 <.001 6.64
Treat.Concen 18 2.62 0.001 17.56
Total 139

B. 30" sub-culturing isolates. A after passing throughout Sunn pest.
The passage of B. bassiana through insect’s host resulted in
lowering the LCso values from 1.76x10 to 6.04x10° conidia mI™* when
SPSR2 isolate was used. The highest differences were recorded when
the SPT566 was sub-cultured or passed through Sunn Pest, and the
LCso was decreased from 7.27x107 to 1.12x107, which reflected the
decrease in the isolate’s virulence when it was sub-cultured for 30
times in the artificial media.
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Figure 1: Changes in median lethal concentration (LCso) of three Beaueria

bassiana. B, 30" sub-cultured isolates. A, after passing throughout Sunn Pest.
Similarly, the LTso value was decreased after passage of the
sub-cultured isolates through the insect host. Decrease of the LTso
value varied according to fungal isolates. The lowest LTso value was
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observed from isolate SPSR2, while the highest LTso value was from
sub-cultured isolates SPT566. The most virulent conidia were from
isolate SPSR2, which had LTso values ranging from 10.52 to 8.85 days
at the concentration of 1x10® conidia mI*!
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Figure 2: Changes in median lethal time (LTso) of three Beaueria bassiana
isolates. B, 30" sub-cultured isolates. A, after passing throughout Sunn Pest.

Discussion

The present study demonstrates that successive subcultures of
B. bassiana on solid media differ significantly in their virulence. The
pattern of change was strain dependent. In this study, B.bassiana
isolates were declined in virulence after 30 successive in vitro
subcultures. Safavi [18] demonstrated that three isolates of B. bassiana
tested for their stability after 15 subcultures showed attenuation of
virulence. Similarly, 20-40 subcultures caused M. anisopliae to decline
in virulence against Helicoverpa armigera Hubner (Lepidoptera;
Noctuidae) [19]. A decline in virulence after nine subcultures was
accompanied by rapid changes in the surface properties of conidia of
M. anisopliae-infecting T. molitor [20]. In contrast, other researchers
did not observe a decline in virulence afte 15 and 30 successive
subcultures on nutrient-rich media for Beauveria bassiana (Balsamo),

Isaria farinosa Holmskiold (=Paecilomyces farinosus) and Isaria

fumosoroseus Wize (=Paecilomyces fumosoroseus)
[21, 22; 23, 24]. The LTso values were in accordance with mortality
data, as they gradually increased among subcultures of isolates, which
was supported by Safavi’s [18] results. Butt et al. [9] stated that
isolates of entomopathogenic fungi differ in their stability when
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maintained on artificial media with some isolates clearly degenerating

more rapidly than others, which was supported by our results.

It is still unclear exactly which characteristics of the fungi are
changed when a decline in virulence occurs and a passing through a
host can often restore virulence. Mechanisms behind this phenomenon
are still unclear; Butt et al. [9] suggested inheritance of altered
characteristics involving several genetic mechanisms such as DNA
methylation and transposon activity.

Finally, our results show that the virulence and stability of
isolates can vary according to the fungal isolates; therefore, they
should be monitored in a commercial production setting. Stable
isolates retain virulence for several generations, whereas unstable ones
usually become attenuated after a few subcultures [9]. However,
determination of isolate stability virulence through successive sub-
culturing may provide an alternative for the selection of best strain for
commercial purposes.

References:

1- PARKER B. L., COSTA S. D., SKINNER M., EL-BOUHSSINI
M. 2002- Sampling Sunn Pest (Eurygaster integriceps Puton) in
overwintering sites in northern Syria. Turkey Journal for
Agricultural and Forestry, 26, 109-117.

2- EL-HARAMEIN F. J., EL BOUHSSINI M., AMIR-MAAFI M.,
CANHILAL R., KUTUK H. 2007- The Impact of Sunn pest
Density on Grain and Flour Quality. In: Parker BL, Skinner M,
El Bouhssini M, Kumari SG. (Eds.). Sunn Pest management: A
Decade of Progress 1994-2004. Published by the Arab Society for
Plant Protection, Beirut, Lebanon, 181-186.

3- EL BOUHSSINI M., STREET K., JOUBI A., IBRAHIM Z.
RIHAWI F. 2009- Sources of Wheat resistance to Sunn pest,
Eurygaster integriceps Puton, in Syria. Genetic Resources and
Crop Evolution. DOI: 10.1007/s10722-009-9427-1.

4- HENDRAWAN S., IBRAHIM, Y. 2006- Effect of dust
formulations of three entomopathogenic fungal isolates against
Stiphilus oryzae (Coleoptera: Curculionidae) in rice grain.
Journal of Biosciences, 17, 1-7.

5- COOKE R. 1977- The biology of symbiotic fungi. John Willey
and Sons, New York.

74



2018 Al 131 asal Zuchy 3 aslall bl s Faals Cigas dlas

6- FENG M.G., POPRAWSKI T.J., KHACHATOURIANS G.G.,

1994- Production, formulation and application of the

entomopathogenic fungus Beauveria bassiana for insect

control: current status. Biocontrol Sci. Technol. 4, 3-34.

ROBERTS D.W., ST. LEGER R.J. 2004- Metarhizium spp.,

cosmopolitan insect-pathogenic fungi: mycological aspects. Adv.

Appl. Microbiol. 54, 1-70.

SHAH F.A., BUTT T.M. 2005- Influence of nutrition on the

production and physiology of sectors produced by the insect

pathogenic fungus Metarhizium anisopliae. FEMS Microbiol Lett

250, 201-207.

BUTT T.M.,, WANG C.S., SHAH F.A, HALL R., 2006-

Degeneration of Entomogenous Fungi. In An Ecological and

Societal Approach to Biological Control, eds J. Eilenberg and

H.M.T. Hokkanen, Amsterdam: Springer, pp.213-226.

10-Losch A., Hutwimmer S., Strasser H. 2010- Carbon utilization
pattern as a potential quality control criterion for virulence of
Beauveria brongniartii. J Invertebr Pathol, 104, 58-65.

11-FARGUES J.F.,, ROBERT P.H. 1983- Effect of passaging
through scarabeid hosts on the virulence and host specificity of
two strains of the entomopathogenic hyphomycete Metarhizium
anisopliae. Can. J. Microbiol. 29, 576-583.

12-BUTT T.M. GOETTEL M.S. 2000- Bioassays of
entomopathogenic fungi. In Bioassays of Entomopathogenic
Microbes and Nematodes ed. Navon, A. and Ascher, K.R.S. pp.
141-195 Wallingford, UK: CAB International.

13-HUTWIMMER S., WAGNER S., AFFENZELLER M,
BURGSTALLER W., STRASSER,H. 2008- Algorithm-based
design of synthetic growth media stimulating virulence
properties of Metarhizium anisopliae conidia. J Appl Microbiol
105, 2026-2034.

14-LACEY L.A., BROOKS W.M., 1997- Initial handling and
diagnosis of diseased insects. In: Lacey LA., Ed.,, Manual of
Techniques in Insect Pathology. Academic Press, New York. Pp:
1-15.

15- ABBOTT W.S., 1952- A method of computing the effectiveness
of an insecticide. Journal of Economic Entomology, 18, 265-267.

16-PAYNE R.W., 2011- The Guide to GenStat® Release 14. Part 2:
Statistics. VSN International, Hemel Hempstead, UK.

7

8

9

75



é.lha “5‘»:\)3 .

17-R CORE TEAM, 2012- R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-
project.org/.

18-SAFAVI S. A., 2011- Successive subculturing alters spore-
bound Prl activity, germination and virulence of the
entomopathogenic fungus, Beauveria bassiana, Biocontrol
Science and Technology, 21:8, 883-891.

19-NAHAR P.B., KULKARANI S.A., KULYE M.S., CHAVAN S.B.,
KULKARANI G., RAJENDRAN A., YADAV P.D., SHOUCHE
Y. ET AL. 2008- Effect of repeated in vitro subculturing on the
virulence of Metarhizium anisopliae against Helicoverpa
armigera (Lepidoptera: Noctuidae). Biocontrol Sci Technol, 18,
337-355.

20-SHAH F.A., ALLEN N., WRIGHT CJ., BUTT T.M. 2007-
Repeated in-vitro subculturing alters spore surface properties
and virulence of Metarhizium anisopliae. FEMS Microbiol Lett
276, 60—66.

21-HAYDEN T.P., BIDOCHKA M.J., KHACHATOURIANS G.G.
1992- Pathogenicity of several fungi toward the English grain
aphid (Homoptera: Aphididae) and enhancement of virulence
with host passage of Paecilomyces farinosus. J Econ Entomol 85,
58-64.

22-BROWNBRIDGE M., COSTA S., JARONSKI S.T., 2001- Effects
of in vitro passage of Beauveria bassiana on virulence of
Bemisia argentifolii, J. Invertebr. Pathol. 77: 280-283.

23-VANDENBERG J.D., CANTONE F.A., 2004- Effect of serial
transfer of three strains of Paecilomyces fumosoroseus on
growth in vitro, virulence and host specificity, J. Invertebr.
Pathol. 85: 40-45.

24- ANSARI M.A., BUTT T.M. 2011- Effects of successive
subculturing on stability, virulence, conidial yield, germination
and shelf-life of entomopathogenic fungi. Journal of Applied
Microbiology, 110, 1460-1469.

76


http://www.r-project.org/
http://www.r-project.org/

