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ABSTRACT

The entomopathogenic fungi, Merarhizium anisopliae and Beauveria bassiana were tested against onion insect pests.
Results showed that they significantly decreased the infestations with Thrips tabaci, Delia alfrii and Eumerus amoenus.
Under the laboratory conditions, 2642 C and 70-80 RH, the LCs s recoded were 113, 87 and 71 spores/ml for the
respective pests species by M. anisoplide. Using B. bassiana, the LCsgs were 110, 98 and 66 for the same insect
species, respectively. Respective LCsy s of Verticilltum lecanii were 161, 150 and 141 spores/ml. Under green house
conditions, results showed that the L.Cys of B. bassiana were 130, 87 and 65 spores/ml on T tabaci, D. alfrii and E.
amoemis while respective LCsq s of M. anisopliae were 121, 81 and 70 spores/ml. Under field conditions, the
infestation's percentages with T. tabaci were72 + 2.5, 83x 3.4 and 97+ 5.1% in the untreated plot and decreased to 31+
4.7,28+2.1 and 2122.2% after 20, 50 and 90 days in B. bassiana treated areas, respectively. Lesser effects on the target
insect pests under the field conditions were achieved by V. Jecanii and Bacilius thuringiensis. Generally, relative yield
loss significantly decreased when onion plants were treated with any of the B. bassiana, M. anisopline, V. lecanii and
B. thuringiensis.
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INTRODUCTION

in Egypt, onion is the 2™ major export crop after
cotton. This is mainly due to the increasing demand
of the crop tor local markets and export. Onion
becomes less important for export as a cache crop
due to the current infestations with different insect
pests and diseases either in the field or in the store.
The mijor insect pests attacking onion plants in the
field ‘are Thrips tabaci (Thripidae) onion maggots,
Delia sp. (Anthomyidae) and Ewmerus amoenus
{Syrphidae) which damage the onion crop when the
larvae tunneled into the base of the plant. These
insect pests were almost destructive to the young
plunts. As a result of infestation, the plant leaves
become yellow and dry, tinally leads fo the death of
the plant. Castineiras er al, (1996) stated that
Thrips had affected the yield and quality of
vegetubles especially onion and strawberry. In the
recent years, management of these pests has become
ditficuit. This difficulty increased due to the
introduction  of economically destructive pest
species. Thrips managements arve difficult because of
high levels of pesticide resistance resulling from
vears of exposure to different active ingredients.

Chemical insecticides are widely applied - for
control of Thrips. More than 20 insecticides,
including formulations for foliar spraying and soil
applied eranules are currently registered for Thrips
control (Plant Protection Manual, 2000). A desirable
management strategy advocated biological control as

a central component. The usage of microbial control
agents could give good results against the insect
pests without polluting the environment.

The ubiquitous. fungi Beauveria bassiana
(Balsamo), Verticiliium lecanii and Metarhizium
anisopliae  (Metschnikoff) are common disease
agents -associated with dead insects in nature, (Mc
Coy et al., 1988). These fungi have been scrutinized
worldwide as microbial control agents of soil
inhabiting insects in particular, McCoy (1995) and
Quintela and McCoy (1998) reported that tungal
concentrations of 10° and 107 conidiazml of B.
bassiana and M. anisopliae caused 90 - 100% larval
mortality. Also the fungus infects the adult maggots
and causes the fly to stick to the tip of the plants and
die. Federici and Maddos (1996) suggested that the
entomopathogenic  fungi causing such disease
outbreak in the insect pests. Lacy and Kaya (2000)
mentioned that most of the insect species can
be reduced by assortment of entomopathogenic
fungi.

The present work aims to evaluate the effect of
some entomopathogens against onion insect pests
under several conditions.

MATERIALS AND METHODS

An experimental area of about 200 m’ was
divided into 20 equal plots (10 m” each). Onion
plants (Giza-20 cultivar) were cultivated at the
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Nationul Research Centre farm at El-Noubaria (El--

Emam Malek district) on 15™ of December during
the two successive seasons (2004 and -2005). The
plants received regular agricultural practices but
without using pesticides through the whole growmg
seasons.

Laboratory trials

Rearing of the target insect pests

-+ T. tabaci adults and nymphs were reared on green
onion leaves under the laboratory conditions; 2622°C
and 70-80% RH. The leaves were changed every
other day. Onion maggots Delia alfrii ind Eumerus
amoeis were also reared on, onion bu]bs under the
samu ]abon atory conditions.

Effecl of Bacillus tkurmgtensr,s kurstaki, Dipel 2X

- (23000 10) :

Pieces of onion leaves ‘were sprayed with 6
concentrations (500, 250, 125, 63, 32 and 16 ug/mi)
of Dipel 2X. Two drops of tween 80 were added to
each concentration as a wetting agent. The leaves
were left for drying under laboratory conditions.
Thereafter, they were placed in Petri dishes
{one/ dish).fined with moistened filter paper. Twenty
adults of theT. tabaci were introduced to each dish
to feed for 24 hours. The adults were then
transferred (o similar  Petri-dishes and fed on
untreated onion leaves till death. The experiments
were replicated- four times. Control was made by
feeding the “adults on untreated onion leaves.
Percentages of -mortality were calculated and
corrected uaccording to Abbott, 1925, while LCss
were  calculated - through  probit  analysis
(Finney, 1964). The experiments were carried under
the” ldbomtoty COl‘Idlthl’ls of 26 = 2° C and 60-70%
R H

’Isolatmn of the fungus V. lecanii

The fungus V. lecanii was isolated from the dedd
and/or infected insect pests. The infected larvae
were stored individually in tightly closed sterilized
vials in a’ refrigerator at 4°C. Refrigerated
individuals were examined 24-48h post storage, then
dipped-in 2% sodium hypochlorite for 3-5 min and
washed with sterile distilled water. Isolates were
subcultured on nutrient PDA Medium; isclates were
identified at N.R.C. Microbiology Department. The
spores of V. lecanii were collected from the surface
of mycclium growth. The original culture of V.
lecanii was 8X10°spores/ ml. 0.5 ml was suspended
in 100ml - of distilled water and 2 drops of
emulsilying agents were added (Tween-80). This
“&ave rise to a concentration of 8X 10 spores/ml. The
‘pathdgen suspension undergoes 1-2 fold dilutions 6
times: ©

Cultivation of the fungi B. bassiana and M.
anisopliae and recovery of spores

B. bassiana (BR3) and M. anisopliae (RM3)
were kindly provided by Prof. Dr Alain Vey,
Mycology Unite; National De La Research
Stentifique, Univ. Montpellier. The fungi were
received in agar plates as sporulated cultures.
Conidiospores from these plate provided inocula
for all experiments, The spores of B. bassiana and
M. anisopliae were collected from the surface of
mycelium growth and spores suspensions were
mixed with Tween-80 (2drops). The preparation was
dituted in water and adjusted at a concentration of
16.5X108 conidia/ml. Conidiospores of both fungi
were harvested from fungal cultures thal were
produced on potato dextrose agar plus 0.4% yeast
extract (PDAY) and incubated for 10-15 days at
25+ 1 C°. Conidial inoculum was taken from pure
fungal cultures, with no more than two senal
passages from a host insect. Conidial viability was
determined by counting germ tubes produced on
PDAY after 18h using light microscope at 400X.
Conidial viability was 95-100%. The surface of the
cultures was gently brushed in the presence of 20 ml
of sterilized water, in order to free the spores, the
suspension was then filtered through muslin. The
concentration of the spores’ suspension was adjusted
using a haemocytometer to 16.5 X10° conidia/ml.

Effect of the fungi B. bassiana, M. anisopliae and

V. lecanii on the target insects

B. bassiana, M. anisopliae and V. lecanii were
used in 6" concentrations 16.5, 8.25, 4.125, 2.02,
1.06 and 0.5X10° spore/ ml. Pieces of onjon leaves
were dipped in the last prepared preparations and
Teft to dry under laboratory conditions then placed tn
Petri dishes ({one/dish} for each concentration
(4 replicates/ each). Third instar larvae of each of the
target insects were translerred into each Petri dish.
Control was made by feeding the larvae on untreated
onion-. leaves. The percentages of mortality were
calculated and corrected according to, Abbott
(1925), while. LCsps were calculated through probit
analysis: Finny (1964}). The experiments were cuarried
under the laboratory conditions of 2622° C and
60-70% R.H. -

Semi field (green house) trials

Onions were planted 1 a green house (40 plants
per plot). Natural infestation took place, the plants
were sprayed by the biopreparations of B. r,
B. bassiana, M. anisoplivde and V. lecanii ai the
concentrations of 300 ug/ml of Dipel 2X and 8.25 x
10° conidiafml for each .of ‘the fungi. €ontrol
samples were left without treatments:.. Theoonion
plants were examined -every:2 days. byqeransferging



the onion leaves to the lab. Percentage of
infestutions was calculated untit end of the
experiment. In the control, the larvac were fed on
untreated  onion leaves. Each treatment was
replicated 4 times. The percentages of mortality
were calculated and corrected according to Abbott
{1925), while LCsy s was calculated through probit
analysis (Finney, 1964).

Field trials

Triuls were carried out in onion cultivations
naturally infested with the E. amoenus, D. alfrii and
T. tabaci (300 m* apart from each other) at N.R.C.
farm at E!- Noubaryia during 2004 and 2005
seasons. Five onion plots, in each area were treated
by the rate of 2 g/5ml/10m’ of B. thuringiensis. The
fungi; B. bassiana, M. anisopliae and V. lecanii
were applied by the concentration 16.5x10® spores/
ml. Each treatment was sprayed weekly and
replicated 4 times. The percentages of infestations
by T. tabaci, D. alferii and E. amoenus after 20, 50
and 90 days from treatments were estimated. Four
plots were treated by water as check.

Yield assessment
Yield weight was estimated by kilograms for the
treated and untreated plots (Kg/feddan). Yield loss
was culceufated according to the following equation:

Potential yield - Actual yield
Potential yield

Yield loss=

Potential yield was the yield of B. bassiana
treated onion (which gave the best results among the
tested pathogens, taking as a base for comparing
other products)

RESULTS AND DISCUSSION

Data in table (1) show that the LCs, of B. . under
the laboratory conditions against T. rabaci, reached
220 uvg/ml and 292 ug/ml under the green house
conditions. The LCs, s of the same pathogen on
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D. alfrii and E. amoenus were 190 and 165 ug/ml
under the laboratory conditions and 207 and 191
ug/ml under the semi field conditions (Table 1).
Federici and Maddos (1996) mentioned that B.t. is
the most used entomopathogen in the United States
with thousands of tons applied annually to control
the pests of vegetables and field crops. Since 1987,
number of projects (Project report, 2003) reveled
that  the entomopathogens  (viruses, fungi,
microspordia and nematodes) reduced numbers of
Thrips on vegetables plants.

By treating the target insect pests under
laboratory conditions by the isolated fungi V.
lecanti, the LCses for T. tabaci, D. alfrii and E.
amoenus were, 161, 150 and (41 spore/ ml,
respectively. While under green house conditions,
they were 142, 138 and 111 spores/ml, respectively
(Table 1). The results show that after treating the 7.
tabaci by the fungi B. bassiana and M. anisopliae
under laboratory conditions, the LCsy were 110 and
113 spores/ml, respectively (Table 2). After
treatments with the same fungi under semi field
conditions the LCss ranged between 70 and 130
spores/ml (Table 2).

In field experiments, the data showed that
percentage of infestation with 7. tabaci decreased
significantly to 26% compared to 72% in the control
(Table 3). Percentage of infestation with D. alfrii
decreased to 23+3.2 after 20 days post treatment by
M. anisopliae compared to 65434 in the control
(Table 3). When the E. amoenus was treated by B.
bassiana, percentage of infestation was 27, 23 and
29% compared to 68, 85 and 96% in the control after
20, 50 and 90 days of treatments, respectively
(Table 3).

Castineiras et af. (1996) and Frantz and
Mellinger (1998) indicated that B. bassiana occurs
in Florida soil and this strain infected Thrips under
laboratory, semi field and field conditions. Also,
Thrips was controlied by this pathogen in the fields.

Table (1) Eftect of Bacillus thuringiensis and Verticillium lecanii on three target .insect pests under

laboratory and green house conditions

Agent & Green house Laboratory

Targetpests 1[G 0 v 5 g5 confidence limits LCsq v 5 o5, confidence limits
B. thuringiensis
T. rabaci 220 0001  1.02 233-143 292 0002 25 210-149
D. alfrii. 190 0.001 1.03 178-111 207  0.001 1.03 188-112
E. tmoenus 163 (.001 1.03 155-87 191 0.001 1.10 1 78-130

V. lecanii
T oabaci - -t61 --0.001 - 1.02 133-143 142 (0002 25 110-143
D. alfrii. 1 50---——04.001 1.03 78-111 138  0.001 1.03 88-122
E. amoenis -4 0.001 1.03 55-87 110001 1.10 78-132
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Table (2): Effect of fungi on three target insect pests under laboratory and green house conditions,

B bassiana

M. anisopliae

Pathogens LCsq 057 LCs gsey
target insects  (Spores/ml) Varinee Slope confidence (Spores/ml)  viiunce Stope confidence
x 10° Limits x10% x 10° Limits x 10
Laborutory
T. tabaci 110 0.001 1.12 127-88 113 0.001 1.50) 132-800
D alfrii. 08 0.002 1.03 FE2-76 87 0.002 1.27 112-75
E. amoenus 66 0.004 1.33 85-35 71 0.002 1.22 81-55.
Green house :
T. whaci 130 0.001 1.02 146-98 121 0.001 .00} 132-90
D alfrii. 87 0.002 1.02 110-66 81 0.002  0.002 100-65
E amaoenus 65 0.002 1.30 85-57 70 0.002  0.002 91-50

Table (3): Effect of different treatments on three target insect pests under field conditions

Post I application

% of infestations (mean) +s.e

date Treatments T. tabaci D. alfrii E. amnenus
20 Control 7242.5 65+3.4 68+1.6
50 83+3.4 74+3.3 85+2.3
90 97+5.1 05+3.1 96+3.3.
20 B. thuringiensis 52+£2.6 35424 55+4.5
50 53+3.3 54+42.3 5427
90 9)+5.2 59+2.1 59432
20 B. bassiana 31£4.7 24 +4.5 27+4.5
50 28+ 2.1 2742.6 23+ 5.2
90 2142, 20435 20+4.5
20 M. anisopliae 26+3.4 23+ 3.2 22433
50 21£3.2 20+ 34 32344
90 20442 15+ 2.5 21226
20 B. thuringiensis 35+5.3 32433 4551
50 30+2.2 44+5.1 48+4.6
90 33+3.6 3042 39+2.1
20 V. lecanii 44+2.3 40+2.1 31233
30 55+14 51+6.2 39+4.3
90 67427 60=5.3 L A6£3.6 -
Table {4): Assessments of damage caused among treatments
Treatments Season 2004 Season 2005 _
Weight % of yield loss Weight % of yield loss
kg/feddan kg/teddan kg/teddan kg/feddan
Control 1117£55.74 73 1002 £57.9 80
© B thuringiensis 2012+76.93 : 51 2981+79.28 40
© B bassiana 4156+80.51 0 5011+73 90 0
M. anisopliae 4023+69.84 3 4561+65.82 9
TV fecanit’ 27 3120+89.53 37

~ Fvalue=

300156136

339

T LSD%=

T11.46




Insects can also spread the fungus through mating
(Long er al. 2000). High humidity and free water
enhanced activity of the conidia and the subsequent
infection of the insect. Fungal spores infected pests
in ceol to moderate temperatures and were readily
killed By solar radiatibn (Goettel e al. 2000 and
Wraight and Ramos, 2002). Frantz and Mellinger
(1998) found that the fungi B. bassiana gave good
results for controlling Thrips, especially at high
infestations. They also found that the fungus
B. bassiana could infect Thrips and decrease its
number.

One formulation of B. bassiana, Mycotrol™, was
reported o be sensitive to high temperatures with
best results at temperatures between 70 and 80°F.
Slow growth at warmer temperatures may make this
a poor option for growers in southern states
(Kuepper, 2003). Kovach and Engtlish-Loeb (1997)
worked on the major pests of strawberries, indicated
that the plant bugs populations and their damage
could be reduced to about half by four applications
of a product containing B. bassiana.

Data in table {4) show that the weight of the onion
bulbs in B.  bassiana treated cultivations reached
5011 and 4156 kg/feddan compared to 1002 and
1117 ka/feddan in the contrel plots in 2005 and 2004
crop seusons, respectively. The weight of onion
bulbs in all treatments ranged between 4023 and

2012 kg/feddan, this led to significant decrease of

the yicld ranged between 3 -51% kg/feddan during
season 2004 (Table 4). During season 2005, the
yield of onion bulb weight was significantly
increased after treatment with the different types of
entomopathogens compared to 1002 kg/feddan in
the untrcated plots. The percent of yield reduction
ranged between 9 - 40 % compared to 80 % in the
control (Table 4). Similar results were obtained by
Seweily  (1998), Quintela and McCoy 1998,
Mansour (1999), Long et al. (2000), Wraight and
Ramos (2002) and Sabbour and Sahab (2005) and
(2007) who reported that the crop yield increased
after treaments with the fungi.

REFERENCES

Abbotl, W. S, 1925, A method of computing the
effectiveness of an insecticide. J. Econ. Entomol.,
18: 265-267.

Castineiras, A., J. E. Pena, R. Duncan and L.
Osborne, 1996, Potential of Beanveria bassiana
and Paeciloinyces Sfinnosoroseus
{Deuteromycotina: Hyphomycetes) as biological
contro! agents of Thrips palmi (Thysanoptera:
Thripidae). Florida Ent. 79: 458-461.

39

Federici, B. A. and I. V. Maddos, 1996. Host
specificity of microbes, Insect Interaction
Biosctence. Vol 46. No, 6.

Finney, D. J., 1964. Probit analysis. 2* Ed,,
Cambridge. Univ. Press. England. 318 pp.

Frantz, G. and H. Mellinger, 1998. Potential use of
Beauveria bassiana for biological control of
Thrips in peppers. Glads crop care. Inc. 1-15.

Goettel, M. S, G. D. Inglis and S.P. Wraight.
2000. Fungi, pp.255- 282. In Field Manual of
Techniques in Invertebrate Pathology. Eds.
L. A. Lacey and H. K. Kaya. Kluwer Academic
Press.

Kovach, J. and G. English-Loeb. 1997. Testing the
efficacy of Mycotrol ES, Beauveria bassiana, on
tarnished plant bugs, Lygus lineiolaris, in New
York Strawberries. http://www.nysipm.cornell.
edu/publications/beauveria/beauveria.html.

Kuepper, G. 2003. Colorado Potato Beetle: Organic
Control Options. Northeastern US. Proceedings,
International  Colloquium  on  Invertebrate
Pathology and Microbial Control, Foz do Iguacu,
Brazil. 8: 265-269.

Lacy, L. A. and H. K. Kaya. 2000, Field manual
techniques in invertebrate pathology. Application
and evaluation of pathogens for control of insects
and other invertebrate pests. Kluwer Academic
Publ. Dordrecht.

Long, D.W., G.A. Drummond,and E. Groden. 2000.
Horizontal transmission of Beauveria bassiana.
Agriculture and Forest Entomology 2:11-17.

Mansour, H. A, M. 1999 Studies on
entomopathogenic fungus Beauveria bassiana as
biological control agent for some economically
important insects. Ph. D). Thesis, Fac. of Agric.
Kater EL-Sheikh. Tanta. Univ., 198 pp.

Mc Coy, C. W., R.A. Samaon and D.G. Boucias,
1988. Entomogenous fungi. In: Hand Book of
Natural Pesticides. [gnoffo C. M. and N. B.
Mandava (Eds.). Microbial pesticides Part A,
Entomophaga Protozoa and Fungi. CRC. Boca.
FL., 5:151-236.

Mec Coy, C. W, 1995, Entomopathogens in the
development of an IPM strategy for citrus root
weevil larvae in soil. Proc. USDA. IR4/EPA
Biopesticide Workshop pp 9-12.

Quintela, E. D. and C. W. McCoy, 1998. Conidial
attachment of Merarhizium anisopliae and
Beauveria bassiana to the larval cuticle of
Diaprepes abbreviatus treated with imidacloprid.
J. Ivert. Pathol., 72: 220-230.

Project report 2003. Development, evaluations of
safety of entomopathogens for controlling
arthropods pests, http://www.Onion project .htm,
2007.

Sabbour, M. M. and Sahab, A. 2005. Efficacy of



40

some microbial control agents against cabbage controlling three lepidopterous pests infesiing
pests in Egypt. J. Pak. of Biol. Sci. (8) 10: 1351- maize in Egypt. Proceeding of first symposium
1356. for applied Biol. Cont. in Mediterranean

Sabbour, M.M. and A. F.Sahab 2007. Efficacy of countries, Cairo. Egypt.
some microbial control agents against Agroris  Wraight, S.P. and M. E. Ramos. 2002. Application

ipsilon and Heliothis armigera in Egypt. Bull. N. ~ factors affecting the field efficacy of Beauveria
R.C. Egypt. 13: 21-42. bassiana foliar treatments against the Colorado
Sweify, G. H. 1998. Evaluation of entomopatho- potato  beetle, Leptinotarsa  decemlineata.

genic. Beauveria bassiana (Balsamo.) Vuill. for Biological Control. 23(2):164- 171.





