_.,!._:' %
:‘.{l’ \:-' Journal of Basic and Environmental Sciences 2 (2023) 51- 66 Online: 2356-6388
o SO 2

Print: 2536-9202
Review Article Open Access

Effect of storage temperatures on the pathogenicity of Beauveria bassiana formulations against the cotton

leaf worm, Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae)

Hussein Farid Mohamed*!, Sahar Sayed Ali Mohamed?, Mahmoud Abd-elmohsen Sweilem?, Reyad Mohamed
El-Sharkawy 3and Ola Elsayed Abd Alrahman El-khawaga'

IBiological Applications Department, Nuclear Research Centre, Atomic Energy Authority, Egypt.
?Bio-Insecticide Production Unit, Plant Protection Research Institute, Agricultural Research Center, Giza, Egypt
3Botany department, Faculty of Science, Benha University, Egypt.

*E-mail: husseinmohamed29@yahoo.com

Abstract :

The aerial conidia of the entomopathogenic fungus Beauveria bassiana served as the basis for the preparation of
the wettable powder and inverted emulsion formulations. We evaluated the insecticidal efficacy of prepared
conidia against the second-instar larva of the Cotton leafworm, Spodoptera littoralis, according to storage
temperature in order to establish the ideal conditions for long-term storage.

The formulations' pathogenicity to S. /ittoralis larvae varied significantly, according to an analysis of mortality
data. The formulation that best preserved the pathogenicity of conidia for a longer period of time was wettable
powder. Formula kept at freezing conditions -10°C was more virulent comparing to formula kept at cooling
conditions 4°C and at the room temperature (25°C). This finding implies that conidial pathogenicity is
maintained at low and moderate temperatures.
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1. Introduction:

The Egyptian cotton leafworm (CLW),
Spodoptera littoralis  (Boisduval) (Lepidoptera:
Noctuidae) is one of the most destructive pests of
several crops such as cotton, corn, peanut, clover,
vegetables, and various fruits in Africa, Asia and
Europe [1, 2, 3].The cotton leaf worm is a destructive
pest to about 112 host plants from different families
in Egypt as well as in Mediterranean and Middle East
countries [4, 5]. In addition to its direct damage,
reducing photosynthetic area and reducing the
marketability of vegetables and ornamentals [6].
The most effective control measure against cotton
leaf worm has been achieved by using chemical
insecticides [7]. Over the past 40 years, the intensive
use of broad-spectrum insecticides against the cotton
leaf worm had led to the development of resistance to
many of them [8, 9]. Also, the continuous and unwise
use of insecticides to control agricultural pests
usually lead to adverse effects on beneficial insects,
fish, and wildlife, hazards to man and animals by
environmental pollution, and residues in foods [10, 2,
11]. Therefore, there is a great need to research
alternative control agents with a new mode of action,
safe to non-target organisms and environment
components, and compatible with integrated pest
management practices. Entomopathogenic fungi
(EPFs) are common natural enemies of arthropods

worldwide and are attracting attention as potential

biocontrol agents. There are more than 700 species
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of EPFs [12, 13, 14]. Because they occur naturally,
EPFs also have low environmental impact and are
generally considered environmentally safe agents
with low toxicity to mammals [15]. Temperature
plays a significant role on the effectiveness of EFPs,
especially high temperatures affect negatively
conidial viability and germination [16, 15]. For
example, Beauveria bassiana was found to be more
effective  against Rhyzopertha dominica and
Sitophilus oryzae at 26 °C than at 30 °C [17]. High
temperature reduces the viability of conidia in the
field, a major obstacle to the successful application
of entomopathogenic  fungi in  agriculture.
Temperature is important for entomopathogenic
fungi because it affects their metabolism by altering
processes involving enzymes, toxins, spore
germination, germ tube development, infiltration,
colonization, and reproduction. To maintain the
viability of conidia in the field, reduce costs and
ensure biological control, another approach is to use
formulated products that may provide benefits such
as protecting conidia from radiation, increasing
shelf live and facilitating storage, transport, etc.
Jones and Burges [18] Among the commercial
biopesticides currently on the market, about 25% of
the sales are products formulated from oil
dispersions, and the remaining 75% are sold as
technical products only, without treatment or Add
substances to improve, field persistence, efficient

pest control, etc. [19]. Wettable powders (WP) are
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usually composed of mineral materials such as clays
and talc that can be ground into fine, sprayable
powders. Powder formulations with integrated
wetting agents, and often including drying materials,
have been among the most favored of the
formulations used by commercial developers. They
are generally easy to handle, have excellent physical
properties (preventing fungal propagules from
settling and forming aggregations that may be
difficult to re-suspend), typically support maximum
shelf life of the formulated propagules, are light-
weight (minimizing shipping costs), and exhibit low
phytotoxicity [20]. Invert emulsion formulation of
B. bassiana has a milky appearance and can provide
the formulated fungus conidia with the water required
for germination after application and they contain
ingredients that are not harmful and can promote
conidial germination and penetration of the insect
host [21]. Therefore, this study aimed to prepare
different formulations and evaluate the effect of
different temperatures on the conidia of the
formulated entomopathogenic fungus B. bassiana to
examine their pathogenicity to the insect S.
littoralis.

2. Materials and Methods

2.1. Culture conditions

The entomopathogenic fungus isolate, B. bassiana
(AUMC 9896) was isolated in Bio-insecticide

Production Unit, Plant Protection Research Institute

and identified in Mycological Center, Faculty of
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Science, Assiut University [16]. This isolate was
cultured on Czapek-dox agar (CZA) plates in several
Petri dishes (9 cm in diameter) and were grown for
15 days at 25+1°C.

2.1.1. Preparing the wettable-powder formulation

A 250 ml conical flask containing 500 g of talc
powder was used as the carrier, and it was sterilized
for two days at 160 °C for an hour each day.
Following sterilization, the carriers were combined
with 5.0% gelatin to act as a sticker, 0.5% sodium
glutamate to act as stabilizers, 0.2% Congo red to
work as a UV protection, and 0.05% gentamycin to
act as an antibiotic to fight germs. Conidia can be
collected by gently scraping the surface of 14—15-
day-old cultures with a sterile glass slide. 3.0 x 10°
conidia/ml were thought to represent the approximate
number of conidia in each plate.

Conidia from 10 plates were collected, and some of
them were combined with powdered ingredients to
create a wettable powder composition (unpublished
data). This was calculated to be 2.5 X10® conidia per
gram of powder. For three days, the mixture was
allowed to thoroughly dray at room temperature (25
%C) into the sterile cabinet. The mixture was
thoroughly ground by the mixer while cooling after it
had dried completely. For the duration of the
bioassays, the produced formulation was kept in
sterile 50 ml falcon tubes and refrigerated at various

temperatures (-10°C, 4°C, and room temperature).
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2.1.2. Preparing the inverted emulsion (water-in-
oil formulation)

The inverted emulsion formulation consisted of two
phases: (a) water or aqueous phase comprising of a
mixture of sterile distilled (45% w / w), glycerin
(4.00% wAwv), and water-soluble emulsifier (span 60:
6.00% wAw), and (b) oil phase comprising of a
mixture of sunflower oil (43% w/ w) and oil-
soluble emulsifier: Tween 20 (2.00% w/ w). For the
preparation of this formulation, the ingredients of
each one of the two phases were first mixed
separately and then the two phases were combined in
a 50: 50%ratio by adding the aqueous phase onto the
oil phase to obtain a water-in-oil formulation, the two
phases are mixed at a high speed (20,000-25,000rpm
for 1.5min using a homogenizer). The high speed of
mixing is necessary to ensure the homogeneity of the
emulsion produced and to obtain longer stability [21].
2.1.3. Introduction of conidia of B. bassiana into
inverted emulsion formulation

The conidia were harvested by scratching the 14-15
day old culture's surface gently with sterilized glass
slid and then suspended in sterile de-ionized water.
The conidial suspension was then standardized at 4.0
x 107 conidia/ml to get a final conidial concentration
of 1.0 x 107 conidia/ml in the prepared formulation.
Introduction of standardized conidial suspension into
emulsion was performed during preparation of the
ingredients by mixing them first with sterile de-

ionized water which comprised 45% w/w of total
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volume of the emulsion. The fungal conidia
concentration in the final emulsion was fixed at 1.0 x
107 conidia/ml. This is due to the fact the brought
conidial suspension in the aqueous phase become
standardized at 4.0 x 107 conidia/ml as decided by
way of a haemocytometer. The prepared emulsion
was held in darkish screw-caped glass bottles (500-
ml capacity) and stored at different temperatures (-
10°C, 4°C and room temperature) for the complete
period of bioassays

2.2. Rearing of the Egyptian cotton leafworm,
Spodoptera littoralis

Egg masses of the cotton leafworm, Spodoptera
littoralis were gained from the Nuclear Research
Center (NRC), the Egyptian Atomic Energy
Authority (EAEA), Anshas area. Newly hatched
larvae were kept in clean glass jars covered with a
muslin cloth, where they fed on clean fresh castor
bean leaves, Ricinus communis L., under laboratory
conditions at 27+1.0°C and 70.0+5.0% R.H. and a
photoperiod of 12:12 hrs. (L: D) as described by [22,
23]. As larvae reached the 2" instars, they were used
in the experiments described below.

2.3. Pathogenicity of B. bassiana Formulation
against the Larvae of S. littoralis

To assess the pathogenicity of B. bassiana against 2"
instars larvae of S. littoralis; Samples of each
formulation (WP and IE) were obtained at zero time.

Blended 1g WP with 10ml sterile distilled water by

vortex for 10 min (as crude of WP or 100% conic).
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Four concentrations were prepared (100, 75, 50, and
25%) from (WP, IE) by distilled water. Fresh caster
leaves and plastic containers were sprayed with each
concentration of WP, IE, and distilled water as
negative control. After air drying, the treated leaves
were transferred into the contaminated containers and
provided with 10 second instar larvae of S. littoralis
each replicate (4 replicates). All containers were
covered with muslin cloth for aeration [24] and
maintained in an incubator at 27+1.0°C and
70.0+£5.0% relative humidity. The mortality was
recorded daily, and accumulative larval mortality was
determined at the end of the larval instar. The
mortality percentages were corrected by Abbott’s
formula [25]. The virulence of B. bassiana
formulations were stored for 7 months under different
storage conditions was evaluated under laboratory
conditions using the same technique as the
pathogenicity test.

2.4. Statistical analysis

The mortality data for all treatments were analyzed
by two-way analysis of variance (ANOVA) followed

by comparison of means using Tukey's HSD test

(SPSS) (P < 0.05).

3. Results

The obtained results reveal the efficiency of the two
formulations of B. bassiana (Inverted emulsions and
wettable powder) against the 2™ instar larvae. The

percentage of larval mortality gradually increased as
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the concentrations of both formulations were elevated
as shown in figures Figures 1, 2, and 3. Also, the
effect of storage periods and the temperatures were
examined on the storage day (Zero time).

The inverted emulsions (IE) formulation exhibited a
higher virulence on the larval mortality than wettable
powder (WP) especially at the higher concentrations
(75,100%) as shown in the all Figures. Whereas, 1E
formulation achieved 75 and 90 % larval mortality,
while, WP formulation caused 72.5 and 87.5% at the
mentioned concentrations respectively.

However, as storage periods and temperatures (-10 °C,
4 9C, and the room temperature) increased, the
pathogenicity of both formulations (IE, WP) reduced.
Among all different temperatures (-10 °C, 4 °C, and
the room temperature) the larval mortality was
significantly affected over the storage times among
all the concentrations of formulations (WP, IE) as
shown in all histograms in the three figures. under
freezing conditions (-10 °C) and cooling conditions
(4 °C), the infectivity of WP formulation persisted for
the seventh months, causing 35% and 32.5% larval
mortality at the highest concentration (100%)
compared to that of 82.5% and 75% in the first month,
respectively (Histogram 4 in both Figures 1,2).
while, at room temperature 25°C, the infectivity of
WP formulation persisted only for 5" month and the

larval mortality at the maximum concentration (100%)
considerably lowered to 22.5% from 62.5% in the

first month, While the infectivity of IE formulation at
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freezing (-10 9C) and cooling conditions (4 ©C)
persisted for the fourth month, significantly declining
to 47.5% and 42.5% larval mortality at the highest
concentration (100%)compared to 62.5% and 57.5%

in the first month, respectively (Histogram 4 in both
( Histogram 4 in figure 3).
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Figures 1, 2), however, at room temperature (25°C),
the infectivity of IE formulation persisted only for 2
month and the larval mortality at the highest
concentration (100%) significantly decreased to 35 %

compared to 42.5 % in the 1% month
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Fig. 1 larval mortality percentage of Spodoptera littoralis after treated with Beauveria bassiana wettable powder and inverted

emulsion formulations in different storage times under freezing condition (-10 °C)
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emulsion formulations in different storage times under cooling conditions (4 °C)
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4. Discussion

The findings of our study show how certain
formulations (the inverted emulsion and wettable
powder) can increase the infectivity of
entomopathogenic fungus spores to the Spodoptera
littoralis 2™ instar larvae while they are stored. The
inverted emulsion (IE) formulation had a greater
effect than the wettable powder (WP) formulation on
the Spodoptera littoralis larval mortality on the
storage day (Zero time).

The investigation supports the findings of Batta [26],
who noticed that Beauveria bassiana (strains 149 and
Medea) formulated in invert emulsion has
demonstrated a great efficacy against the adults of
almond bark beetle, Scolytus amygdali achieving
100% adult mortality. Nomuraea rileyi formulated
with sunflower oil achieved 93.2 percent total
mortality against 3" instar larvaec of Helicoverpa
armigera, while, talc-based WP formulation of M.
rileyi caused 82% mortality of S. litura. Oils in
different types of formulations have been shown to
improve the effectiveness of mycoinsecticid [27].
These effects are typically related to oils' lipophilic
characteristics. Oils are effectively bond to the
hydrophobic surfaces of both fungal conidia and
insect cuticle, making them extremely effective spray
carriers and spray stickers. In addition, oils spread
rapidly across insect cuticle, and this action transports

conidia into protected recesses on the insect body,

especially intersegmental regions, where moisture
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conditions may be favorable for germination and
infection [27]. The amount of spore moisture is
another factor that affects the ability to spores
storage. The spore's moisture content up to 5% is
necessary to survive. Using oil formulations were
helped spore survival by maintaining moisture [28].
With regard to storage conditions the formulations
stored at freezing and cooling condition were more
efficient against 2™ instar larvae Spodoptera littoralis
than those stored at room temperature. This may be
due to the fact that cool maintaining condition caused
the metabolic activity of conidia was decreased
during storage time and this agent could be justified
by higher spore viability and pathogenicity [29].
Chen et al. [28] revealed that both conidial
germination and infection of host decreased with
storage the temperature ranging from 15 to 35°C.
Gindro and Pezet, [30], also, found general decrease
of the level, O and

energy consumption

aggressiveness was observed as the storage

temperature increased. A shift from ATP to ADP and
AMP was also observed, and the shift was larger in
conidia stored at higher temperatures. Conidia stored
at —80°C for 30 months still had 50% of their original
energy charge, 70% respiration rate, 80%
germination rate, and about the same aggressiveness
(90%) as fresh spores. Our results also show the
pathogenicity of WP formulation during storage
condition lasted up to 7% months while invert

emulsion lasted up to 4™ months this was in agree
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with Charnley and Collins, [31], who found some
fungal biopesticides have a shelf life of less than six
months even at low temperatures (2-6°C).
Ramarethinam et al. [32] revealed that a talc based
commercial formulation of B. bassiana can be stored
for 7 months at temperature ranging from 20-32 °C.
The differences in the pathogenicity and stability of
WP and inverted emulsion formulations were related
to kind of carrier materials. The selection of carriers
based on their effect on viability maintainance of
spores during formulation process. Talc powder was
the best carrier to retain infectivity up to 6 months of
storage, as was ecarlier reported in case of
Trichoderma longibrachiatum [33, 34]., Sodium
glutamate as a stabilizer and osmotic protector [35,
36]; increased shelf life of fungal spores during
drying period [37]. Congo red as UV-protectant [38],
the best particle source for fixing the spores due to its
solubility in water and its highly porous nature [39],

gelatin as sticker [40], and increasing of susceptibility

in powder formulation of B. bassiana [41].

5. Conclusion

Environmental safety and ecosystem stability

considerations lead to the conclusion that the use of
native isolates in a microbial control program is more
convenient [42]. Also, mycoinsecticides may be most
effective in pest managements programmes
integrating beneficial arthropods, or in greenhouse

crops where favorable environmental conditions
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(high humidity and low UV exposure) can be

manipulated [43]. Commercialization of the
entomopathogenic fungi as an alternative to synthetic
insecticides demands the development of a
formulation, which facilitates the fungus to survive
under storage as well as in the field for a considerable
length of time. It is seen that the wettable powder
and oil based formulation used in the present study
were proved very effective against S. litforalis larvae
and hence, it can fit very well with the integrated pest
management programmes. The mortality of the S.
littoralis larvae was observed to increase with an
increase in concentration of formulations, and during
storage; most of the formulations lose virulence
because of high temperature and decrease of nutrients.
Acknowledgements
Not applicable
References
[1] M. Ragiea, K.H. Sabry “Impact of spinosad and
buprofezin alone and in combination against the
cotton
leafworm, Spodoptera littoralis under laboratory
conditions” J. Bio-Pesticides. 4(2011) 156-160.
[2] H.A. Mohamed, M.W. Alkordy, A.A. Atta
“Effect of host plants on biology of Spodoptera
littoralis (Boisd.)” Egypt Acad J. Biolog Sci.
12(2019) 65-73.
[3] M. Yagci, C. Yiicel, F.D. Erdogus, G. Benk, L.
Kepenekci 2022. “Biological control potential of

local entomopathogenic nematodes against the



Journal of Basic and Environmental Sciences 2 (2023) 51- 66

different stage larvac of cotton leafworm
Spodoptera littoralis (Boisduval) (Lepidoptera:
Noctuidae)”. Egyptian Journal of Biological Pest
1-8.

Control 32(2022)

https://doi.org/10.1186/s41938-022-00558-y
[4] H.N. El-Sinary, A.T. Ashour, F.A. Megahed
“Water extracts from leaves of Morus alba
varieties as botanical pesticides against the cotton
leafworm, Spodoptera littoralis (Boisd.)” Bull.
ent.

Soc. Egypt, Econ. Ser. 34(2008) 69-79.

https://doi.org/10.21608/ejarc.2008.216886

[5] A. F. El-Zoghby, M.H. Salem, G. G. Gadelhak
AM. El-Sabrout “ Effects of Melilotus indica
crude extracts and cascade (IGR) on Spodoptera
littoralis (Lepidoptera: Noctuidae) reproductive
organs” Bull. ent. Soc. Egypt, Econ. Ser. 37

(2011) 121-136.

https://www.researchgate.net/publication/3182

46763
[6] U. Pluschkell, A.R. Horowitz, P.G. Weintraub, I.
Ishaaya “DPX-MPOG62- a potent compound for
controlling the Egyptian cotton leafworm,
Spodoptera littoralis (Boisd.)” J. of Pestic. Sci.
54(1998) 85-90.

https://doi.org/10.1002/(SICI)1096-

9063(1998100)54:2<85::AID-PS782>3.0.CO;:2-1

[71 A. Ghulam, W. van der Wopke, J.M. Vlak

“Biological and genetic characterization of a

Pakistani  isolate  of  Spodoptera litura

nucleopolyhedro virus” Bio control Sci Technol.

61

28(2018)20-33.

https://doi.org/10.1080/09583157.2017. 1409339

[8] M.H. Aydin, M.O. Gurkan “The efficacy of
spinosad on different strains of Spodoptera
littoralis (Boisduval) (Lepidoptera: Noctuidae)”
Turkish J. 5-9.

Biology.  30(2006)

https://journals.tubitak.gov.tr/biology/vol30/iss
12

[9] G.A. Rizk, H.F Hashem, S.A. Mohamed “Plants
in pest control. 2. Evaluation of some plant
extracts against the cotton leafworm, Spodoptera
littoralis (Boisd.) ” Bull. ent. Soc. Egypt, Econ.
Ser. 36(2010) 213-222.

[10] M.H. Hashimi, R. Hashimi, Q. Ryan “Toxic
Effects of Pesticides on Humans, Plants,Animals,
Pollinators ~ and Beneficial Organisms” Asian
Plant Research Journal 5(2020)37-47.https://DOI:
10.9734/APRJ/2020/v5i430114

[11] A.A. Saleh, L.R. Elgohary, W.M. Watson, AS
Elabassy “Toxicity of some conventional and
nonconventional insecticides against cotton
lefworm, Spodoptera littoralis (Boisd.)” J Plant
Prot and Path, Mansoura Univ., 6 (2015) 663 —
673.

[12] S.S. Sandhu, A.K. Sharma, V. Beniwal, G. Goel,
P. Batra, A. Kumar, S Jaglan "Myco-biocontrol of
insect pests: factors involved, mechanism, and

regulation" J. Pathology. 9 (2012)1-10. DOI:

10.1155/2012/126819



https://doi.org/10.1186/s41938-022-00558-y
https://doi.org/10.21608/ejarc.2008.216886
https://www.researchgate.net/publication/318246763
https://www.researchgate.net/publication/318246763
https://doi.org/10.1002/(SICI)1096-9063(1998100)54:2%3c85::AID-PS782%3e3.0.CO;2-I
https://doi.org/10.1002/(SICI)1096-9063(1998100)54:2%3c85::AID-PS782%3e3.0.CO;2-I
https://doi.org/10.1080/09583157.2017. 1409339
https://journals.tubitak.gov.tr/biology/vol30/iss1/2
https://journals.tubitak.gov.tr/biology/vol30/iss1/2
http://dx.doi.org/10.1155/2012/126819

Journal of Basic and Environmental Sciences 2 (2023) 51- 66

[13] L. Erper, I. Saruhan, I. Akca, HM. Aksoy, C.
Tuncer “Evaluation of some entomopathogenic
fungi for controlling the green shield bug,

L.(Heteroptera:

Palomena prasina

Pentatomidae) ”  Egyptian J. Biological Pest
Control 26 (2016) 573-578.

[14] M.A. Atia, G.H. Osman, W.H. Elmenofy
“Genome-wide in silico analysis, characterization
and identification of microsatellites in Spodoptera
littoralis multiple nucleopolyhedrovirus
(SpliMNPV)” Scientific Reports. 6 (2016) 33741.
https://DOI: 10.1038/srep33741

[15] C.I. Rumbos, C.G. Athanassiou “Use of
entomopathogenic fungi for the control of stored
Product insects: can fungi protect durable

J.Pest Sci. 90(2017) 839-854.

commodities?”

https://DOI10.1007/s10340-017-0849-9

[16] S.S. Ali, AM. Moharram “Biodiversity and
enzymatic profile of some entomopathogenic
fungi” Egypt Acad. J. Biolog Sci. 6 (2014) 73-
80. https://DOI 10.21608/eajbsf.2014.17261

[17] T.N. Vassilakos, CG Athanassiou, N.G.

Kavallieratos, B.J. Vayias “Influence of
temperature on the insecticidal effect of
Beauveria bassiana in combination with

diatomaceous earth  against  Rhyzopertha
dominica and Sitophilus oryzae on stored
wheat” Biol Control 38(2006)270—
281.https://doi.org/10.1016/j.

biocontrol.2006.03. 009

[18] K.A. Jones, H.D. Burges “Technology of
Formulation and Application. In: Burges,

H.D.,Ed., Formulation of Microbial Pesticides

Beneficial Microorganisms, Nematodes and

Seed Treatments” Kluwer Academic,
Dordrecht. (1998) 7-30.

[19] M.R. Faria, S.P. Wraight,
“Mycoinsecticides ,Mycoacaricides: A

Comprehensive List with Worldwide Coverage
and International Classification of Formulation
Types” Biological Control. 43(2007) 237-256.

https://doi.org/10.1016/j.biocontrol.2007.08.0

01

[20] S. P. Wraight, M. J., Filotas,, J. P. Sanderson

"Comparative  efficacy of emulsifiable-oil,

wettable-powder, and  unformulated-powder
preparations of Beauveria bassiana against the
melon aphid Aphis gossypii” Biocontrol Science
894-914.

and  Technology. 26  (2016)

https://doi.org/10.1080/09583157.2016.115

7851

[21] Y. A. Batta "Invert emulsion: Method of

preparation and application as proper

formulation of entomopathogenic fungi”
119-127. DOI:

MethodsX, 3(2016)

10.1016/j.mex.2016.02.001

[22] M. E. El-Defrawi, A. Toppozada, N. Mansour,

M. Zeid "Toxicological studies on the Egyptian


https://DOI10.1007/s10340-017-0849-9
https://doi.org/10.21608/eajbsf.2014.17261
https://doi.org/10.1016/j. biocontrol.2006.03. 009
https://doi.org/10.1016/j. biocontrol.2006.03. 009
https://doi.org/10.1016/j.biocontrol.2007.08.001
https://doi.org/10.1016/j.biocontrol.2007.08.001
https://doi.org/10.1080/09583157.2016.1157851
https://doi.org/10.1080/09583157.2016.1157851
https://doi.org/10.1016/j.mex.2016.02.001

Journal of Basic and Environmental Sciences 2 (2023) 51- 66

cotton leafworm, Prodenia littura (L.). L

Susceptibility of different larval instars of

Prodenia to insecticides". J.Econ. Entomol.,

57(1964)591-593.

https://doi.org/10.1093/jee/57.4.591

[23] W.A.A. Sayed, A. El-Helaly, Z.A. Jamal, H. El-
Bendary “Effect of a low cost diet on the cotton

leaf worm, Spodoptera littoralis

nucleopolyhedrosis virus pathogenicity and sterile
insect technique” Egypt J. Biol Pest Control.
31(2021)

1-8.  https://doi.org/10.1186/s41938-

021-00464-9
[24] B.J. Hicks, A.D.Watt, D. Cosens. “The potential

of  Beauveria  bassiana  (Hyphomycetes:

Moniliales) as a biological control agent against

the pine beauty moth, Panolis flammea

(Lepidoptera: Noctuidae)” Forest Ecology and
275-281.

Management. 149(2001)

https://DOI:10.1016/S0378-1127(00)00561-2

[25] W.S .Abbott “A method of computing the

effectiveness of an insecticide” J.Economic

Entomology. 18(1925) 265-267.

http://dx.doi.org/10.1093/jee/18.2.265a
[26] Y.A. Batta, M. Rahman, K. Powis, G. Baker, O.
Schmidt “Formulation and application of the
entomopathogenic fungus: Zoophthora radicans
(Brefeld)

Batko (Zygomycetes:

Entomophthorales)” J. applied microbiology.

110(2011) 831-839. https://d0i:10.1111/j.1365-

2672.2011.04939.x

[27] C. Luz, 1. Batagin “Potential of oil-based
formulations of Beauveria bassiana to
control Triatoma
infestans” Mycopathologia.160(2005)51—
62..D0I1:10.1007/s11046-005-0210-3

[28] A. Chen, Z. Shi, L. Zhang “The effects of some

storage conditions on viability of Lecanicillium

lecanii  conidia to whitefly (Homoptera:
Trialeurodes  vaporariorum)” Biocontrol
SciTechnol. 18(2008) 267-278.

https://DOI1:10.1080/09583150801885897
[29] R. E. Tabrizi, R. T. Hassanloui, H.R. Pourian.
“Effect of formulating of Beauveria bassiana

conidia on their viability and pathogenicity to

the onion thrips, Thrips tabaci Lind.

(Thysanoptera: Thripidae)” J. Plant Protection

Research, 49(2009) 97-104. DOI:
10.2478/v10045-009-0013-5

[30] K. Gindro, R. Pezet “Effects of long-term

storage at different temperatures on conidia of

Botrytis cinerea Pers. Fr” FEMS Microbiology

101-104.

letters. 204(2001)

https://doi.org/10.1111/j.1574-6968. 2001.
tb10870.x

[31] A. K. Charnley, S. A. Collins

"Entomopathogenic fungi and their role in

pest control". In C. P. Kubicek, & I. S.

63


https://doi.org/10.1093/jee/57.4.591
https://doi.org/10.1186/s41938-021-00464-9
https://doi.org/10.1186/s41938-021-00464-9
http://dx.doi.org/10.1016/S0378-1127(00)00561-2
http://dx.doi.org/10.1093/jee/18.2.265a
https://doi:10.1111/j.1365-2672.2011.04939.x
https://doi:10.1111/j.1365-2672.2011.04939.x
http://dx.doi.org/10.1080/09583150801885897
https://doi.org/10.1111/j.1574-6968. 2001. tb10870.x
https://doi.org/10.1111/j.1574-6968. 2001. tb10870.x

Journal of Basic and Environmental Sciences 2 (2023) 51- 66

Druzhinina  (Eds.), The Mycota IV:
Environmental and Microbial Relationships
(2nd edition) Springer. 4(2007) 159-187.

https://doi.org/10.1007/978-3-540-71840-

6_10

[32] S. Ramarethinam, N.V.Murugesan, and S.

Marimuthu,. “Compatibility studies of

fungicides with Trichoderma viride used in
Bio-Cure-F.

commercial formulation”.

Pestology 25(2001) 2-6.

[33] A.K. Gade, P. Bonde, A.P. Ingle, P.D. Marcato,
N. Duran, M.K. Rai "Exploitation of Aspergillus
niger for synthesis of silver nanoparticles". J
Biobased Mat Bioengineer 2(2008) 243-247.

DOI: https://doi.org/10.1166/jbmb.2008.401

[34] C.K. Yashwant, R. Singh, S.K. Singh "Effect of
temperature and pH on growth and sporulation of
Curvularia lunata causing leaf spotof okra". Ann
PI Prot Sci 18 (2010)549-550.

https://www.researchgate.net/publication/

355037939
[35] B. Guijarro, P. Melgarejo, A. De Cal “Effect of
stabilizers on the shelf-life of Penicillium
frequentans conidia and their efficacy as a
biological agent against peach brown rot” J. Food.
Microbiol.

113(2007) 117-124.

https://www.researchgate.net/publication/692500

0

[36] I. Larena, A. De Cal, P. Melgarejo “Effect of
stabilizers on shelf-life of Epicoccumn nigrum
formulations and their relationship  with

biocontrol of post-harvest brown rot by Monilinia

of peaches” J. Appl. Microbiol. 102(2007) 570—

582. doi: 10.1111/j.1365-2672.2006.03075.x.

[37] H.D. Burges "Formulation of microbial
biopesticides". Kluwer Academic Publishing,
Dordrecht, The Netherlands (1998) (eBook)
DOI 10.1007/978-94-011-4926-6

[38] S. Edgington, H. Segura, W. Dela Rosa, T.

Williams  “Photoprotection  of  Beauveria
bassiana: testing simple formulations for control
of the coffee berry borer” J. Pest Manag.
46(2000) 169-176.

DOI:10.1080/096708700415490

[39] A. Tadayyon, G.A. Hill, W.M. Ingledew, S.

Sokhansanj  “Contact-Sorption  drying  of

Penicillium bilaii in a fluidizedbed dryer” J.
Chem.  Technol. 68

(1997)  277-282.

https://doi.org/10.1002/(SIC1)1097-

4660(199703)68:3<277::AID-

JCTB658>3.0.CO;:2-F

[40] D. Stephan, G .Zimmermann. “Development of
a spray-drying technique for submerged spores
of entomopathogenic fungi” Biocontrol Sci.
Technol. 8(1998) 3-11.

https://doi.org/10.1080/09583159830388



https://doi.org/10.1007/978-3-540-71840-6_10
https://doi.org/10.1007/978-3-540-71840-6_10
https://doi.org/10.1166/jbmb.2008.401
https://www.researchgate.net/publication/355037939
https://www.researchgate.net/publication/355037939
https://www.researchgate.net/publication/6925000
https://www.researchgate.net/publication/6925000
https://doi.org/10.1080/096708700415490
https://doi.org/10.1002/(SICI)1097-4660(199703)68:3%3c277::AID-JCTB658%3e3.0.CO;2-F
https://doi.org/10.1002/(SICI)1097-4660(199703)68:3%3c277::AID-JCTB658%3e3.0.CO;2-F
https://doi.org/10.1002/(SICI)1097-4660(199703)68:3%3c277::AID-JCTB658%3e3.0.CO;2-F
https://doi.org/10.1080/09583159830388

Journal of Basic and Environmental Sciences 2 (2023) 51- 66

[41] A. Teera-Arunsiri, M. Suphantharika, U.
Kentunuti “Preparationof spray-Dried wettable
Powder formulations of Bacillus thuringiensis

based biopesticides” J. Eco. Entomol.

96(2003):292-299. DOI:  10.1603/0022-
0493-96.2.292

[42] J.A. Lockwood “Environmental issues
involved in biological control of rangeland
grasshopper ~ with  exotic agents”
Environmental Entomology. 22(1993)5503-

5518. https://doi.org/10.1093/ee/22.3.503

[43] R.E. Down, A.G.S. Cuthbertson, J.J.
Mathers, K.F.A. Walters “Dissemination of
the entomopathogenic fungi, Lecanicillium
longisporum and L. muscarium, by the
predatory bug, Orius laevigatus to provide
concurrent control of Myzus persicae,
Frankliniella  occidentalis and Bemisia
tabaci” Biological Control. 50 (2009) 172-

178. DOI:

10.1016/i.biocontrol.2009.03.010

65


http://dx.doi.org/10.1603/0022-0493-96.2.292
http://dx.doi.org/10.1603/0022-0493-96.2.292
https://doi.org/10.1093/ee/22.3.503
http://dx.doi.org/10.1016/j.biocontrol.2009.03.010

