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HE COTTON leafworm, Spodoptera littoralis (Boisd) is a serious pest of cotton and

other important plants in Egypt. The use of chemical insecticides caused environmental

Introduction

pollution. So that there is strong need to find other safer method than chemical pesticides for
insect pest control such as entomopathogenic baculoviruses. The UV effect on Spodoptera
littoralis Nuclear Polyhedrosis Virus was studied. The results indicated that exposure of the
stock virus concentration (1.1 x 10® Polyhedral Inclusion Bodies per milliliter (PIB /ml)) to
Ultraviolet (UV) for 5.0 and 20.0 minutes lead to decrease in the number of PIB/ml, where the
PIB/ ml became 2.9x 10¢ and 6.125 x 10°, respectively . These concentrations caused 50% larval
mortality after 18.72 and 21.88 days respectively, while the original non exposed concentration
(1.1 x 10®) caused 50 % larval mortality after 4.29 days. The results indicated that UV
exposure decreased virus concentration, efficacy of virus and Original Activity Remaining.
The irradiated virus activity decreased and the corresponding percentage of original activity
remaining decreased. The results confirmed that applying the virus most is before sunrise and
/or sunset. Also, it is necessary to use natural additives to protect the virus from UV radiation.

Keywords: Spodoptera littoralis, Chemical insecticides, Entomopathogenic virus, Ultraviolet
radiation (UV), Polyhedral Inclusion Body (PIB), Nuclear Polyhedrosis Virus,
Original Activity Remaining.

The Nuclear Polyhedrosis Virus (NPV)

is a double stranded DNA baculovirus being

Spodoptera littoralis (Boisduval) (Lepidoptera:
Noctuidae) is one of the most destructive
polyphagous insects against field crops. It belongs
to arthropod (mainly mite and insects) have many
economically important pests. [1, 2].

The chemical insecticides caused toxicity to
humans, domestic animals and beneficial insects.
Also, resistant insect development to traditional
pesticides [3].

It needs to find alternative pesticides for
insect pest control such as entomopathogenic
baculoviruses.

highly specific on their host insects. So that they
are safe to humans, the environment, natural
enemies and plants [4-6]. DNA is a polymer of
deoxyribonucleoside monophosphates covalently
linked by 3’--» 5’ phosphodiester bonds. DNA
exists as a double-stranded molecule in which
the two strands wind around each other, forming
a double helix stabilized by H-bonding between
bases in adjacent strands [7-8]. Solar inactivation
has been a main inhibition for insect pathogenic
viruses [9-11] and is moderately responsible for
inconsistent field efficiency. In many cases, viral
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activity is significantly decreased within 24-48 h.
[12-13].

In field applied pathogens lose at least 50% of
their original activity within several days [10] and in
other cases within 24 h [14]. Jones and McKinley
[7] demonstrated that more than 90% inactivation
of  Spodopteralittoralis Multinucleocapsid
Nucleopolyhedrovirus ~ (SIMNPV)  happened
within 4 h and that more than 99% inactivation
occurred within 8 h, under natural conditions.
They concluded that almost all of the inactivation
was due to UV-B (i.e., 305-320 nm).

All of mentioned above confirmed that the
biosafety and specificity of Ultraviolet non
exposed Nuclear Polyhedrosis Virus recommend
using of this virus as an alternative method
to chemical insecticides in Integrated Pest
Management Program.

This work is designed to study the effect of
UV radiation on the effectiveness of the cotton
leaf worm, S. littoralis NPV.

Experimental

Insect rearing

A laboratory colony of the Egyptian cotton
leafworm, S. littoralis, was used in the study.
The insect originated from the laboratory of
Pests and Plant Protection Department, National
Research Centre, Egypt. Larvae of S. littoralis
were reared on caster leaves (Ricinus communis)
in the laboratory for a year (~10 generations)
away from any insecticide exposure at 27.0 + 2.0
°C and 65.0 + 5.0% Relative Humidity (RH) with
a photoperiod of 16:8 h (light:dark).

Virus isolation and production

The original virus was produced and isolated
from diseased larvae of S. littoralis by Samah
M.M.A. according to [2] at Pests & Plant
Protection Department laboratory, National
Research Centre, Egypt.

Preparation of Nuclear Polyhedrosis Virus
concentrations for exposure to UV.

The original stock, 1.1 x 10¥was counted under
light microscope by hemocytometer according to
[16].

Two concentrations of 2.9x10¢ and 6.125x10°
PIB/ml were resulted from 1.1 x 10% (the original
stock concentration) after exposed to UV for 5.0
and 20.0 minutes, respectively.

The concentrations of non-exposed or exposed
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samples were maintained at -20.0 C° till use.

Evaluation of the insecticidal activity of Nuclear
Polyhedrosis Virus concentrations.

A preliminary experiment was carried out to
estimate the lethal concentrations and the lethal
times of UV non-exposed and UV exposed
Nuclear Polyhedrosis Virus concentrations against
newly molted S. /ittoralis fourth larval instar until
final larval stage.

Twenty newly molted S. littoralis fourth larval
instars were placed in plastic cups (8 cm diameter
and 5 cm height) for each replicate and left to
fed on castor leaf disks (5 mm diameter). Each
disk was treated using a Handle sprayer (20.0 ml
capacity) with the prepared viral concentrations
containing Occlusion Bodies (OBs) (non-exposed
and exposed to UV). Control larvae were fed
on castor disks (Ricinus communis) treated with
distilled water without virus. After two days, the
treated and untreated castor disks were removed
and replaced by another fresh untreated castor leaf
disks. The experiment was continued till the final
larval stage (5™ larval instar) or death of larvae.
Three replicates were used for each bioassay
for each treatment and for control as described
above. Larval mortality was recorded daily. The
method of percentage mortality calculations was
described in [17] and the Probite analysis (Lethal
concentration (LC) & lethal time (LT) was
described in [18].

T-C
Corrected mortality % = ------------ x100
100 - C

Where: T = larval mortality in treatment and C =
larval mortality in control

Original Activity Remaining (OAR) was
calculated according to [19]

% larval mortality after exposure
OAR = x 100
% larval mortality before exposure

The percentage of original activity remaining
was based upon virus-caused mortality before and
after irradiation at the same virus concentration
for each exposure period for each treatment.

Statistical analysis
The statistical analysis was carried out by
program of SPSS version (19) using:
1. General Linear Model Univariate Anova Test
(Two ways Anova test)
2. Correlate Bivariate.
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Results and Discussion

The results showed that exposure of the stock
virus (1.1 x 10%) to UV for 5.0 and 20.0 minutes
lead to decrease in the number of PIB/ml, where
the PIB/ ml became 2.9x 10° and 6.125 x 10°,
respectively. These concentrations caused 50 %
mortality for larvae after 18.72 and 21.88 days
respectively, while the original non exposed
concentration (1.1 x 10%) caused 50 % mortality
of larvae after 4.29 days. These concentrations
(2.9x 10% and 6.125 x 10°) caused 35.18 and
24.07 % mortality of larvae during twelve days
but the original non exposed concentration (1.1
x 10%) caused 79.96% mortality of larvae during
twelve days. Results confirmed that the efficacy
of exposed virus to UV became very weak.
Also, whenever UV exposure period increased
the concentration of virus decreased and larval
mortality decreased (Table 1). The percentage of
Original Activity Remaining (OAR%) of virus
after exposed to UV for 0.0, 5.0 and 20.0 minutes
was calculated to record 100%, 43.9% and 30.1%,
respectively. This means that exposed virus to
Ultraviolet rays lose about 56.1% and 69.9%
of its OAR%, respectively. El-Helaly et al.,[20]
found that the recorded rates of mortality among
S. littoralis neonate larvae caused by Spodoptera
littoralis Nuclear Polyhedrosis Virus (Sp/i NPV)
virus after exposure of Spli NPV virus for 10,
24, 48, 96 and 168 hours to natural conditions
were 96.00%, 48.78%, 6.97%, 0%, and 0%,
respectively, compared to 100.00% in case of
un-irradiated virus (the calculated LT, was only
24.07 hours(h). Also, the authors., [20] found that
there was not any OAR% remained in examined
additives expect of cacao after 168 h which gave
13.15 OAR% for the concentration of 5%, for
10% concentration only cacao and green cabbage
have 17.94 and 2.5 OAR%, respectively, after
168 hours. Elnagar and Abul-Nasr [21] found
that under sunlight UV purified virus suspension
was less effective than the crude extract as the
latter contains coloring material. In Egypt, the
effect of sunlight on Sp/iIMNPV was thoroughly
investigated [22,23].

Griego et al., [24] found that the inactivation
of Multinucleocapsid O. pseudotsugata Nuclear
Polyhedrosis Virus by monochromatic UV
light decreased mortality rate in the groups fed
irradiated virus compared with those fed non
irradiated virus. The irradiated virus activity
decreased and the corresponding percentage
of original activity remaining decreased. Also,
the authors.,[24] showed that virus inactivation
increased with increase in flounce, regardless
of the wavelength used , As wavelength was
increased, however, the flounce had to be
increased to cause the same degree of inactivation
caused by the shorter wavelengths, The Spearman
rank correlation coefficient test showed a reverse
relationship between flounce and percentage of
original activity remaining at each wavelength
(P <0.05), indicating that as the dose was
increased the degree of virus inactivation was also
increased , At a flounce of 1.152 x10° w/m?, the
percentages of activity remaining after exposure
to wavelengths 0290, 300, 310, and 320 nm were
15.4,28.2, 41.0, and 71.8, respectively. Effect of
exposure periods to UV on virus was studied
previously. Akhanaev et al., [25] studied the open
area sunlight exposed virus strains for 0.25, 0.5,
1, and 2 hours and later per orally inoculated host
larvae with the same doses of virus (5x10°) and
with doses leading to same effect ((Lethal Dose
killing 90% of the insect pest (LD90)). Also,
they observed that strain LdM NPV-45/ O, which
previously gave high virulence against L. dispar
larvae, was more sensitive to UV irradiation.
Sunlight exposure caused a significant delay of
LdMNPV-45/0-induced  pathogenesis already
after 0.25 h of sunlight exposure, while for
LdMNPV-27/0, the delay was occurred only after
2 h exposure in spite of used concentrations. Also,
the authors., [25] compared the sequences of the
main structural proteins of the studied strains as
UV light contributes not only to genome damage
in viruses but also to structural protein damage.

Prabhu and Mahalingam [26] studied
the inactivation effect of sunlight and UV
light on the Nuclear Polyhedrosis Virus to

TABLE 1. Effect of exposure periods to UV on S. littoralis NPV.

Exposure period

Concentrations result

M o, % o,
ToUV (minute) *%(PIB/ml) Mortality % LC,, LT, OAR%
0.0 1.1x108 79.96 4.29 100
5.0 2.9x 10° 35.18 7.7 x109 18.72 43.997
20.0 6.125x10° 24.07 21.88 30.1

*OAR% (Percentage of Original Activity Remaining)
**PIB/ml (Polyhedral Inclusion Bodies per milliliter)
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Diaphania pulverulentalis (Hampson) larvae
under laboratory conditions and observed that
Significant difference in larval mortality when
DpNPV was exposed to 5, 10, 15, 30 and 60
minutes to UV light, (88.33, 85.00, 80.00, 66.66
and 53.33 % mortality, respectively. Whereas, in
formulated DpNPV, the rate of larval mortality
recorded was higher (93.33, 90.00, 86.65, 71.66
and 66.66 % respectively). The inactivation of
virus was directly related to the period of exposure
to UV radiation, the viral activity of the irradiated
suspensions decreased with increased exposure
duration to UV light.

The F value (resulted from F statistical test in
two way Anova test shows if a group of variables
are jointly significant) between the UV exposed
and UV non exposed virus per day was significant.
Virus persistence was calculated as OAR%
(Percentage of Original Activity Remaining)
based upon 100% at no UV exposure period. The
OAR% for (the resulted concentrations, 2.9x10°
and 6.125x10° from 5 and 20 minutes UV exposed
virus) were 43.9% and 30.1% respectively. The
results were analyzed by SPSS Program and
showed that significant differences were found
between the UV exposed and UV non exposed
virus with the exception of 5 min UV exposed
Spodoptera littoralis Nuclear Polyhedrosis Virus
(R1.1) & 20 min UV exposed Spodoptera littoralis

Nuclear Polyhedrosis Virus (R1.2) probability
value ((P value) was 0.222 more than 0.05) and
R1.1& Control (R) (P value was 0.094 more than
0.05) where no significant differences were found.

The correlation between concentrations, time
of UV exposure, corrected mortality and OAR%
were significant. From these data there was strong
and significant reversible correlation between
each of (time of UV exposure & concentration),
and between (time of UV exposure & corrected
mortality), (time of UV exposure & OAR%)
because the value of correlation factor is (-) and
near to 1 (-0.801, -0.848, -0.848 respectively) and
has very high significance (P value was 0.0 Less
than 0.05).

There was strong and significant irreversible
correlation between each of the following
(concentration & mortality), (concentration &
OAR), (OAR & corrected mortality) because
the value of correlation factor is (+) and near to
1 (0.997,0.997,1 respectively) and has very high
significance value (P value was 0.0 less than
0.05). (Table 2).

In the nearly future, the wuse of
entomopathogenic virus might be one of the
integrated pest management.

TABLE 2. Statistical Correlation between Time of UV exposure, concentration, corrected mortality and OAR%

by using Pearson Correlation.

Concentration Tg?:o(;fliv io()l‘:&cﬁg}l OAR%
Pearson Correlation 1 -.801 .997 997
Concentration Sig. (2-tailed) = - .000 .000 .000
N 113512500 113512500 113512500 113512500
T Pearson Correlation -.801 1 -.848 -.848
Sig. (2-tailed) 000 - .000 .000
N 113512500 113512500 113512500 113512500
Pearson Correlation 997 -.848 1 1.000
Corrected
mortality Sig. (2-tailed) .000 .000 .000
N 113512500 113512500 113512500 113512500
Pearson Correlation 997 -.848 1.000 1
OAR% Sig. (2-tailed) .000 .000 000 -
N 113512500 113512500 113512500 113512500
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Conclusion

Theoriginalconcentration ~ (1.1x10%)  was

the most efficiency followed by 2.9x 10° and

6.125x10° being the

least efficacy. Results

recommend that there is a need to applying the
entomopathogenic virus in the suitable time
before sunrise and sunset to avoid the natural
radiation which decreases the virus efficacy. It is
also necessary to add materials for protecting the
virus from the UV rays.

References

1.

Hashem M., Refaie R., Zaghloul S., Abd El-Salam
AM.E., El-Laithy A.YM. and Shaaban H.A.;
Bioactive Jute Fabrics for Packaging and Storage of
Grains and Legumes Applications, Egypt. J. Chem.
60 (4), 551-561 (2017).

Salama, M.S., Abd El-Salam, A.M.E., Dalia
M. Mahmoud and Samah, M.M.A., Effect of
Ultra violet radiations on insecticidal activity of
Spodoptera littoralis Multinucleocapsid Nuclear
Polyhedrosis Virus against Spodoptera littoralis
Boisd (Lepidoptera:  Noctuidae).
Research, 14(3), 645-652 (2017).

Bioscience

Abd El-Salam A.M.E., Salem H.A. and Salem S.A.;
Biocontrol agents against the leaf miner, Liriomyza
trifolii in Faba bean fields. Arch. Phytopathol. PAi.
46 (9), 1054-1060 (2013).

Kunimi Y.; Current status and prospects on
microbial control in Japan, J. Invertebr. Pathol. 95,
181-186 (2007).

Ahmad 1., Ahmad F. and Pichtel J., Microbes
and Microbial Technology: Agricultural and
Environmental  Applications. 415-430.Springer
Science, New York, U.S.A. (2011).

Shaurub E.H., Abd El-Wahab A.A.and Abd El-
Aziz N.M.; Pathogenicity, yield and DNA genome
pattern of the entomopathogenic virus Spodoptera
littoralis Multinucleocapsid Nucleopolyhedrovirus
(Sp.li. MNPV) to Spodoptera littoralis (Boisduval)
under the impact of environmental stress, Afr:
Entomol. 21(2), 221-230 (2013).

Champe P.C., Harvey R.A.and Ferrier D.R.; DNA
structure replication and repair. In: Lippincott'’s
Hllustrated Reviews 4, 395 (2008).

Serry E., Ghabrial M., EL-Kafrawy Sh., El-
Beshlawy A. and Zeid I., Raouf A.; Can HCV
RNA Be Detected in Saliva of Egyptian Children
Receiving Frequent Blood Transfusions? Egypt. J.
Chem. 53 (6), 791-802 (2010).

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Jaques R.P.; The inactivation of the nuclear
polyhedrosis virus of Trichoplusia ni by gamma
and ultraviolet radiation, Can. J. Microbiol. 14,
116-1163 (1968).

Bullock H.R., Hollingsworth J.P. and Hartstack Jr
A.W.; Virulence of Heliothis nuclear polyhedrosis
virus exposed to monochromatic ultraviolet
irradiation. J. Invertebr. Pathol. 16,424-422 (1970).

Jones K.A. and McKinley D.J.; UV inactivation
of Spodoptera littoralis nuclear polyhedrosis
virus in Egypt: assessment and protection, p. 155.
In R. A. Samson, J. M. Vlak, and D. Peters (eds.)
Fundamental and applied aspects of invertebrate
pathology. International
Collogium on Invertebrate Pathology, Wageningen,
the Netherlands. The Foundation of the Fourth
International Colloquium of Invertebrate Pathology,
Wageningen, the Netherlands (1986).

Proceedings, v

David W.A.L., Gardiner B.O.C. and Wooner M.;
The effects of sunlight on a purified granulosis
virus of Pieris brassicae applied to cabbage leaves.
J. Invertebr. Pathol. 11, 496-501(1968).

Manjunath D. and Mathad S.B.; Effect of sunlight
on the infectivity of purified and non-purified NPV
of the armyworm, Mythimna separata Walker.
Indian Journal of Science, 51, 750-756 (1981).

Ignoffo C.M., Hostetter D.L., Sikorowski P.P.,
Sutter G. and Brooks W.M.; Inactivation of
entomopathogenic viruses, a bacterium, fungus,
and protozoan by an ultraviolet light source.
Environ Entomol 6, 411-415 (1977).

Broome J.R., Sikorowski P.P. and Neel W.W.; Effect
of sunlight on the activity of nuclear polyhedrosis
virus from Malacosoma disstria, J. Econ. Entomol.
67, 135-136 (1974).

Kalmakoff and Longworth.; Manual of Techniques
in Insect Pathology book 1% Edition (1997).

Abbott W.S.; A method of computing the
effectiveness of an insecticide, J. Econ. Entomol.18
(2), 265 -267 (1925).

Finney D.F.; Probit Analysis 3™ edition Cambridge
University, London (1971).

Ignoffo C.M. and Batzer O.F.; Microencapsulation
and ultraviolet protectants to increase sunlight
stability of an insect virus, J. Econ. Entomol. 64,
850-853 (1971).

El-Helaly A., Khattab M., El-Salamouny S., El-
Sheikh M.and Elnagar S.; Promising Additives

Egypt.J.Chem. Special Issue (2019)



178

SAMAH M.M. ABD EL-AZIZ et al.

21.

22.

23.

to Protect the Activity of Baculovirus Biocontrol
Agent under Field-Sunlight Conditions in Egypt,
Journal of Life Sciences 7T (5), 495-500 (2013).

Elnagar S. and Abul-Nasr S.; Effect of direct sunlight
on the virulence of NPV (nuclear polyhedrosis
virus) of the cotton leaf worm Spodoptera littoralis
(Bosid.), Z. Angew. Entomol. 90, 75-80 (1980).

Jones K.A., Moawad G., McKinley D.J. and
Grzywacz D.; The effect of natural sunlight on

Spodoptera littoralis nuclear polyhedrosis virus.
Biocontrol Sci. Techn. 3 (2), 189-197(1993).

El Salamouny S., El-Sheikh M.A K., Elnagar S.
and Huber J.; Prolongation of the UV persistence
of nucleopolyhedroviruses by the lignin derived
product: 33  Annual Meeting Society for
Invertebrate  Pathology, Guanajuats Mexico
University of Guanajuata, Aug. 13-18, p. 39 (2000).

24.

25.

26.

Griego V.M., Martignoni M.E. and Claycomb
A.E.; Inactivation of Nuclear Polyhedrosis Virus
(Baculovirus Subgroup A) by Monochromatic
UV Radiation, Appl. Environ. Microb. 49(3), 709-
710(1985).

Akhanaev Y.B., Belousova I.A., Ershov N.I,
Nakai M., Martemyanov V.V. and Glupov V.V.;
Comparison of tolerance to sunlight between
spatially distant and genetically different strains of
Lymantria dispar nucleopolyhedrovirus. Plos One
20, 1-13 (2017).

Prabhu S. and Mahalingam C.A., Effect of
Sunlight and UV Light against DpNPV (Nuclear
Polyhedrosis  Virus) Formulation on Larval
Mortality of Mulberry Leaf Webber, Diaphania
pulverulentalis Hampson, International Journal of
Current Microbiology and Applied Sciences 6(3),
1897-1905 (2017).

(6533 5 sl ) (om g il il L) Bkl e ey (35801 ) s
(8.9 8393 M (Spodoptera littoralis NPV) bl (3,9 8393 (a Jgjrall
(Lepidoptera: Noctuidae) S. littoralis (Boisd) sl

23 gana dana Ldld 24D dpa dana Tadld) 36 G daaa daaf 1) e 3 gana  gie rlan
e — 3l o (Bal Sl e L33 G Csanll gl 58 all - ) 8 5 5 ) !
- el (e Aaalas - aglall A0S @l pdall le i

e b G AY Al il ol e 3 uhd &80 Spodoptera littoralis (Rl G s 535> i
o Lsialldy ddals @ln maal 1 ) GG a8 G AilanSll 4y el Clagall aladiiul ()
Slo i) 358 daiY) il Al cad il psall B peall il il Jie Gl ST 5 AT A8,k
Ol O glea¥) S s pa O (M @l Ll i) (35 a5 Sl e s rall sl
sl Cim (Jo / PIB e & (alids) ) (5ol 2883 Yo,y v 50,0 Bl Lpmasii) (3584250 () 24 x 1))
YANVY aay i pll g 7 00 i ) 38 il ol g Mgl Je Vo2 x T1,0Y0 5) 0 % Y,4 Ja/ PIB
Gisa /00 Gin (VoA x ),)) Gasadl e Ll 385 of e o sl e Loy YV, AN
o JB il (3 420 5,51 (m pmal) gl o5 o I gl Lo €4 2my 1l
() bl 4 el dpusill & (alisl (g IS il LS gyl B L) Jaliall Agllad 5 0 38 53
S/ 5 ol 358 U8 Gy o) 2 Sl pEall (i peall sl (Bl Of il Q.\Si:w;):\él! (sl
Oe il pall (i peall G5yl dglead deglall LYY aladind g 55 ) (b byl Gualll s 2

Egypt.J.Chem. Special Issue (2019)

Al (5 48 daiY)



