Minufiya J. Agric. Res. Vol. 34 No.2: 755 - 762 (2009) "http:/fwww.mujar.net”

EFFICACY OF THE iMPACT OF SUBLEATHAL DOSAGES
OF NUCLEAR POLYHEDROSIS VIRUS AGAINST
SPODOPTERA LITTORALIS (BOISD) LARVAE
A. Abd-Ei Halim', K.A.M. Elkhawass’ and Samya Z. Sayed'

1- Plant Protection Research Institute, Agricultural Research Center, Dokki-Giza, Egypt
2. Facuity of Agriculture, Alazhar University, Cairo, Egypt

{Received: Feb., 24, 2009)

ABSTRACT: The relative susceptibility of 2 and 4" instar of Spodoptera
littoralis (Boisd) larvae to nuclear polyhedrosis virus was studied by bioassay
in the laboratory .The obtained results showed that larval mortality increased
with increased dosage , whereas the dosage incubation relationship was
reversed . Larval age inversely affected mortality and incubation. The number
PIBs / larva required to reduce 50 % mortality in 2 and 4" larval instars
were 48 and 124 polyhedral inclusion bodies (PIB’s / Larval} .The median
lethal doses calculated as number of PIB’s / larva body weight showed that
2™ and 4" instar larvae were only three more susceptibility to virus fourths .
The LTs, values for 3x 107, 3x 10°, 3x 10°, 3x 10°and 3 x 10° PIB's/ Larval
were 2.9, 3.4, 4.5, 4.9 and 5.2 days respectively in 2° instar assay .Compared
with the LTs values for 3x 107, 3x 10°, 3x 10°, 3 x 10°and 3 x 10° PIB’s/
Larva were 6.2, 7.5, 4.8, 9.3 and 10.2 days respectively in 4" instar assay.
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INTRODUCTION

The cotton leafworm, Spodoptera littoralis (Boisd) has been and still is a
serious pest of cotton and other crops in Egypt, this pest seems to be more
difficult to control with various insecticides. The insecticidal value of
entomogenous microorganisms depends on their infectivity and
pathogenicity to target pests and disease vectors. Much effort has gone into
investigations on the qualitative and quantitative values of such pathogens
as agents for microbial contrel, in both the field and in the laboratory {Lomer
et al. (1999), Huber (2003), Miller (1990), Vail ef al. {2005) and Podgywaite,
1999). Lack of information on the quantity of test pathogen consumed by test
insects makes comparison of the infectivity of different pathogens, or even
the same pathogen tested at different times. This in turn would lead to
difficulty in the standardization of insect pathogenic microorganisms and
hence also in the evaluation of their potentiat as agents for microbial control.
This factor has attracted considerabie attention in recent times.
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The present investigations were intended to determine whether a nuclear
polyhedrosis virus (NPV) can be effectively used to control Spodoptera
iittoralis in Egypt. The precision of the assay estimates hingedmainly on the
used larvae that had completely consumed a known quantity of infective
material.

MATERIALS AND METHODS

All experiment were conducted under controlled conditions of temperature
26°C + 2°C and relative humidity 65-70%. This work has been conducted
under controlled conditions in the Cotton Leafworm Research Division Plant
Protec. Res. Inst., Agric. Res. Center, Dokki, Giza, Egypt.

One hundred of the 2" and 4™ instar Spodopftera littoralis (Boisd) larvae
was maintained for each replicate. Caster oil leaves were used for feeding
purposes of larvae reared under the different concentration.

Preparation of polyhedral inclusion bodies :-

Cadavers of Spodoptera littoralis larvae dead from NPV infection were
triturated in 20 mi of cold sterilized water. The aqueous (pH 7.4) semipurified
PIB suspension was brought to the top of cellulose nitrate tubes {15 mi)
containing four-layered sucrose gradient 35- 65% (w/w) at 10% intervals, and
purified further according to the method of Grzywacz, et al. (1997). The clean
PIBs were then suspended in sterile distilled ice water and centrifuged at
8500g for 30 min. The pellet of polyhedra collected at the bottom of the tube
and was finally suspended in sterile distilled water, pH 7.4. The suspension
(concentration 1.3 x 10° PIBs / ml) was back diluted to give five levels of PIB
concentration. Freshly molted second and fourth instar {arvae. To estimate
the pathogenicity of the virus six decimal dilutions of the stock suspension
were each tested against 100 iarvae. Each treatment was replicated four
times on 2" larvae and twice on 4" instar .

RESULTS AND DISCUSSION

Dose mortality data for both 2" and 4™ instar Spodoptera
littorafis (Boisd) are summarized in Table (1) . Mortality increased directly
with dosage , but susceptibility to virus was inversely affected by the age of
the larvae . Dosages of 3x10° and 3x10’ PiBs / larva) only caused over 90%
and 82% mortatlity when applied during the 2" and 4" instar srespectively .
None of the control larvae died from disease. The pathogenicity of the NPV
for 2™ ana 4" instar larvae was compared by plotting the larval mortality as
probits (Finney, 1971) This result was in agreement with (Lynn et al. 1980.
Butani et al. 1997 and Belisle et al. 1990 ) . May have caused some deviation
of laraval responses from the straight line . Since variation of mortality
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responses were not excessive and the values for (g) were lass than unity, the
normal deviate for the 5% level of probability was used as multiplier of the
standard error of {y) to obtain the limits of probit mortality. These limits for
the expected 10,30,50,70,and 90% lethal doses were tabulated as PiBs / larva
or PiBs / mg body weight (Table 2) .A comparison based on the median lethal
doses (LT; ) showed that 2" instar larvae were about two times more
susceptible to virus than 4™ instar larvae .However , only a twofold difference
between the same two stages was obtained when the LTy doses were
calculated as number of inclusion bodies / mg of body weight . Further, the
dosage ~montality lines indicated that 928 and 4.982 PIBs / larva or 48 and 124
PIBs/ mg body weight were sufficient to induce lethal infections in a few 2™
and 4" instar larvae, respectively .This results agree with Jones et al (1993 ).

Table (1) Number PIBs / Larva requtred to produce 10, 30, 50, 70 and 90 %
mortality in 2™ and 4™ instar of Spodoptera littoralis (Boisd).

% mortality 2" Instar Larvae 4™ Instar Larvae
PiBs / 95% fiducial limits PiBs / 85% fiducial limits
larva larva
Lower Upper Lower Upper

10 85 59 154 387 484 582
a0 a5 146 537 . 1.542 824 1.254
50 928 752 1.894 4.982 2.498 9.245
70 2482 1.845 4.587 9.542 2.985 17.254
80 15.249 7.248 28.749 A7.254 13.592 245.3214

The time of mortality at different concentrations of the vnrus fed to 2™ and
4" instar larvae was studled (Table 3). Mortallty of 2™ and 4™ instar larvae
feeding on dosages of 3x10, 3x10 3x10°, 3x10* and 3x10° PIBs / larva first
occurred on the 2.9 days 4" mstar larvae treated with the same
concentrations began to die after 6.2 and 10.2 days, respectively. An
mcubatuon tlme of 6 and 9 days was required for inttial mortality ,respectively.
In 2" and 4™ instar larvae exposed to 3x10° PiBs / larva. The LTy values,
estimated according to {(Jons 1999). In general the time of mortality at a given
dosage was longer in the older larvae with a fourfold increase in body weight
of the larvae the median Iethal tlme increased 5.2 and 10.2 days, respectively ,
at all dosages of 3x10° , 3x10°, 3x10%, 3x10* and 3x10° PiBsilarva. The
increasing slope dlfference at the given decreasing concentrations provided
evidence that the course of the disease was significantly altered by the age of
the larvae at the lower dosage .With concentrations producing less than 50%
mortality, the relation between larval age and period of lethal infection was
reversed .(Cherry ef al. 1999). It should be noted that the interval between any
two LTs, times was statistically significant .
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Table (2} Number PIBs / body wight required to produce 10, 30, 50, 70 and 90
% mortality in 2™ and 4" instar of Spodoptera littoralis {Boisd).

% 2" Instar Larvae 4™ Instar Larvae
mortality PIBs/Body | 95% fiducial limits | PIBs/Body | 95% fiducial limits
wight Lower Upper wight Lower Upper
10 9 5 14 17 9 19
30 15 11 23 29 18 35
50 43 32 59 124 98 169
70 164 101 235 397 248 421
90 958 358 1.265 2.457 1.987 3.105

From the above mentioned results it may be concluded that the
Spodoptera littoralis (Boisd) is highly susceptibie to the NPV larval mortality
susceptible to the NPV larval mortality varied with dosage. However a twofold
resistance to virus infecfion was developed by the larvae with a fourfold
increase in body weight . The dosage incubation relationship was reversed.
The dosage —incubation relationship was reversed. At a given dosage of
virus inoculum, the period of lethal infection .The larvae surviving a second
molt after virus ingestion developed and emerged normally comparable to
the controls this results agree with Eilenberg (2000) , Granados ef al (2001},
Keller et al (1996) , Wood and Granados (1991) and Wu et af (1999).

Table (3) The LT3 values and 95% fiducial limits for 2™ and 4" Spodoptera littoralis
{Boisd). Larval instar freated with nuclear polyhedrosis virus .

2" Instar Larvae 4™ |nstar Larvae
No. PiBs / 95% fiducial limits 95% fiducial limits
larva LTso! days Lower | Upper | LTeo/days | |gwor Upper
{days) | (days) (days) (days)
3x 10 2.9 2.8 3.8 6.2 5.4 8.1
3 x 10° 34 31 4.2 7.5 6.7 9.1
3x10° 4.5 4.2 5.1 8.4 74 9.2
3x10? 4.9 4.8 5.9 9.3 - 8.4 9.9
3x10° 52 5.1 6.4 10.2 94 11.4
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According to the resuit given in (Table 4) ali larval stages ranging from
very susceptible to apparently resistant were included in these tests. As the
larvae matured an inverse relationship between mortality and larvae age
(weight) became apparent. This decrease in susceptibility can be measured
either as a decrease in mortality. This apparent increase in resistance could
be partially due to the normal increase in a body weight which may serve to
dilute the constant virus dose . Another factor of importance to consider
when evaluating resistance based on maturation is that the incubation period
is never less than two days and increases up to five days with increasing
larval age , The apparent total resistance of older larvae could be due to the
fact that pupation takes place before the virus can exert its influence on the
larval this would especially apply when final-instar larvae are infected .

Table {4) Mortalities , LT value and b -value of Spodoptera littoralis (Boisd) larvae
of different ages treated with 1.4x10° Polyhedral inclusion bodies

lL.arvae age Larvae No. larvae Average LTs0 {days) b-Value
(days) (rhg) treatment | Mortality %
Newly _ 25 -+ 98.2 3 -
hatched 0.00785 100 97.5 4 1.72
4 0.02985 100 90.8 5 1.31
5 0.05435 100 86.2 8 0.34
8 0.12318 100 53.8 12 0.22
7 0.15089 100 48.2 13 0.21
8 0.16243 100 33.2 14 0.20
9 0.38512 100 11.0 0 0.20
REFERENCES

Belisle, B.W.; M. Shapiro;E.M. Dougherty; H.A. Rathburn; G.B. Godwin; K.M.
Jeong; R.H. Chiarella and D.E.Lynn (1890). Gypsy moth nuclear
polyhedrosis virus in cell culture a likely commercial system for viral
pesticide production. Invertebrate Pathology and Microbial Control,
Adelaide, Australia,12: 20-24,

Butani, P.G. ; M.N. Kapadia and G.J. Parsana (1997). Comparative efficacy
and economics of nuclear polyhedrosis virus (NPV) for the control of
Helicoverpa armigera (Hubner) on groundnut. Journal of Ollseeds
Research. 14: 1, 85-87.

759



A. Abd-El Halim, K.A.M. Elkhawass and Samya Z. Sayed

Cherry, A.d.; C.J. Lomer; and 8. F. Djegui (1999). Pathogen incidence and
their potential as microbial control agents in IPM of maize stem borers in
West Africa . Biocontrol. 44: 3, 301-327.

Eilenberg, J. (2000}). Research in microbial contro! of pests17”‘ Danish Plant
Protection Conference. Horticulture. DJF- Rapport, Havebrug. No. 12, 17-
20,

Finney, D. J. (1971): Probit analysis (3 rd., Combridge University. Press, New
York . 333 pp)

Granados, R. R. ; Y. Fu ; B. Corsarc ; P.R. Hughes and Y. Fu (2001).
Enhancement of Bacillus thuringiensis toxicity to lepidopterous species
with the enhancin from Trichoplusia ni granulovirus Biological Control.
20: 2, 153-159,

Grzywacz, D.; D. Mckinley ; K.A. Jones and G. Moawad (1997). Microbial
contamination in Spodoptera Littoral’'s nuclear polyhedrosis virus
produced in insects in Egypt. J. Inverteber. Pathol. 69: 151-157.

Huber, J. (2003) History of the CPGV as a biological control agent - its long
way to a commercial viral pesticide Proceedings and Microbial Controi,
Adelaide, Australia, 424-427.

Jones, K. A.; AWestby;P.J.A. Reilly, and M.J. Jeger { 1993 ). The exploitation
of microorganisms in the developing countries of the tropics.P. 343- 370.

Keller, B. ; I. Burkhardt ; E. Fritsch ; R. G. Kleespies ; Butz-P; H. Ludwig ; B.
Tauscher and J . Huber {1996). Uitra high pressure decontamination of
viral pesticides insect pathogens and insect parasitic nematodes. Bulletin
OILB SROP. 19: 9, 279-284.

Lomer, C.J. ; W.D. Gelernter and H.F. Evans {1999). Factors in the success
and failure of microbial agents for control of migratory pests Proceedings
of the Society of Invertebrate Pathology Conference, 4: 4, 307-312.

iynn, D.E; M. Shapiro; E.M. Dougherty; H, Rathburn; G.P. Godwin; K.M.
Jeong; B.W. Belisle and R.H. Chiarella (1990). Gypsy moth nuclear
polyhedrosis virus in cell culture: a likely commercial system for vira!
pesticide production Proceedings and Microbial Control, Adelaide,
Australia, 12.

Miller, L.K. (1990) Molecular baculovirology, regulation of ecdysis and
improved viral pesticides Proceedings and Microbiai Control, Adetaide,
Australia. 446,

Podgwaite J.D.(1999). Biological insecticide for the gypsymoth.Journal-of-
Forestry. 97: 3, 16-19.

760



Efficacy of the impact of subleathal dosages of nuclear polyhedrosis..

Vail, P.V.; D.L. Hostetter and Hostetter D.F. Hostetter (2005). Development the
multi-nucleocapsid nucleopolyhedroviruses (MNPVs) infectious to loopers
(Lepidoptera: Noctuidae: Plusiinae) as microbial control agents
Integrated-Pest-Management Reviews. 4: 3, 231-257.

Wood, H.A. and R.R. Granados (1991). Genetically engineered
baculoviruses as agents for pest control. Annual Review of
Microbiology. 45: 69-87.

Wu, F.; Y.X. Cai; 8.T. Liao; X. Ying; 8. Wang; -F.Q. Wu; Y.X. Cai; S.T. Liao; X.
L. Ying and 8.C. Wang (1998). A preliminary study on the infection of pest
Lepidoptera with BMNPV. Guangdong Agricultural Sciences. No. 4, 35-36.

761



A. Abd-El Halim, K.A.M. Elkhawass and Samya Z. Sayed
B s s NPV (uguil diaadl 8 ddualll 4o jall 00 A
PR U O SR LY

Y G Al ¢ Tl A daaa daal Al ¢ TS 46 ailall 2 daal

s <33l B (et 5 Bgal 35 e 1cSRD Ll g i gay agaa = )

et BBUEY ¢ o 1 Aedla ey A0 - Y

el padlal)

s 825 ol g AGN el By e O Aoulua Aul M e cidg
B 3 NPV (upd usomglsn pbSpdl (upll Al b Ldaill 4o pll hid
D) el sl

Basal a5 BN aall Gl e JS gall A B3l N Aol Bay)
- ds al Bali gy bR (3

il Giga Cigiald a D Gl Ao al) g @l sas G b ABS g

g a5 A g D et ClBy o %o (B DY PIB cliag s
Cosl e dB, S PIB VY gt A ol ol

OB Sl COG Jlad Lipaad Liialll Ao ol Lulwa A8 jeal @l o gl
Ol (g B39 ol B el Gy (e Lg3liia

Gl Al clejall B saadl @y o %o S AU clgh of aag
3X103- 3X104 -3X105 - cle all oY 56,4 5t,0 g ¥, & 4 ¥,4: S
A JeIX106 -3X107

DS S AR e all ad N sesd By e %o 1 TR PO
3X103- 3X104 -3X105 -3X106 - e all 1,Y 4 V,0 g Af 44, V4,
. A Ae3X107

762





