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INTRODUCTION

Few entomopathogenic viruses, which are specific. efficient and safe to non-
target organisms have been exploited as pest control agents. Some of these agents
(e.g., Baculoviruses) have shown potentiality as an excellent alternative to chemical
insecticides in the intcgrated pest management programmes (IPM) (Elnagar and El-
Sheikh, 1989). A member of the family baculoviridae subfamily Eubaculovirinae, is
the granulosis virus (GV), (Francki, et a/, 1991). This occluded virus was strongly
proposcd for field application (Tanada. 1964). S Jittoralis GV was isolated from
diseased larvae more than 15 yecars ago at Bouake in Cofe d'/voire and
characterized, in Egypt, through its physical. immunological, and biochemical
properties as GV-Spodoptera by Aboi-Ela et al.,, (1994). Although S. /ittoralis NPV,
which was isolated in Egypt fourty years ago (Abul-Nasr, 1936), is known by its
acute pathogenicity to the lst instar larvae, the granulosis virus acts strongly against
later instars (Narayanan, 19835). This fact may be considered in the management of
S. lirtoralis. In Egypt, the granulosis virus was neither studied sufficiently, nor
infectivity tests were previously conducted. The present work was, thus, designed to
evaluate the pathogenicity of the virus and its host range, which are fundamental
facts for better understanding of S. /ittoralis GV:

MATERIALS AND METHODS

The test inmsect used in the present study was S /itroralis (Boisd.)
(Noctuidae); the source of its culture was originated from moths collected by a light
trap and maintained for several successive generations under laboratory controlled
conditions of 23 + 2°C and 63-70% R.H. Larvae were maintained on asemi-
synthetic diet, described by Shorey and Hale (1965), and those for bioassay tests,
were maintained on the same diet ingredients excluding the formaldehyde. All the
different developmental stages of this test insect were maintained as described by

Khamiss (1991).

The granulosis virus used in the present work was available at the
Entomovirology Laboratory, Dep. of Econ. Entomol., Fac. of Agric.. Cairo Univ.
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This virus was originally isolated from S. /ittoralis larvae at Bouake in Cote d'Ivoire
and purified by P. Monsarrat and F. Baillon (Personal communication).

GV-infected larvae were homogenized in buffer (50mM Tris, 2mM SDS pH

7.8), the homogenate was filtered through several layers of cotton and muslin
(Tompkins, 1991)." Clarification of the filterate suspension took place by a low
centrifugation at 1400 g for 35 min using Beckman J2-21MIE centrifuge, rotor 20
JA. The virus was pelleted from the supernatant by centrifugation at 28000 g for 30
min using the same rotor. The pellet was resuspended in 1m} Tris buffer (50mM pH
. 7.8) deposited on 30-70% (w/w) continuous sucrose gradient and centrifugated at
55000 g for 20 min using Beckman L.7-63 ultracentrifuge, rotor SW 28. The band
containing granules was drawn off with a Pasteur pipette, suspended in Tris buffer,
~and centrifuged at 43000 g for 30 min using Beckman J2-21MIE centrifuge, rotor

20 JA for washing; pelleted granules were then resuspended in Tris buffer. The '

highly purified viral granules were checked by spectrophotometer DU-70 through
3 450 nm wave length, and stocked in Tris under -20°C.

" Bioassay tests of S. littoralis GV

The highly purified SI GV stock suspension, diluted to 4-5 different
concentrations, was tested against the 2nd (4-3 day-old), 3rd (6-7 day-old) and 4/
(8-9 day-old) instars of S. littoralis larvae pooled out from the virus-free culture.
Tested larvae were starved 6-8 hours before exposure to the differcnt virus,
. concentratlons

‘ “The lethal concentration (LC) of S littor ahs GV was determmed for the 2nd
and ‘4t larval instars. A plastic plate measuring 18 x 12 x 1 cm, containing 0.5 cm
“layer of dict was divided by a plastic sheet into 84 squares-1.5 x 1.5 cm each. Each -
‘ square was dosed with one of the tested concentrations (e.g., 119, 11.9,1.19, 0.119, ..

B 0.0119 OD. (1 (Optical density) OD,350 = 1.48 x 101 capsule/ml and Iml at 1 .

: KOD-bO =0. 125 mg capsule/m}, (Chang and Tanada 1978) in 23 wl dlSlllllCd water :’ ‘

e dlspensed on the dlet surf'lce .

, The bioassay method descnbed by Elnagar et-al., (1983) was used to
determine the lethal dose (LD) of S! GV for the 2nd, 3rd and 4th instars. Each virus
dose was administered on a disc of diet, 0.4 cm diameter and 0.2 cm thick, placed in

“.a well of a microtiter plate. Five pl of each virus dose (119, 23.8, 11.9, 1.19, 0.119,

" and 0.0119 OD) was applied on each disc and allowed to air drying before placing

- _the starved, larva. Rate of mortality was calculated according to symptoms of viral

" infection as well as nucleic probe and corrected accordmg to Abbott's Formula E
(1925). -
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Host range of S/ GV

The S/ GV ‘was- tested against six imsect species from Lepidoptera.
representing  different genera from different families : the lesser cotton leafivorm, S.
xigua (Hb.), the black cutworm, Agrotis ipsilon (an) and the maize worn,
Mythimra loreyi (Dup.) all from Noctuidae, the. greater wax moth, Galleria

melonella (L.) (Pyralidae), the cabbage butterfly, Arfogeia rapee (L..) (Pieridae), and I

the pink bollworm, Pectinophora gossypiella (S.) (Gelechiidac).
RESULTS

Obtained results Gemonstrate that the 2nd and 4th instar larvae of S. /littoraiis
. were susceptible to S/ GV and mortality rates among tested larvae, increased with
the increase in virus concentration (Table 1). The highest rates of mortalities
96.76% and -91.21% were achieved for the 2nd and 4¢h inslar, respectively, at 119

OD/ml. Determination of LC value was based on the percent mortality obtained

from the daily record of death. Death due to virus infection occurred during the
larval stage. The calculated LC50 for the 2ad and 4tk instar was 0.052 and 0.813
OD/ml, respectively (Table 1). The time required for initial mortality was 5 and 8
da) s, for the 2rnd and 44 instar, respectively, and the last mortalities due to virus

treatment were corcluded by the 547k and 41sf day. The estimated LC25 and LC90
values, for the above mentioned instars were (0.01 and 1.17 OD/ml) and (0.035 and
288.4 OD/ml). respectively (Table 1). Cbiained results proved that the 2nd instar
larvae were more susceptible to virus infection than the 44 oncs, the LC25 value of
the latter instar was 3.9 times more than that of the former onc. The same trend was

- observed with the LC350 and LC90, where theirvalues for the 4t/ instar, werc 15.9

‘and 246.49 times more than that of the 2nd one. Concentration - mortality

regression line did not indicate any difference, in the slope of the line, between the-

2nd and 4th instar, whlch suggests a similar type of respons\. bemeen tlu. two
instars to SI GV. N

T : . " TABLE (1). : “ )
' Mortahty percentage and LCZ: LCJO and LC90 values of S/ GV versus S littor alls
‘larvae. : .
2ndinstar
Replicate % Mortality at indicated virus ations (OD) Estintated LC values
No. 119 1.19 0.119 0.0119 1.c25 | Lcso | Levo
1 _o4uar 1 42145 37/54. | 16M9 o
T 9762) | ©335) .| (68.5D) (32.65) }
2 40/41 35/38 38/50 16/52
(97.56) (92.10) (76} {32.69)
3 43745 37/44 . 33/54: 8 47
(95.55) (8.09) (61.11) (17.02)
Total 124/128 1147127 1087158 |- 411148 0.01 0.052 1.17

y=309x-1.1.

R




4th instar

Replicate % Mortalily at indicated virus concentrations (OD) Estimated LC values
No. 119 11.9 1,19 0.119 0.0119 1.C25 LC50 1.C90
1 24/29% 17/23 29433 14/40 12 42
(96.55) (73.91) (78.79) (35) (28.57)
2 26/30 21/34 (13/26) 9 35 8 28
(90.63) (61.76) (50) (25.71) (28.37)
3 26/30 (15/28) 8 31 7 31 536
’ (86.67) (53.57) (25.81) (22.58) (13.89)
Total 83/91 53/85 47/90 30/106 25/102 0.039 0.8268 288.4
(91.21) (92.35) (52.22) (28.58) (24.51)

. y=16.94 X +0.476;
*No. of virus dead larvae/total number of tested larvae; percentages are between brackets.

Results show that the rate of momhty among tested larvae increased directly -

w1th the increase in virus dose. The time required for initial mortality was 12,6 and

¢ days and all mortalities due to virus treatment occurred during the larval stage and
concluded by the 34th, 25th and 41 days for the 2nd, 3rd and 4tk instar, -

" respectively, and according to the dosc level. Data in Tables (2, 3 and 4) show the:-
estimated LD 25, LD30 and LD90 values of the 2nd, 3rd -and 4th instars, :
respectively. LD25 value for the 424 instar was 185 and 160 times more than that of -
the 2nd and 3rd instars, respectively. However, the LD25 value of the 34 instar was
only 1.15 times that of the 2nd onc. Also, the LD30 for the 4/ instar was 38.63 and

'24 98 times that of the 2nd and 3d instars, respectively, while the LD30 vaiue of
the 374 instar was. only 1.55 times that of the 2nd one. The LC90 of the 44/ instar

“was 1.7 and 1.57 times that of the 2nd and 3rd instars, respectively. The LD90 for

the 3rd instar was 1.09 times that the 2nd one. Analysis of dose - mortality data -

.- indicate no difference in the slope of the regression lines of the 2:d and 37 instars, -
while a clear difference in that slope occurred between the 2nd and 4¢/ instars. |

:  There was an inverse relationship between the virus dose (or concentratibn)
*rand- the time required for 25% mortality (LT25) and 50% mortality (LT50). Results'-

" in Tables (53 & 6) indicate that the prolonged duration of larval instars due to GV =

infection, was more common with the lower infectious doses.
Host rauge of S. littor alls GV:

Rcsults of the host range study arc prcscnted in Table (7). A test msect was

considered to be a host of S/ GV, when the characteristic symptoms of GV disease "

were observed on the test larva, in addition to the detection of virus in dead larvae. -
Results in Table (7) show that, S/ GV could.infect only the 2 insect species -
belonging to family Noctuidae, (S. littoralis and. S. exigua) using the high
concentra.ion 119 OD. L : L




TABLE (II)
Mortality percentage and LD25, LD50 and LD90 values of S/ GV versus 2nd larval
instar of S. /ittoralis.

Replicate % Mortality at indicated virus doses {OD) Estimated LD values
No. 119 11.9 1.19 0.119 0.0119 LD25 LD350 LD90
1 20/20* - 22/39 - 4 36
(100) ) - (56.41) (11.11)
2 16/19 9 19 6 19 19 117
(84.21) | (4737 | BL5T) | (i1l | (5.88)
3 55 911 912 48 410
(100) (81.82) (75) (50) (40)
Total 41/44 18/30 37770 517 9 63 0.078 1.048 1243
(93.18) (60) (52.86) (29.41) {14.28)

y=17.886 X-3.381;
*No. of virus dead larvae/total number of tested larvae; percentages are between brackets.

“TABLE an -
Momhtv percentage and LD235, LD50 and LD90 values of S/ GV versus 3rd larval
instar of S. littoralis. ‘

Replicate % Mortality at indicsted virus doscs (OD) Estimated LD values
No. 119 11.9 29 | 0119 0.0119 1.D25 1,DS0 LD90
1 28/34* 14/23 15/33 6 14 6 22
(8$2.35) (60.86) (45.45) (42.86) (27.27)
2 10 10 46 39 4 14 28
(100) (66.67) (33.33) (28.57) (25)
3 31732 19727 19/37 14/40 9 38
(96.87) (70.37) (51.33) |- (35) (24)
4 28126 13/30 10-29 722 . (6/20) .
(96.15) (43.33) (34.48) {31.81) 30% v
Total 94/102 50/86 47/108 31/90 23/88 . 0.09 1.62 135.98
(91.36) (53.94) (37.87) (27.78) (18.73)

y=16.286 X -3.048; : . .
*No. of virus dead larvae/total number of ts:ed larvae; percemages are between brackets. ‘ .

-TABLE (IV)
Mortalxty percentaoe and 1D325, LD:O and LD90 values of S/ GV versus 4111 larval
_ instar of S. littoralis.

Replicate % Mortality at indicated virus doses (OD) Estimated LD values
No. 119 23.8 11.9 1.19 0.119 0.0119 | LD25 | LD30 | LD90
1 11/11* 10 13 10 16 512 0 0
(100) | (76.92) | (62.60) | (41.67) )
2 9 18 10 29 6 24 317 Y 0
(50) (34:48) (25) (17.63)
3 13/26 19/27 6 39 3 46 0 -0
(50) (70.37) | (15.85) | (6.52)
Total 33/55 27/70 2479 10 75 0 0 14.45 40,74 | 214.54
(60) (38.57) | (27.85) | (13.33)

y=11.257X-11.476;
*No. of virus dead larvae/total number of tested larvae; perc entages are between brackets.
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TABLE (V)
Calculation of LT25 and LT50 values of S. /ittoralis GV from LD experiments.

Inscct instar Tested dose (OD) | . LT25 (in days) LT50 (in days)
59x 101 18.78 28.1
2nd ©5.9%10? ©20.53 32.27
. 59x10% " 35.97 -
5.9x 10! 10 , 15
- 3rd ©59x102 1471 23.1
5.9 x 103" T 16.98 -
ath - 59x 107 16 ( 26.22
' ‘ 1.19x 101" 17.12 -

© *Rate of mortality did not reach the 50%.

TABLE (VI) ‘
*Calculation of LT25 and LT50 values of S. littoralis GV from LC e\per1n1ents

Inscct instar Tested Conc, (OD) | LT25 (in days) LT50 (in days)
119 ‘ 23.13. 37.37
2nd ) . L1 ) 242 £36.32
' 0.0119% 48.85 S -
119 . 1146 : 18.12
cd4th o 119 - o 13.02 21.46 .
( ~ 7 0.0119* 19 -
" *Rate of mortality did not reach the 50%. ‘
TABLE (VII)
- Suscepublht} of dlfferent lepldopterous species to infection with S. Itttor alis GV ata:
‘ .dosc of 119 DO
© Family Test insect species No. of tested No. of virus % Mortality |
) . larvae dead Iarvae response
S. littoralis . . 145. oL 9T 66.89
-| Noctuidae * | S. exigua SR (TR SR SR - RN R0 §
| Agrotisipsilon . [ | 258 R I "0,
v | Mvthimma lorevi | 66 . | 0 0
Pieridac Artogeia rapae : 20 0 0.
Pyralidae Galleria mellonella 20 0 .0
Gelechiidae | Pectinophora go‘ssvpiella ‘ 20 0 -0
DISCUSSION

In splte of - the late appearance of Iarval mortahty with GV the early mstars :
-were morc susceptible to viral infection ‘than the later ones. These results are . .
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parailel to those of Crook and Brown (1982), and . Sheppard and Stairs (1977).
Bascd,on the LC50 values, the 2rd instar larvae were more susceptible to S/ GV
than the 4t/ ones, but the 1.D30 values for the 2nd and 3rd instars were similar. The
LD30 for 3rd instar was 1.55 times that of the 2nd oue, while the LD30 for 4th
instar was 38.65 and 24.9 than that of the 2nd and 37d instars, respectively. The
LD30 f{or the 2nd and 3rd instars were approximaicly similar because in the .
bicassay tests, both the late 2nd and early 3rd instar larvac were used. However, a
noticcable differcnce in the LD30 vaiues between thic 37 and 4¢h larval instars were
observed. These results agree with those of Easwaramoorthy and Jayaraj (1993),
who reported that the LD50 values of the 3rd and 47 instar larvae of Chilo
sacchariphagus indicus GV were 533.3 and 2666.9 TBs/larva, respectively. In this
respect, Elnagar ef al., (1983) suggested that vounger larvae, are likely to be the
suitable target for virus treatment where less virus concentration is needed and
faster mortality could be attained before serious damage occurs to the crop by older
larvae.

In comparison with the NPV's, GV's are generally more sclective viruses.
(Ignoffo. 1968, Payne et al, 1981 and Groner, 1936). Oblaine ed results also
"demonstrated that S/ GV infected the larvae of the alternative host S. exigua, this
result agrees with the findings of Smith and Rivers (1936), Ripa ¢t al,, 1979), Crook
(1986). Zethner and Cgaard (1982) and-Easwaramoorthy and Jayaraj (1987} with
other GVs. The S/ GV failed to cause infection in inscct specics from different
gencra belonging to the same family c.g., 4. ipsilon or M. loreyi (Noctuidac). In
contrast, L. pomonelia GV infects insc cts from different genera in the same family
(xortriuidnc) (Buber 1978). Plodia interpunciella and Cadra cautella GV's have a
ross transmission among their hosts (Hunter and Hoffman 1972). In most cases in
comrast to NPV-induced mortality, mostly in the 1st and 2nd instars, GV-treated
larvac did not dic before the last instar, so a remarkabic expanding in the duration
of infected larval instars was clearly observed, while thosc of control had been.
-cmerged to adults. Mortality in' H. armigera due to GV never occurred before the i
“4th instar, but mostly just -before pupatigh:(Hamm, 1982). Present results on time
mortality arc in harmony with " those obifained by Hamm (1987) and Benz (1963). -
- The GV-infected larvae showed a change into a whitish or brownish colour,
particularly on the ventral side, and some of thesc larvae were larger than the

normal oncs. It is possible that, S/ GV may represent an 1mp0rt1m complemcmary s

agent alongside mth S htromhs NPV in the IPM progmmmc of this pest.

)

SUMNIARY

Standard bioassay studies on S iilt_oz.-zilis granulosiéa\firus 87 GV) were
carried out in the laboratory to determine values of the lethal concentration (LC)

and lethal dose (LD) of virus for the 'different instars of S. /ittoralis larvae. The

LC25, LC30 and LC90 wvalues were, detcrmmcd for both the 2nd and 4/h hr\ml
mshr these values were 0.01, 0.052 & 1-17 ‘and 0.036, 0.831 & 288.4 OD/1.5 cm?
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- of diet, respectively. The LD50 values were determmed for the 2nd, 3rd and 4th

larval instar; as3.2x 10‘J 8.1x103 and2x 1071 OD/larva, respectively. Median
lethal time, increascd with decreased virus dose, and was longer for younger instars
than older ones. The host range of S/ GV was studied for Spodoptera exigua,
Pectinophora gossypiella, Galleria melonella, Agrotis ipsilon, Artogeia rapae, and
Mytliimna lorevi. The SI GV infected only S. exigua which belongs to the same
genus of the homolegous hOSL .
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