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ABSTRA CT: III vivo screening (If eight O(Jtic~11 hdghtencl's as UV PI'OICl'llllll.<; 1'01' l\ladlll'ai 
isohlte of NPV of /imsac(a alhisfriga ("Valker) /'evellied that RanipaJ nVN and 2B IlJ'o\idl'd 
~xcellcnt I)rotection (> 80% original activity remaining), The retcntion of virlll lIt'livi.y nlllgcd 
from 90.8 to 97.6 pel' cent and 83,4 to 95.4 pe/' cellt ill various ('oll{'cntratioll.'i I'l"Iml 0.1 II) 1.0 ,ICI' 
~ellt ~Ol' Runipal llVN and 2B. reSIJcctively while it WliS only from 4.6 to 7,0 PCI' l'cnl ill lJV 
Irradlatcd NPV for 60 min. Addition of the he"t UV 1)I'Met'tant. IhlUij)lll BVN 1I111ng with 
phagostimulants (molasses and crude sugal') and inort!ank .subslllnces (bul'jc ,Idd lind lII'cal 
enhanced the virulence of A. al/Jistriga NPV by reducing LT", hesides causill/.: lhc hi)!hcst 
mortality. . 

KEY WORDS: Adjuvants. Alllw/cw ,lIhislriga, LT"". NPV. OAR, optical hrightcllc:r, 

The Red hairy caterpillar. Amsacta {/lhistriga 
(Walker) is a seasonal hut destructive polyphagous 
pest attacking several crops including rain fed 
groundnut. Arachis hypogaca L. (David and 
Kumaraswami, 1982), Entomopathogenic viruses. 
particularly the l1ucleopolyhedrovirus, are reported 
to be potential biopeslicides for the management 
of this pest. However. their relatively slow action, 
specificity to a single insect pest, high level of 
ultraviolet inactivation as well as inactivation by 
glandular secretion or leaves and poor storage 
capability limit their efficacy and large scale 
commercial production and lISC. Efficacy of 
entomopalhogcns can be maximized by conserving 
their stability in the environment (lgnoffo and 
Falcon. 1(78). Several natural and synthetic organic 
chemicals have been evaluated as sunlight 

protectants for entompalhogens sllch as viruses 
(Jaques, 1(71), bacteria (Krieg, 1(75). protozoa 
(Teetor and Kramer, 1(77) and nematodes (Gaugler 
and Bousch, 1(79). Optical brighteners arc being 
used as fiuorochro111es for micro-organisms (Slifkin 
and Cumbie. 1(88). During the past decade, many 
scientists demonstrated several optical brighteners 
as sllccessful UV protectants for Douglas-fir 
tussock moth NPV (Martignoni and Iwai, (985), 
!:JI){)dop!('m./i-ugiperda NPV (I-lamn1 and Shapiro, 
19(2), LYlllall/ria dispar N PV (Shapiro and 
Dougherty_ [9(4) and Spodoplera tilliro NPV 
(M urali Baskaran et (If .. 19<)7). Protection or gypsy 
moth NPV (Shapiro, 1(89) and S. filllm NPV (Murali 
Baskaran et al .. 1998) by congo red at 0.5 per cent 
from UV rays was well demonstrated. In the present 
study. ellect of addition or sckctr.:d optical 
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brighteners on the protection of the virus particles 
and enhancement of the virulence of Madurai 
isolate of NPV of A. albistriga was determined. 

Eight optical brighteners. Ranipal BVN, HI, 
2B. MM, 2BA. Sand 5G and Ultra HRU obtained 
as powders from Mafatlal Company, Mumbai were 
screened as UV proteclanrs for A. {[Ibis/riga NPV 
at Biocontrollaboratory. Dcpm1ment of Agricultural 
Entomology during 2002 - 2003. NPV was diluted 
to a concentration of I x I ()~ POBs/ml with different 
concentrations of optical brighteners (0.1, 0.5 and 
1.0%) and 100 III I was pipened in a 250 1111 conical 
flask. Each conical flask was held 30 cm below n 
UV lamp (15 W Philips make) and was exposed for 
60 minutes (Murali Baskaran el (// .• 1998). After 
exposure. the volume was adjusted to 100 ml and 
one !TIl of aliquot was used to treat both surfaces 
of leaflets of groundnut. Untreated larvae exposed 
to nOll-irradiated NPY served as check. Fifteen 
fourth instal' larvae were infected for each 
replication and the virus-induced mortality 011 the 

eighth day was recorded. UV protection was 
measured in terms of original activity remaining 
(OAR) after irradiation (Jgnoffo and Batzer, 197 I). 
Based on the per cent OAR. optical brighteners 
were categorized as no protection « 10(/0), low 
protection (I \-3WYc,), fair to good protection (31-
50%), superior protection (SI-8(F:O and excellent 
protection (> 80(1£) (Shapiro, 19(2). 

OAR (')f,)= 

NPV callscd larval mortality 

post U Vex j1osun: 

NPV causeD larval mortalitv pre 

UV exposure 

x 100 

The best optical brightener obtained from this 
study was lIsed in combination with urea and boric 
acid to evaluate the efficacy of this combination 011 

enl1anci ng the virulence of N PV against II, III and 
IV instal'S or A. (/Ibisfr(~a. Each treatrnent was 
replicated four times. The virus induced mortality 
was recorded daily starting from 4 to 8 days. The 
capacity of adjuvants in enhancing the virulence 

Tuble l. Original activity remuining of Madurai isolate of NPV of A. albistriga suspcnded in difl"crcnt 
opticul brightcners 

Treatment Original activity remaining at 8 day PI (%) Mean(X) 

O.I(k O.5'YC 1.0'1£, 

NPV + Hp (No UV) 58.8 {49.Il)c 60.5 (50.72)' 55.5 (46.53)1> 

NPV + H
2
0 (60 UV) 4.6 ( I O.87)f 6.9 (10.87)" 7.0 (15.37)[ 6.2 

NPV + optical brighteners (60 UV) 

NPV + Ranipal BVN 90.8 (75.24)" 97.6 (84.89)" 97.684.85)" 95.3 

NPV + Ranipal HI 35.5 (36.60)d 39.5 (39.0 I)d 41.9 (40.36y 38.9 

NPV + Ranipal 2B 83.4 (66.06)h 9S.3 (79.77)h 95.4 (79.85)" 91.4 

NPV + Ranipal MM 6.8 (12.99Y 9.2(15.19)" 16.3 (23.72)" 10.8 

NPV + Ranipal 2BA 19.3 (25.96)" 20.9 (27.ll)r 30.3 (33.3l{)d 23.5 

NPV + Ranipal S 18.9 (2S.79Y 23.2 (28.81)r 27.9 (31.92)11 23.3 

NPV + Ranipal 5G 9.3 (lS.27t 23.3 (28.88{ 25.7 (30.41)" 19.4 

NPV + Uhra HRU 12.2 (20.26yr 28.1 (31.93)" 32.5 (34.7S)d 24.3 

Mean 33.9 40.5 43.0 

F!g.ures in parentheses afe arcsine-transformed values; means followed by same Ietter(s) are not signi ficanlly 
dlftercnt by DMRT (P = O.DS); Treatments involved with NPV containing I x 10./ POBs/lll!; 
PI - Post Inoculation. 
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Table 2. Categorization of optical brighteners based on their OAR values 

10% 11-30% 31-50°;(J 51-80% > g()(k, 

- Ranipal2BA Ranipal - Ranipal BVN 
Ranipal S HI Ranipal28 

Ranipal5G Ultra 
Ranipal MM HRU 

Table 3. Mortality of different instars of A. albistriga due to Madurai isolate ofNPV with adjuvants 

Treatment Original activity remaining at g day PI «Yc,) Mcan(X) 

II instal' III instal' IV instal' 

NPY + urea 0.5% + Ranipal 
BYN 0.1 % + crude sugarO.5% 96.7 (79.53)" 93.3 (74.99)" 81.7(64.67)" 90.6 

NPY + urea 0.5% + Ranipal 
BYN 0.1 % + molasses 0.5% 93.3 (74.99)" 91.7 (73.26)a 76.7 (61.14)" g7.2 

NPY + boric acid 0.5% + Ranipal 
B YN 0.1 % + crude sugar 0.5% 85.5 (67.21 i' 81.7 (64.67)" 70.0 (56.79)h<'<1 78.9 

NPY + boric acid 0.5% + Ranipal 
BYN 0.1 % + molasses 0.5% 78.3 (62.24Y": 80.0 (63.43)h 71.7 (57.86)1>1' 76.7 

NPY + urea 0.5% + crude 
sligar 0.5% 70.0 (56.78y~1 68.4 (55.79)<' 63.4(52.77)"1 67.3 

NPY + urea 0.5% + 
molasses 0.5% 61.7 (51.77)d 60.0(50.77)" 60.0 (50.77)"" 60.6 

NPY + boric acid 0.5% + 
crude sugar 0.5% 68.4 (55.79)<'1 68.4 (55.79)" 61.7 (51.77),,1 66.2 

NPV + boric acid 0.5% + 
molasses 0.5% 65.0(53.73)<1 63.4 (52.77Y 58.3 (49.78)'1 62.2 

NPValone (I x I<Y POBs/ml) 63.8 (52.47)d 60.5 (48.63)<1 58.5 (46.31 t 60.9 

Treatments involved with NPY containing 1 x 104POBs/ml; figures in parentheses are arcsine 

transformed values; PI - Post inoculation. 

of NPV was assessed by calculating LTso values. 

Irradiation of an aqueous suspension of 
Madurai isolate ofNPY orA. albistriga for 60 min. 
reduced the insecticidal activity of NPY from 94.8 
to 6.2 per cent OAR. The capacity of optical 
brighteners as UY protectants ranged from 10.8 
(Ranipal MM) to 95.3 (Ranipal BVN) percent OAR 
(Table I). Even at low concentration 01'0.1 pcr cent 
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or Ranipal BVN and 2B, more than 80 per cent of 
viral activity remained and it was 35.5 (Ranipal HI), 
18.9 (Ranipal S) and 12.2 (Ultra HRU) percent OAR 
whereas less than 10 percent OAR was recOl'ded in 
Ranipal 5G and MM. More than 90 per cent 
protection of insecticidal activity of NPV with 1.0 
percent of Rani pal BVN and 28 was observed while 
in the remaining treatments, less than 40 per cent 
OAR was recorded. Out of eight optical brighteners 
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Table 4. LT ~J for various in'imrs of A. albistriga treated with Madurai isolate of N PV along with adjuvant..; 

Treatment 

I. NPV + urea 0.5% + Ranipal BVN 0.1 (};; + 
crude sugar 0.5% 

2. NPV + urea 0.5% + Ranipal B VN O. 1%+ 
molasses O.YYc 

3. NPV + ooric acid 0.5% + Ranipal BVN D.I (1() + 
crude sugar 0.5% 

4. NPV + boric acid O.S% + Ranipal BVN 0.1 % + 
molasses O.S% 

5. NPV + urea 0.5% + crude sugarO.5% 

6. NPV + urea O.S% + molasses O.YJi, 

7. NPV + ooric acid 0.5% + crudc sligar 0.5% 

8. NPV + ooric acid O.S% + molasses O.S% 

9. NPV alone (I x IO~ POBs/ml) 

tested, Ranipal BVN and 2B provided excellent 
protection to NPV, resulting in more than SO per 
cent OAR, while Ranipal HI and Ultra HRU provided 
fair to good protection with OAR bctween 31 and 
50 percent. Ranipal 2BA, S, 5G and MM provided 
lillie protection with OAR oetwecn 1 1 und 30 per 
cent (Taole 2). 

Efficacy of adjuvant mix on the virulence orA. 
albistriga NPV 

The adjuvant mix, NPV + urea (0.5%) + crude 
sligar (0.5%) + Ranipal BVN (0.1 %) was effective in 
enhancing the virulence, resulting in 96.7,93.3 and 
81.7 per cent mortality of II, III and IV instal', 
respectively, followed by NPV + urea (0.5%) + 
molasses (0.5%) + Ranipal BVN (0.1 %) (93.3,91.7 
and 76.7%) while NPV alone caused 63.8, 60.S and 
58.5 per cent mortality at 8 day post inoculation 
(Table 3). The adjuvant mix, NPV + urea (0.5%) + 
crude sligar (0.5%) + Ranipal BVN (0. I %) increased 
the virulence of NPY by reducing the LT50 of NPV, 
resulting in 99.12, 103.68 and 120.96 h to II, III and 
lV instar of A. albistriga while NPV alone recorded 
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LT,o(h) 

II instar I II i nslar IV instar 

99.12 103.68 120.96 

109.20 114'<XJ 131.12 

108.55 128.50 140.20 

120.42 130.05 144.55 

125.52 141.35 ISO.15 

121.0S 145.05 154.20 

125.m 140.11 ISO.(X) 

122.42 141.83 154.18 

132.45 154.21 163.51 

132.45, 154.21 and 163.51 h at Sth day post 
inoculation (Table 4). 

The success of the orighteners as UV 
protectants was due to good absorption in 
ultraviolet (UV Blue region, 2S0-31 0 11m) (Jaques. 
1(68) and conservation of visible I ighl (Villaumc, 
1(58). High pH ofUllm HRU inactivated the NPV 
rather than protection. According to Shapiro ( 1(92). 
pH or the NPV + brightener suspension oetween 
3.5 and 8.7 was safe to NPY. Increase of virulence 
of A. albisfriga N PV due to the addition of selected 
optical brighteners might be due to reduction in 
LT5o' Several orighteners are known to interfere with 
cellulose (hoh ('{ (1/ .• 1984) and chitin fibrillogenesis 
(Herth, 1(80). In insects, the peri trophic memorane 
lining the midgut is composed or chitin microfiorils. 
The peritrophic membrane serves as a oarrier for 
the invasion of microorganisms including insect 
viruses (Brandl et (I/., 1(78). Selected optical 
brighteners may inhibit or alter the chitinous 
peritrophic membrane creating gaps in the lining 
through which NPV could pass easily. Similarly, uric 
acid :.II1d urea affect the integrity of the peritrophic 
memorane, which causes quick mortality oy 
reducing the LT, . 

. >0 



III l'il'{) SCI-ceiling or optical brighteners as UV prolcctallh 

REFERENCEIN NATURES 

Brandt. C. R .. Adang, M. J. and Spence, K. D. 107g. The 
peritrophic membrane: ultrastructural analysis and 
function as a mechanical batTiel' to microbial infection 
in O,yga pseudotsllgaw. jourlJal or Invertebrate 
Pathology. 31: 12-24. 

David, B. V. and Kumaraswami, T. 10g2. Elements ()/ 

Ecollomic El1folllologv. Popular Book Depot, 
Madras. 536 pp. 

Gaugler. R. and Bousch. G. M. 1979. Laboratory tests 
on ultraviolet protectants of an entol11ogenous 
nematode. Ellvirol1mellfa/ Entolllology. 8: S 10-813. 

Hamm. J. J. and Shapiro, M. 1992. Infectivity of fall 
army worm (Lepidoptera: Noctuidae) nuclear 
polyhedrosis virus enhanced by fluorescent 
brightener. journal 0/ Economic Elltoll/ology. 85: 
2149-2152. 

Herth, \V. 1980. Calcoflour white and congo red inhibit 
chitin microfibril assembly in poteriochromon<ls: 
evidence for a gap between polymerization and 
microfibril formation. journal (~/Celllll((r Biology. 

3: 567-569. 

Ignoffo, C. M. and Batzer. O. F. 1971. 
Microencapsulation and ultra-violet protectants to 
increase sunlight stabililty of an insect virus. jOllJ'llal 

ofEcOIUJlIlic Entolllology, 64: 850-g53. 

Ignoffo, C. M. and Falcon, L. A. 1978. Formulation and 
application of micmbial insecticides. M iscellaneolls 
Publication (~l EJltolllological Society (d' Americ(f, 

10: 550-574. 

Itoh, T., 0' Neill. R. and Brown, Jr. R. M. 1984. 
Interference of cell wall regeneration of Boergesellia 
forbesii protoplasts by Tinopal LPW, a tluorescent 
brightening agent. Profop/(fSlIl({, 123: 174-183. 

Jaques, R. P. 1968. The inactivation of nuclear 
polyhedrosis virus of TridlOplusia Ili by gamma 
and ultraviolet radiation. Cw/(({/iall JOUr/wi (~r 
Microbiology, 14: 1161-1163. 

Jaques. R. P. 1971. Tests on prolectants for foliar deposits 
of a polyhedrosis virus. jourllal (~/Illvertebr{/le 
Pathology, 17: 9-16. 

Krieg, A. 1075. Photoprotcctioll against illactivatioll of 
Bacilllls l/Ilfrillgiellsi.l' spores oy ultraviolet rays. 
Jourllal (~r"!perrebr(f{(' Pm/wlog.\'. 25: 267-268.-

Martignoni, M. E. and Iwai, P. J. 11)85. Laboratory 
evaluation of new ultraviolet absorbers for 
protection of Douglas-fir tllssock moth 
(Lepidoptera: Lymantri illae) Baculovi rus. }ollnUlI 

(4Ec()l/()lIIic Ent(}mology, 78: 1)82-I)X7. 

Murali Baskaran. R. K .. VCllugopaL M. S. and 
Mahadcvan. N. R. 1(1)7. Optical brighteners as U V 
protectants ami their influelH.:e Oil the virulence of 
nuclear polyhelirosis virus of ."'·pot/ol'lel'(I lilliI'll 

(Fabricius) (Lepidoptera: Nm:luidae). JOllrnal of 
Bi%gicaIColI/ro/, 11: 17-22. 

Murali Baskaran. R. K .. Venugopal. M. S. and 
Mahadcvan. N. R. 199~. Ultraviolet protection of 
the Iluclear pnlyhedrosis virus or thl! groulldnut red 
hairy caterpillar. !llI/s(/cl(/ (//hislriga Wlk. 
(Lepidoptera: Arctiidac) Ihrllugll Cung!) red. }OI/I'IW/ 

o/,En/OIl/ologictlll?cl'earcli. 22(4): 143-347. 

Shapiro. M. 1089. Congo red as an ultraviolet proteclallt 
for the gypsy moth (Lepidoptera: Lylll<llltriidae) 
nuclear polyhedrosis virus . .Iorl/'l/al of' /:'('{)II(}lIIic 

Ento/l/ology, 82: :'i4g-:'i50. 

Shapiro, M. 1992. Use of optical brighteners as radiation 
protectanls for gypsy moth (Lepitioptl!ra: 
Lymantriidae) nuclear polyhedrosis virus . ./ollnllli 

o/' Ecol/omic Ento/l/ology. 85: 16X2- 1688. 

Shapiro, M .• lI1d Dougherty. E. M. 1994. Enhancement 
in activity of homologous viruses against the gypsy 
moth (Lepidoptera: Lymantriidae) by an optical 
brightener. jOllrllal (~/ EC(}//(JII/ic EII/olllology. 87: 

361-36:'i. 

Slifkin. M. and Cumbie, R. 1988. Congo red as a 
fluorochrome for the rapid detection of fungi. 
jOllrl/al (~rClini{'al Microbiology. 26: 827-~n(). 

Teetor, G. E. and Kramer, J. P. 1977. Effect of ultraviolet 
radiation on the microsporidian, Octosporc(/ 

I11l1sc{/elioll1esficae with reference to prOleetants 
provided by the host. Phorlllia regia. JOIln/al oj' 

II1I'erleiJrale Pathology. 30: 348-353. 

Villaume. F. G. 1958. Optical bleacllCS in soaps and 
detergents. joul'/lal (~/Al1Ieric(/n Oil (lml Chemicol 

Society, 35: 558-566. 

(Received: 10.11.2005; Revised: 28.03.2007; AcCel)ted: 08.04.20(7) 

173 


