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Enhanced Effectiveness of Spodoptera litura Nucleopolyhedrovirus with
Organic Acids and Functional Matters

Seon-Gon Kim*, Jong-Dae Park, Do-lk Kim, Jing-Young Park' and Hyeong-Gug Choi

Div. of Plant Environ. Res., Jeonnam Agricultural Research and Extention Services, Naju 520-715, Republic of Korea
'Sinan Agricultural Technology Center, Mokpo 530-380, Republic of Korea

ABSTRACT : This experiment was conducted to improve activity of Spodoptera litura Nucleopoly-
hedrovirus (SINPV) combined with organic and functional matters. In combination of SINPV mixed
with organic matters, LT, values of SINPV 1.0 X 10° PIBs/ml combined with boric acid of 2,000 ppm
were 4.5 days. It was 1.5 days shorter than SINPV 1.0 X 10° PIBs/ml alone. The body weight of larva
infected with SINPV 1.0 x 10° PIBs/ml combined with boric acid of 2,000 ppm was not increased, and
S. litura was completely dead in 7 days after treatment. It suggested that addition of boric acid in
SINPV application enhanced the pathogenicity against S. litura larvae. In laboratory experiment of
combination of SINPV with functional matters, LT, values of SINPV 1.0 x 10° PIBs/ml alone were
7.3 days, but those of SINPV 1.0 x 10* PIBs/ml with electrolyzed oxidizing water, pyroligneous liquor
or kitosan were 10.4, 9.3 and 11.2 days, respectively. Functional matter could be suppressed the
insecticidal activity of SINPV

KEY WORDS : Tabacco cutworm, Spodoptera litura, Nucleopolyhedrovirus, Organic acids,
Enhanced Effectiveness

E B :shiAde dezblol ASINPY)S A2 27k A5k 714 @ Al
FAE bl XS AAT Ao o2 2o FopdAgelel gl 2(NPV) 1 x 10° PIBs/mio]
ascorbic acid, succinic acid, sulfanilic acid 2,000 ppmg ®}o]2] A 1 X 10° PIBs/mle]] #Hr}sled2wf 7zt
7} 7.09,7.39, 10792 vlo]g A BEo 2 g 6090t o A4 vepd o} boric acid 2,000
ppmS AH7}E A$ LTS 45924 d5A2{Re 1.59 Bt £5 AFHs}el A= boric acid
= 2,000 ppmellA] 7LR o] F AESR= AL glo] FH &IV £ o= vehgon] 1,000
ppm3} 500 ppme| M = A F-o] F7Fe}A] ¢lo} mielei A &4 FAE A 4A71E EARZ AAHY
754 BAH &8 XM= vlelaia 1.0x 10*PIBs/ml % M3 LTso] 7.4 0] He= ub
o AN eV sl e zbA yutele et A AkEke, Tl EAL B2 EjkA el 2R A7) 71l
ZolA EFEAN) ATk DAY dokzbAutelel s = 1.0 x 10° 10° PIBs/mlg} 7]%
A EAS E3elg s dx e Asko s ¢3]8 vielga WA JA &Iy} JYehyd)

ZAH0] @ A E, e etele) &, $714%, SAE
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HI7HA] 92 35t sz e A e
(Spodoptera litura) %= 333 WlA|7}F 2 o|F-31 9
o} o4 %34 © 2 (Kim and Shin, 1987) vk4] 7} o
HY AulztEe] £ HE & ¥ ohE AAs
Z9 &3, dFol} A B W3t A - kA< 5
o} AFAdoz <3t el ¢ A I 59
Az BAE oF7] A7]a Sl o) & A %
ks R A WS A5 =4t 3}et
A WAlE B9 = dAEhe adogM sEE5g
#E AAE 3 A7) S I Sl E T
gael AF volsia AR WAEE 52 olg
& o3 AR AT 2 vEE T3 Yk ol
A E% wlolelat AFEE) A Folgel ¥
olOliver, 1964), 5o} a3 Walol w2
SloiA] oln] W3 ANFNAE AFA} FEHE 1
21K Kursiak, 1982).

TZulelB A o] 48 AEA HMAA|E Ignoffo
(1973)7} Heliothis zea W}A1 S $)8] 2]& vlola)A Ar
ZA| Elcarg AE313 o] F Mz¢ WAAZ 955
32 ik ey oA g utol ] A(nucleopolyhedro-
virus)E B FRIe] Aol ot FAI B@As)
(McLeod et al., 1977) 57| @&l AH3E AWM &
Podez voldag I + A= B
Aol Besjeh Azd sholea s BN
3353 Wl Al (fluorescent brightner): LCsy2 Lymantria

dispar multiple-embedded nuclear polyhedrosis virus
(LAMNPV) 214w}, Aurographa californica multiple-
embedded nuclear polyhedrosis virus (AcMNPV) 41v]
g 273 vtolel g e AEDEE P
tH(Doughrty et al., 1996). &ujrtyl vlo)a] Ao
0.5% Ranipal, 0.2% indigo, 1% urea, 0.5% Jaggery,
0.5% sucrose, 3% egg white, 1% chickpea 7}% 3717}
F5o AFEE FVMITIR LT Hloleis ©=
2| rel A A ZHSonalka et al., 1998), =&
Choristoneura occidentaliso| X 1%2] 33}z ulA)| 7}
Choristoneura fumiferana nucleopolyhedrovirus
(CIMNPV) ¢} EEUE = LD50¢] ZA| ZHaE e
ARAA 5(2.5-3.50), ZAAZ(7.6-119H)2] nlolz)x
Aol ZA=Hr(Li and Otvos, 1999), CIMNPV +
Blankophor (RKH, BBH. P167, HRS), Tinopal (LPW)
1% F=ME 1.76-13.14] ujeleis &Ae] F7}3}
I AFel 27HE A2 30-72% 2T 3
©HLi and Otvos, 1999).
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ey A7 gl AArG SgzA e
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Weted, 27] AFEE FAATI IR f71AEH 7154
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WA &2 AAs) A3t $stdet
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EU P LMETEY

ol AM 2 AN f5& Sl Imer
al. (1988)2} JFAR =4 AR F 73T 2498
FuellA 244 T & & e T 2 g
of ARSIt WH71E $Asld fAA 2 B A
ZEGF}E 50, A2 30, ol 30cm)e] Wi $3} A7
on AR Bk 10% ABE-S FEsle] AltE
=T 9318 AdFe] AllEE BE FAAE
it @A welle] AFAIR(5E0.2g) Holl HHE
AEsle] FekaE £7]20x 12X 12 cm)WellA] 23
742 AFS-EL9 e 33 R E] = cannibalisme 917 $)3}
of A AFEE7]1(4 x4 x3cm)el 192 Y11 4-59
Aoz QAFAEr) viEdw wAsEA WY E H
=3l 32 I 7] A3l 1049 o) o
AR AN AE wild typest e XA Fo| BHE §
Astglom, AFg2H L 2% 2542°C, RH 65%, 3=
7] 16L:8Do}gl}.

Hck2isotolaia E4

el AN el Szt Eately A B 7E}y)
=4 SHAER Y S5y ATdeM B
F ol TS ¥A o2 QFAIE(GE02g) =
el 500 ule] vlo]HAE AH7d F 1AL AR &
ZAAA A AHEE71(4x4x3cm)el]l P31 43 {3
o] k3] A & F ARSsiEAM HE 43S
F&3lodct. Imer al. (1989)9] ¥iel] we} 83t o]
WZol 10(v/iw)e] 0.01% SDS &8 7}slo] vl
g F o]F A== «zEtar 1,000rpme 2 5E YA
23l §3¢ ANA7E A AT F 2-33) 3,000rpm
2] A& AR} 40-65% A® AETul HA
(25,000 rpm, 60 min.)© 2. t}HA 2 43127 n8lo|y]
2 257} 1.0x 10°PIBs/ml HE= 2A)3te] o) n}o)
2 golS —20°C v Fare] BASPHA ARE-39AE
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HoiztH| Heto|2{ A9t 74 Ete Rt

APARE 30ml S FAol Y T zepa
g A FF(5£02g)3te] 4°C YA o] A AL
ssich AT E 2ok F 7UA 53 A8
om wlelgA Exi 1.0x10° PIBs/mle ALsksd
o}, §-7]AF-2 ascorbic acid, succinic acid, sulfanilic
sgolgen, FEt
Z+2} 500 ppm, 1,000 ppm, 2,000 ppm, 4,000 ppm ©.2.
vlolg A9} &3t Arxslelw, §7)4F 2,000 ppm+u}
olg]A 1.0x 10°PIBs/ml —1e)x =xjele} w)mshs
o ez e 25°ColA 7 A AgshEa A
&8 2T AD 105k sk 33 AN}
olch. 7o) Ao Abbotrlez A2EE WA
Finney (1971)2] probit¥A®el| 2]sled LT;p& AMSE
s,

acid, boric acid, fumalic acid 5

sicizta|Huto| A9 JlSMEH &8 &1

dubg oz W F -goz AEHT U A3

AL, 71 2AE, Bz 7F 100u]ef whelgd A8 1.0X
104, 10°, 108 PIBs/ml =2 Eatsle] A7|8 §7)4k
2% 59 A9 2 wpgos Ssch

Tl A e oA g ete|g A ALE 49
AHe Azadrt vepta 5] =gAH F7)
AA7NA A BEE ALSEE AZ F vlo]gjag]
& AEHAFE Aol Faste) aeps gl AM |
v ek yalely A0 S §-A)5k 3 PR3}t
AR 4 Qe HAVEAS Aty {8t oA
wnlelglA 22 1.0x10°PIBs/mlz 33 & 7}#]
47)AH 500, 1,000, 2,000, 4,000 ppme] =& z}7t
X&) ste] LTso3 LTosE 8 Z3K(Table 1) Ful AA]
o)l sichzbAyulela] A 1 x 10° PIBs/mlel] ascor-

bic acid, succinic acid, sulfanilic acid 2,000 ppm2& A7}

Table 1. Values of lethal time of S. litura larva treated with various organic acids and SINPV

Treatment LTs, (95%CL) LTy (95%CL)
NPV 1.0 x 10° PIBs/ml 6.0(5.1-6.9) 12.2(10.1-17.1)
NPV 1.0 x 10° PIBs/ml+ AA"4,000 ppm 7.9(3.0-8.4) 20.1(15.7-30.3)
» +AA 2,000 ppm 7.0(3.2-7.9) 20.2(16.0-29.3)
» +AA 1,000 ppm 8.1(7.3-8.9) 19.4(15.8-26.9)
» +AA 500ppm 16.7(13.1-29.2) 62.8(33.8-298.7)
AA 2,000 ppm alone ND? ND
NPV 1.0 % 10° PIBs/ml+ SuA?4,000 ppm 7.3(6.2-8.4) 18.0(14.7-22.9)
» +SuA 2,000 ppm 7.3(6.6-8.1) 18.2(15.0-24.8)
» +SuA 1,000 ppm 8.8(7.8-10.1) 26.7(19.9-44.4)
» +SuA 500 ppm 12.2(11.0-14.4) 28.8(21.9-44.8)
SuA 2,000 ppm alone ND ND
NPV 1.0 X 10° PIBs/ml+ SulA4,000 ppm 12.8(10.4-15.2) 36.8(25.1-48.3)
» +SulA 2,000 ppm 10.7(9.3-13.0) 34.7(24.0-70.5)
#» +SulA 1,000 ppm 7.6(6.7-8.7) 26.4(20.0-41.8)
» +SulA 500 ppm 11.0(9.7-12.9) 32.6(23.7-58.1)
SulA 2,000 ppm alone ND ND
NPV 1.0 % 10° PIBs/ml-+BA*4,000 ppm 4.6(3.9-5.1) 6.5(5.9-8.4)
» +BA 2,000 ppm 4.5(4.1-4.8) 6.8(6.1-8.1)
» +BA 1,000 ppm 6.7(6.1-7.4) 14.2(11.9-19.0)

» +BA 500 ppm
BA 4,000 ppm alone
BA 2,000 ppm alone
BA 1,000 ppm alone
BA 500 ppm alone

11.3(10.0-13.5)

13.5(11.2-19.8)

13.4(11.4-18.3)

14.9(12.0-24.4)
ND

28.9(21.2-51.8)

33.4(24.8-53.6)

32.3(21.6-49.7)

42.6(25.5-159.8)
ND

NPV 1.0 x 10° PIBs/ml+FA¥4,000 ppm
» +FA 2,000 ppm
» +FA 1,000 ppm
» +FA 500 ppm
FA 2,000 ppm alone

9.4(8.4-10.6)

8.6(7.9-9.3)
10.0(9.16-11.3)
11.9(10.7-14.5)

18.6(12.8-20.1)
15.0(13.0-19.0)
19.3(6.0-28.5)
22.9(17.5-40.7)
ND ND

YAscorbic acid ?Succinic acid Sulfanilic acid *'Boric acid “Fumalic acid “ND : Not Dead
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“ NPV 1 x 10"+ Ascorbic acid 2,000 ppm

B 141 NPV 1 x 10"+ Ascorbic acid 1,000 ppm
- 12 § © NPV 1 x 10°+ Ascorbic acid 500 ppm
2 = Ascorbic acid 2,000 ppm alone
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Fig. 1. Changes of body weight of Spodoprerad litura larva mixed
with ascorbic acid and SINPV on artificial diet.

4 NPV 1 x 10°+ Succinic acid 2,000 ppm
14 Ha«NPV 1 x 10°+ Succinic acid 1.000 ppm
12 | * NPV 1x10%+ Succinic acid 500 ppm S
& Succinic acid 2.000 ppm alone
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Fig. 2. Changes of body weight of Spodoptera litura larva mixed
with succinic acid and SINPV on artificial diet.

16
= - NPV 1 X 10° + Sulfanilic acid 2,000 ppm
2 14 {— NPV 1 10° Sulfanilic acid 1,000 ppm
- 12§ ¢ NPV 1 x 10°—Sulfanilic acid 500 ppm
2 10 # Sulfanilic acid 2,000 ppm alone
2 ~ NPV 1 x 10° only
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=
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Fig. 3. Changes of body weight of Spodoptera litura larva mixed
with sulfanilic acid and SINPV on artificial diet.

e W 22 7.09, 734, 10742 gl AM =}
v gzt ety Ag g5 o2 A 6.09EH
o] =4 el oy} boric acid 2,000 ppme #7138 A
$ LT502 459, LTos= 6892 Hell AM = &
chzbA s utelg A8 95 XEst Ao o =
gl boric acid 7R THE AMERE w2 Hul A A A
vl aigzswutely A ©E Aelrois A7k
o] AA vehgeh weld AA T {74k boric acid
2,000 ppmel| A LTsp2 LTos A7} 743 &A veht &

ol

43(1), March 2004

<~ NPV | X 10°4 Boric acid 2,000 ppm
14 |+« NPV I x 10°+Boric acid 1,000 ppm
12 1¢ NPV Ix 10° + Boric acid 500 ppm
-* Boric acid 2,000 ppm alone

10 |+ NPV 1% 10% only
- Untreated

Weight (Thousands mg)

0 1 2 3 4 5 6 7 8 9 10 11 12

Days after treatment

Fig. 4. Changes of body weight of Spodoptera litura larva mixed
with boric acid and SINPV on artificial diet.

+ NPV | X 10°+Fumalic acid 2.000 ppm
14 J|>= NPV 1 x 10°+Fumalic acid 1,000 ppm
12 | * NPV 1x 10°+Fumalic acid 500 ppm
-# Fumalic acid 2,000 ppm alone

10 | NPV 1 10° only

-+ Untreated

Weight (Thousands mg)

Days after treatment

Fig. 5. Changes of body weight of Spodoptera litura larva mixed
with Fumalic acid and SINPV on artificial diet.

It e Aoz gAY ol g AAM nvte
vl ol &pe]A A=A Q) boric acid (BA, 0.1%) 9} ®}o]
B Azl =2 §3 A2EES W o) (Kulkarni ef
al., 1999), 25% boric acid =% tannic acid®] H7p=
ulolaf of] 7 e AM wjpke] AMS-E-E FTHA
Zlth= B 3(Dougherty et al., 1996)2} YU =]sldt}

+Z9 AFH3I=E B ascorbic acid 2,000%
1,000 ppm 3} vhole & Egbx o A= 129 A 7HA] A
2271 Zo] A or} 500 ppm A} HE3E
ANME violel s e ]9} vl&stA AFF7E Fol
wolch(Fig. 1). Succinic acid . ascorbic acide} w}E7}
A2 2,000, 1,000 ppm} vele A EgrA oA {3
o) A% Z71%o] Ao 500ppm EFA el =
2o Al 2712 w9 oiFig. 2). sulfanilic acid® v}
oJelash ERAYAA AFEFrHEe) dEA e neke
o} x) =} ascorbic acid®} succinic acidRet AA] &
7} wlwl gk eh(Fig. 3).

24 A = 2R boric acid 2,000 ppmI} 7
wAA R S el ag Ease) AR
AS 794 o)F AEII= AN A M 2L F
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Table 2. Values of lethal time of S. litura® larva treated with
SINPV and functional materials on artificial diet

Tretment LTs4 (95% CL) LTy (95% CL)
NPV 1.0 x 10* PIBs/ml
+EO water” 10.4(9.8-11.0) 20.0(17.8-23.4)
+Kitosan” 9.3(8.7-9.9) 20.9(18.3-25.2)
+PLY 11.2(9.1-13.5) 20.2(18.6-23.1)
alone 7.4(5.6-9.5) 17.7(12.5-28.3)
NPV 1.0 x 10° PIBs/ml
+EO water 7.7(7.4-9.3) 13.0(12.0-14.4)
+ Kitosan 8.7(8.2-9.8) 19.4(17.1-23.0)
+PL 9.0(7.2-10.0) 19.6(17.4-23.4)
alone 5.8(4.2-7.3) 12.5(11.7-20.4)
NPV 1.0 x 10% PIBs/ml
+EO water 7.5(7.1-7.9) 12.7(11.7-14.1)
+Kitosan 8.7(8.2-9.3) 19.4(17.1-23.1)
+PL 9.0(8.4-10.4) 18.9(16.6-22.6)
alone 5.9(4.2-7.5) 11.2(8.6-18.5)

" 2nd instar larva; ? electrolyzed oxidizing water;
¥ Kitosan(Biotech co.) 1,000dilution;
¥ Pyroligneous liquor 1,000 dilution

< ez vepder, 1,000 ppm 500 ppm E3tel A
= AFol FUFEA ot i AA R A
vlelg & XS ALHAI7|E B2 SdE ¢l okFig.
4). Fumalic acid= 25 Hg)olA] §-29] Z7]1Z 0] H
A|(Fig. 5) A7HA| = °]%U]-7]—‘= o2-g 7Zlo= Al
v}, Shapiro and Bell (1982)2 ZAA|H} f-20]|A] NPV
2} 8 m7Aka} E3HAF oA boric acid 0.13} 0.25%
olA= NPV 2R & 77} Jgdot 0.5%= 24, 1.0%
1ufe] FA&I7}E Qlolem, LT = £%ck 313
o}. =38 virus+ 1% boric acid® 243 o=z
A3 ete] S50l A Spodoprera frugiperda -2l
AR W viusTE A ¢ Ruc 4320 4
3] 27 ot sk oM Cisneros et al., 2002). ] AFe]
Astz wel TAlA wulAMEIPY dckzAget
olg A2 AL 9 A)F]7] 2)8A] boric acid®} 7+
& naAE Akl ARsE o volels Ux
o2 A e Avdhe AdE 243 )
A7 e A2 > e Ao kel

Jlsd 23 Etloll ofst HAH HEY

dut Bt A Qo] 7y kAol el A}-4-3)
I 9l AbA A4 (Lee er al., 2000) 5 7]5A 22T
oA gulele| 2] EJEAE HAAIT) )5}t

2ot %79 F AR 36 S AA el
Dk R C IS R N R E R
NEAL B2NE EYS ABAR el A

¥ LTso 9 LTy 3h& AP EH(Table 2). Ful A A
ol ok wutelgl A 1.0 X 10* PIBs/ml ©H=
A& LTs gkel 7.374<1 ¥k A#Alsls, 7)1 24N
2zl 7hzt 929, 11.24, 73792 A&7 7ke] Zo]
Aok g AA eV FebzbA gelelg) A 10° PIBs/
mlol| A= Z4zF 7.744, 8.724, 8.99¢, 10° PIBs/mlel]
M 7529, 8.734, 9.034 = 1.0 x 10*10% PIBs/ml7}
A e Aoz o|=dt HrEA o] T AAuPY
o] AZgauchs gl AA R ol ale]
298] WJYAE Al Aoz el ojAke] A
Az ol 7FAHEAR ezl A Atk 71EAL
Exd 5 SINPVS} 53 AxF 317 o= 7o) &

==

9 Aoz B
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