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Leaf Spray Control Efficacy of the Entomopathogenic Nematode,
Steinernema carpocapsae Weiser, Supplemented with the Selected
Antidesiccant, Keltrol-F, on the Beet Armyworm,
Spodoptera exigua (Hiibner)
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Abstract - The field control efficacy of entomopathogenic nematode, Steinernema carpocapsae
Weiser, was evaluated on the beet armyworm, Spodoptera exigua (Hiibner). The insect pest has been
known to be a defoliator at the aerial part of the crop and difficult to be controlled effectively with most
commercial chemical insecticides due to its insecticide resistance. To overcome the susceptibility of the
nematodes to desiccation when they were applied by leaf spray in field condition, we screened several
commercial antidesiccants (alkyl glucoside, CMC, glycerol, Keltrol-F, Kunipia-G, and Laponite LXG)
optimal for survival of the nematodes. Keltrol-F (0.1%) was selected as a candidate supplement for field
application of the nematodes. Leaf spray of the nematodes at 5,000 infective juveniles/ml of distilled
water containing 0.1% Keltrol-F resulted in 87.7% control efficacy on the 3rd instar larvae of Sp. exigua.

Key Words - Entomopathogenic nematode, Steinernema carpocapsae, Spodoptera exigua, Antidesi-
ccant, Field application
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2] F3Zell 715 ¥WHE X1 3lv} (Kaya and Gaug-
ler, 1993). o] £o]] & & o) o| L% Sreinernema car-
pocapsae Weiser?] WAL Z1de] {30 7|F=
st Aol AWl MAshe FAYH F (Xenorha-
bdus nematophilus)S =32 7}z w&3pHA] A
2t o} (Akhurst, 1980; Park et al., 1999). W25 ANl
= 7159 AESE Fsled 48417 gbol]l 71FE F
A7) D S o) 24 ARe GFdos o
solol 4% 9 ANHEE 2T 209 AZol
g AW e 53 3% FEos WasRA
229 AAE WA e Aze 1F 23 e
MA13-& zHA o} (Kaya and Gaugler, 1993). &3] &
FHUAFLS dFe Wi A H 38 oo}
Hel vy B HEr T3t M E A aIE
ol ez odzlx lo}(Gaugler, 1981; Akhurst,
1990).

AAZ ZFEAAFE 4T #39 =X WA
H Aol HIZel oA HFAM A= Ut

(Klein, 1990; Choo et al., 1995; Peter et al., 1996). E-3]
F2 g uge R, Uy 323 Y WSS 43
o] &3}A o]t} (Kaya and Gaugler, 1993; Broadbent et
al., 1995; Han et al., 1996).

TFHAANZY AEA w2 o8 74x] A}
Hell= Bty AEA A &4 wjFoll ofg] A
ZoA 2R AF7|de 2 7R FAAE 7Rz
Ut o] 59 whA|Hol| d3t F=ax AldLe 3H
el #3Fo] Z=(Kamionek et al., 1974), 112 (Moly-
neux, 1986) 2 z}2] Al (Gaugler and Boush, 1978) 5-2]
ofe] Be]q Z7el W3 & FrpAdolt) o] & A
3t7] Y8 oeFdt 79 AA sk} HRAAZE Auts
o} (Glazer et al., 1992; Grewal, 1998).

s} (Spodoptera exigua (Hiibner))-2 t}heksh uk
Fgol et 7R AP B AgrE F
2 7}s) 3t (Ahn et al., 1991). S}l A= 1980
g ol % A AL 3] meh o T =)
7kt qlem djREe] spshadEAlel] ois)] A
€ 3o ¥Ale 2 o ge] U (Kim er al., 1997;
Kim and Kim, 1997).
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2 dFelME TEFHLAZTY AR el A
a3 vHAlE 8 FuelA AlgE 9le WA
FFE 7FH St carpocapsae®] QFE AP 7
g AT, o) F o]43 oF9] W AETE F3
spifviatel] oj gk WAl &g 7Sk

Mz 3 HhY

1. ZEYHAMSE

AR BT 3P IS HE Bope
ZEW A2 (St. carpocapsae) & Ty} 5328
FA7IF2 gted AYeA R FAANRH. 243
e £33 AYd AMHEE W7bA] 15°Col 2
A o} (Park et al., 1998).

2 AE 25

S (Sp. exiguayE 19944 FFA AT
(Allium fistulosum LY A A3 T Ao Q2
A& (Gho ef al., 1990)2 ] A}S-8lsich. ARS8 sfo
78] 21L& &% 25+1°C, 337] 16:8h (L:D)o]2]
o A ZFe Helz 10%2] AeEg A=A 37
shie.

3 WjzixN|e] Mt

| ] # (55 x 10mm: A& X Fo])el| 3 7] o
A (55 mm, Whatman #5)2 72717, 500=}2] 2] ZrE)
$20 EolRE 0Sml Foe ¥Fesct o) 4%
gaole 249 BH) wet 4z ohe BF mr
Mz G2 FE WA (Table 1)7} £Z= T ¥
23 47]= F7e] 98 sl AR 2% 25+1°C,
FE 60~70%2] 274 2 =FAA Az A9 £
S5mle] 3x} Z2H48 Y31 15+1°Col 24A]17 .33l
ol AZFo] QEEE 2AIGAY. 4 AHEle 3q9kE
3ldct.

4 g H4x HE s WH(ZE 4E)
7} 22 QOx20cm: AgEeDel AAR 159 o
3 (Arachis hypogaea 1.) (15X 15 cm: 2BZ- X 23|

Table 1. Chemicals tested for antidesiccation activity to entomopathogenic nematode, Steinernema carpocapsae

Commercial name Main ingredients (A.l.) Supplier
Alkyl glucoside alkyl glucoside (50%) Pacific Chem., Suwon, Korea
CMC sodium carboxy methyl cellulose (99%) Konnel-BosKorea, Seoul, Korea
Glycerol glycerol (99.9%) Sigma Chem., St. Louis, USA
Laponite LXG aluminium magnesium silicate (98%) Junghan Pharm., Seoul, Korea
Keltrol-F xanthan gum (99%) Samkuang Chem., Seoul, Korea
Kunipia-G bentonite (99%) Doorae Co., Seoul, Korea
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bl 3338 soutely AFslx 2441 § 74
= A AFE BT HEA BFA S
o} 7+ 2EEX 7]1FAAB0X30%x90 cm: 7FE XA 2
xgolol Yoix 7t TEZE 1] FAHAH.
A2 He == 1mlg 0,250, 500, 1,000, 5,000
e mtejeg 15mY 7 B A 5789
g WA= AEE Keltrol-F& 0.1% 5417 A}
Saigch Hele 9 158 A9 E 24 =9 3
uhE-A A sheler WAl &S obolrny] $13 A2
shihvpbe] Al AR XA (GF 2 F 24
Azha A Al F 489 72417k Zp2} AbelSlE
gyhtd 38 A 2AEE v @k

5 FHAE aidz 2N (ZE AH)

jlrii 270453 ASE BT AN 2 A
g3 o FAYTF 47 9749 HEAE Y=z A
ubstee}. w7 ZH2Ale] 80vle]e] shihdl 3
HEe AFsAc shihb $39 o]5S 4]
3 2 AdTE R B8 ARG HES F 48
A 7rol Awtg o ZF AF 2EA AAE shibviat
< ApzAbsle A deg ddd 4 A9 2AE
AE 2754 1ml% 5000 Z2ge] AFvieisd 5=
2 15ml¥ AzFHAEd LY 0.1%2]
Keltrol-F7} 3¢5 oot 2312l 0.1%2) Keltrol-F
7} G498 2R4E 15miy 27 Az sich Hel ¥
4892 ATl ASE @ 2 AYFIA HEAA)
Az TPRbEE 44 2k ANE UsE
2gieh.

6. 84 =4

TS 59 wmsbr] $13 AbtEd 3
& =4 BAL arsine transformationdt ¥ SAS (SAS
Institute, 1988)¢] PROC GLM& o] &-3}e] RAlz}
Tukeyl 7t Bl E AASHEH.

7 a

1. LWZid] Mdl

T2 UAAS] oF9] AXE §3 LFHE AR
A A B2 8 AdestEl AlEFA
WAAA7E AEE g Aol ol8y whHe g
Az =A(25°C, 60~70% AN 4=, 2A)1 7 xZ&) 39|
A WA FFel wet A AF4E vwEkd
ok & 6%29 WAAE FAE e vlasts] o (Fig.
1. FA 879 A% elgjd Az =AM 60% vt
9] M&2AQE8S w9} 12} Keltrol-Fo} Laponite
LXG7} 80% o]Are] AEFS He T2uYUM2 o
= ol vis) Held WA &3S R{EYs g
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Fig. 1. Effect of various antidessicants on the survival of
Steinernema carpocapsae on filter paper in the condition of
25°C and 60~70% RH for 2h. Abbreviations of commercial
antidesiccant names (see Table 1): C = control of distilled
water, KF = Keltrol-F, LLXG = Laponite LXG, KG = Kuni-
pia-G, G = glycerol, and AG = Alkyl glucoside. Vertical
error bars represent standard deviations. Means denoted by
the same letters above the error bars are not significantly
different at a =0.05.

el 1212 AE S}
D}—"—" Akl 2% WAAESY s=d T34
Zol gt WAEAr) v a=E et (Fig. 2). F WA
Xil 25 WA s=rt Febilel wet WAaAs}
=715 B9 o} Laponite LXG2) 7% 0.5% ©]4
ME 238 AN F Faldde] =gt
o) Keltrol-F&] AL =Ad Fo) =9 0.1% 2
05% Z5olA Z) W2 &4E Holr TFHAA
ol A FE bl o] 449 A= Laponite
LXGS] #A% v¥]= 0005%2: 3L 2= Kel-
trol-Fo] Hejzzlel fARE &£d4E JEUAT 55
o] zjolol whet &2} BhAI T B3] oA
T2 PR FAYG D At aEe &3
24 Axo| ¥}t A3 e Keltrol-FE W7 A)]
75 2438 MY & AEES HYEY F 5
£%F B 9L 2w 01%E Axrra A4

o}.

2 HHAE 55 FEH(ZE AF)

A" WA FFe} =T o83 LS
98 %%‘—%%de%—" #& =& xE Aoz 4
A =t =0 *MZJ 2F AEA T34

AA2e A2jar] A AW bl A%2e 227
80m}e} A AEspRort olF 50% wlRre] 24417 F
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Fig 2. Effect of different concentrations of two antidessi-
cants on the survival of Steinernema carpocapsae in the
condition of 25°C and 60~70% RH. Vertical error bars
represent standard deviations. Means denoted by the same
letters above the error bars are not significantly different at
a=0.05. '

o 71F AEA ) AFstT AN o] B=E XA
Ure By v RN A F AEES
ZAF8kd ot (Fig. 3).

AYH FE2HPAANZY Yxr}t 213l uel st
L}_BJ.Q,] A}.n(]—%-o] lﬁ-o]-/;a\ﬂ- (F=109.88; df =4, 20; P=
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Fig 3. Control effect of different infective juvenile (1J)
concentrations of Steinernema carpocapsae on the third
instar larvae of Spodoptera exigua. Survival of the larvae of
Sp. exigua was measured at 48 and 72h after nematode
application on peanut canopy by counting total live larvae
per experimental unit. Vertical error bars represent standard
deviations. Means denoted by the same letters above or
below the error bars are not significantly different at o =
0.05.

0.0001). o213 AHg F7he A2 F 48X2% 72
AlZHE vlaste) & o 1,00002]/mle] g A
8 =g Astz o7t A= (F=1.10; df=4,
20; P=0.3831). 2AH A2 Fx=9 12l 50007}
2/mle] F=ol A oF 85% o|ite] Iih it APtEE
7153t o] F=E A Sl Fhtel
g LA dxera A =HdH

3 HUAE WM M (ER AE)
TEAPN 9} BRI 23U AN Hs
7] Ao HFEAel s 353 ¢ A9 4F
sholem A2 Aol Al 7 AYTel 53}
2 9l bl §348 Ao AW Usw A2
391} (Table 2). o] AW LEE Ael7e FH

Table 2. Control efficacy of Steinernema carpocapsae sup-plemented with an antidesiccant, 0.1% Keltrol-F, on the third
instar larvae of Spodoptera exigua infested on Arachis hypogaea in field condition

Nematode Number of insects/plant Survival rate (%)' Control efficacy (%)
concentration
(number/ml) At introduction  Just before spray 48 h 72h 48 h 72h
0 80 0.1+55 779+7.1 68.2+7.8 - -
5,000 80 76+2.1 133+44 84469 829 87.7

I Survival of the larvae of Sp. exigua was measured at 48 and 72 h after nematode application on peanut canopy by counting total live

larvae per experimental unit.
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F7 ) ZFol7) QA (F=1.66;df=1, 16; P=0.2158).
z2yd2e 2 ARPE 50000k/mle) FER
Az E W FHe) 7} Aol oF 70~80%) ¥
AL deblont A7) Huhjulel 43 E
dek 10% pEoz Ao Eosl Feddch(F=
30.99; df =1, 48; P=0.0001). 218} A& Fol gjoiA]
A2 F 4BALT 2N Aelels A Aol7h
g9} (F=145;df =1, 16; P=0.2405). o]& 3 +34
QA2 Huhduel] gt A 0 £ Ao
& W A2} ¥ A& A1Eo= oF 87.7%9] A
718 erisie

tfo rlo

L

B AdFdME FIT AEH YA AARA FE
Wy gl EEW M Z (St carpocapsae)$] ok
A ZEFHE 28l ok9] AZA Azl 3 AF
e AAE7] $18] ol E wWdAdSd Ags W
ZAAE Agstgdet olF Add HAAE o] 43}
AR ofs] Ao M43l PHALE] TE AR
32l Fhgelol] w3t viA] &AE ot} Bkt

A8-3t5e] SlE 6% WAAE 7Fed WA F
¥ A¥ (Fig. D& =¥ &AAAY (Fig. 2)& 53
0.1%2] Keltrol-F7} A= g]v}. Glazer 5 (1992)-2
St. carpocapsaeel] W& X3 JAAE £ A7
=8 v o= paraffin wax B2 A% Folicote
(Asis -Riesel, Ramat Gan, Israel) & A3l 159
Ao A& o] FolicoteE o] 8-3}51& o Hd 72%9]
AZYEEE Bl v, B A7 A3 Mg F=2
A2 o] Fe{3] Keltrol-F= oF 80% o|Ake] A3
AEES B WAA S &M Kelrol-F7} A2
HAA &g vehict oj2g WAl Ee] AF A
E2EE 5o F 4L olulx o] E HIGEL
3 A3o Axe] HF AA AFAAE ¥ FH7]
Hoes o & 38 Eo ReAH 2 2
A AAle] 7leddva Al Ey

olgigt Azl Wi TFHWUAUNFTY HUpAE RF
HE Yxz WA AR 7E o7 AN
X A= 9jc} (Webster and Bronskill, 1968; MacVean
et al., 1982). WA A Aele) = Glazer and Navon
(1990)2 T3 AAE A8 Ad7E Az s
Al Welg gohlly, ol Edjz {§3A AW
= AAslge. 1 H o7 AR St carpocapsae #)
ol WAAME o] &3led AR & F<l vl
(Heliothis armigera) % YA &3& ¥4 4 U4
t} (Glazer and Navon, 1990).

Ak"l WAAE o] 83t St carpocapsae?] oF$
AR S 2 vkA 248 AAT) s8] 2HEAe] o

oL o
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g guatxrt AR ET Ade] o8-8 2HEA] 7]
= wF (Arachis hypogaea L) 2.2 A}, BT
ARl o) f= Fhdeke] F9 7|FEF shield
(Gho er al., 1991), d FERA|Goll M= @2 i
o] A FEe] Fgo M BT &S ZA3
71 dFeld (A4, P EAR). £ OE olf=
Z9. 7159 st (Allium fistulosum L)Y A48 A
dutr oz shihjule] slA&L o7 SolvkA rlEig
o2 Uzl o5 go] glovt FFTE AT A
£ gdHol MA 3t St gez oEd AE FEF
F dve AL JAA "o

2 E A{elA (Fig. 3) =3 AdFY Hed=r}
ol wel AEHo] Folxld ol AAHo=z
AE Ax F gG3o ARHH AR A 25
7} vl 3le] A o] wobxl A& 9Jv]ghH. Han e
al.(1999)2 Fuhatell &t Sr. carpocapsae®} At
Hg AR HAHM AAH ez & (a2l M3
o] &9 Al B & W= XALE do
£ S FAsG. B dFAdME AAlz 7)F
speh kg #f3sled 1v)2]e] St carpocapsaed F-9)
g o 7[F7t A AE 4 5 9T GleF,
ot galg). ol2ld A gd Alzd A2 =
o} AFA el FA A ] vl FHE S 9SS 9y
o 2 A3 AYE ARl =F 7P 22 HEggd
Azl Imlg 5000mt8]8] MEswrt 74 &3]
+& vepdoh £ d79 Y3 vx 3 Aejubie
2 3717 o AAFR UR]E T30 da) AAE o
FollA & AFUA dxr T30 G £ S
£ A AW} (Glazer er al., 1992), o] = o]& Lo 3]
A WA Fe 715l o2 YUY oo 7)al
d Zloltt. 3], & dFoIME T3 A3go] ¥
AZFAE F Hzx 2AA7)Q] 484171k = vehgg-
€ B9} o] YulH o g o] MFo] THA 9 HE
F 48Rt ol 71FE HARR| Ak A= A
Aol 7] %} (Kaya and Gaugler, 1993; Han et al.,
1996)31 & 4= QI = o] 48AI1ZF 9] AtEg Ay
S 247k ol Az Apele] #Holrb ggke ejule
W3 A2 F BTl AFPD B Aol vl
q e AE AZASE vl

ohsl 4 ALEAH (Table 22 ¥ AFAANA A
R WA ZEAR ATl fE AZUCE o g
ated AABIAEY AR &lF sl daA
87.7%9] ¥ WA|I7}E B9t} o] A Glazer et
al. (1992)0] AA QA Sp. littoralisel] 3+ QF+2A3}
B6%)st ol FAEA elict ol 5 @7z
FuAAE 233 25 dAEe dudzs 53
A4 w50 w4 7sA S 93] Al AEka Qo
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