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Abstract

Effects of soil texture, temperature, water content, and pH on insecticidal activity of the entomopathogenic nematode,
Steinernema abbasi, were investigated in the laboratory. The larval mortality of the greater wax moth, Galleria mellonella, caused by
inoculation of the infective juveniles (IUs) within 32 days was adopted as the criterion for evaluating the insecticidal activity of the
nematode. Sand and sandy loam were optimal for S. abbasi to exhibit insecticidal activity, while in loam and clay, the nematode was
less insecticidal as the time prolonged. Steinernema abbasi remained virulent when incubated at 20 and 250C for 32 days; whereas
the nematode was less virulent when incubated at 15, 30, or 350C. Steinernema abbasi was highly insecticidal when incubated in
the soil with 4-16% water contents for 16 days, although the larval mortalities were lowered slightly only if incubated for 32 days.
However, the larval mortality was reduced from 94% to 62% when incubated with 2% water content for 32 days. The soil at pH 4-6
was optimal for this nematode, but pH 10 was not suitable for the nematode infection. Therefore, it is preferable to select favorable
soil environmental conditions, if applied this entomopathogenic nematode as a biocontrol agent for soil insect pests.
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FIEIREE N 5 8 A R & (Steinernema abbasi)
(Rhabditida: Steinernematidae) £%&h5 % 22

H&Ef REHE* auoscessesr 02 50HBNS 250 %

A

ETREA > 2HBRLRE R BE -~ SKE ~ BRE(pH) F LEFTA T »
KM E & 4 4§ & (Steinernema abbasi) Z B 42 #0145 & (infective juveniles; IJs)#%
BIEMZHE o L IJs 348 K #k(Galleria mellonella) K # 4 & P75 Ae 2 B 9% o
B BEFEERE TR ZARIE S, abbasi £ L RAVIE L P4 32 A% LA &
M AR X RFE PR o BB AE R MR R o £ 25°C T » S. abbasi 4 32
AR ega @M s {2/ 1530 & 35°CT » shp X Z A F MK~ 26 C R
4o £ 4~16% EIELKET »S. abbasi YT ZREEHREHERE 16 8 » Y
HATRE 32 AREBRMK /2L 2% 2KE > RTHRA A 94% 5 £ 62%- £ L 3E pH4
~6 T »S. abbasi T #4518 & e % & &M > 12 pHI0 Bl gL h - Ak » &
H S. abbasi AT LI F HI AW LGN > HIEE SR T LA LEIEIEH -
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S 4 &5 (entomopathogenic nematode)
1 & %6 & %1 4> /B Heterorhabditidae J;
Steinernematidae —F} » BRI H LK =T
=f#(Koppenhofer and Fuzy, 2003) o £/ fd
FETHEERE % 70 Bl R > JC T AR R B R S
30 Steinernema aciart ;7 S. akhursti jif#
AR I HTE(Qiu et al., 2005a, b) » 7] K
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TGRS AN 32 2+ BRI 1 - i+
U Hi(soil texture) ~ R ~ W ~ #REHKHL
) 5% 2 (Kung, et al., 1990a, b, 1991;
Fuyjiie, et al., 1995; Millar and Barbercheck,
2002) - (K[t > {EFERH B AW S) Z b
AT HIEFRR L ZIER - 5 AT
5 £ M+ B BR A TR SR 0E e AE B L R
B DU 2RI -

5} 4 158 W [ » Steinernema glaseri
7 A ) L b 9% {2 B 0 RS R K 5 1
Steinernema carpocapsae (£t MG+
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FRR ST ERRE ST + B kL BORS R hniR: > HIl
[RKEH 2858 /) (Kung, et al., 1990a; Hsiao
and All, 1996) - S. carpocapsae {Fi={a T »
TR - HRrO T NI 5 591 - S.
glaseri A] [A] IR i M KR e = i ERER (Kung, et
al., 1991; Cheng and Hou, 1997)  }H¥1 »
Steinernema kushidai BI[{ERE(E 20~30°C
T BEB R 1 (Fujiie, et al., 1995) o

AN [) i ek A RE S IR B oK B 2 GE FE R
fr7=8 » HI40 S. carpocapsae [z S. glaseri
IR 2 Je 4% K E T BUE & HAFE (Kung,
et al., 1991) ; 1 S. kushidai > 20~40%2;
KET 5|4 BT (Anomala cuprea)$f] &
P A e (Fujiie, et al., 1996) o [L4f » 11
pH & BRI R EBUR T - flan S,
carpocapsae SHE R pH4A~8 2 +H1EiE 5 1
S. glaseri HIFEZ pH BYF & HAF TG 2R WK
(Kung, et al., 1990b) - fHLL F#HEBHR - &
Tt A R e S 7 52 B L LE BRI TR -

A EE ) s A & » Steinernema abbasi
(Rhabditida: Steinernematidae) » 1% AHHF
Fe e H AL E R Y H 3% H AR L A o) B T
15 » HEYERY) 8 (infective juveniles, IJs)
F S H &k 8 B E0K ) (Liao et al,
2001; Pai, 2004) - Pai and Hou (2005)C 4
P 578 e Bt FH A AR s R sk RS L AR ik o2
ROV EAE N RS E— DRI T8
I ~ YRS ~ & K R (pHD S R B A
¥t S. abbasi $&EaE M (insecticidal activity)
258 DL I E ] 2 2% -

MEIERTSE
—  Kig#H(Galleria mellonella)
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SRR FR1 250 S RUICRE L - 154
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B 6 75722(26 + 1°C » 70 + 10% RH » S¢38
1 13L : 11D) » LI T EREHESE; 200 g »
W%y 100 g > T 150 ml » #5825 150 mD ST
PAEE » BUREn S mb bz iS5l +
HER % 2 s » FiG 2 iR shadt o2
(larval mortality) HL{EZFE i3 ik s iG E <
R

- m4iEs

AR ER(S. abbas) R 1998 T H
[l > AT B {GER TS AR ER 13 (Liao,
et al., 2001) o 1F 26°CEH EH » {ft Dutky et
al. (1964).2 771 » FI ARSI fn e 75
pugg ke s L White (1927).2 151 » It
H 1ds o FI YRR S A AE 55 mm
ARSI - A ERFS 20°C o fEFT A SR
{#2 H ORF AN E — (8 H Z e T2 o 3l
Bapl > EHWECESE Js fI%E 100 ppm
oxamyl solution A7 » FAMEFIRATSER T hail
FREZR  (EEIAEE G 95%. 2 (RIF R it
F AR o

= HREZREREH S

B AR AR ~ RBER B o7 S0 48 R R
152 T HRER O - 8100 B B s PN A = LRI (200
°C»8 % LI EAH#E(12 mesh, 1.680 m/m)
fil 2 IR R AR EER RS
TIEACRHIFE = B 3R 3 73 AT o AT SR
B o0 P 1 (90% sand, 6% silt, 4% clay;
pH6.7) ~ 1)1 + (74% sand, 16% silt, 10%
clay; pH6.3) ~ 1#+1(48% sand, 28% silt, 24%
clay; pH6.8) k% 1(28% sand, 45% silt, 27%
clay; pH6.5) -

M~ TiEEHE S. abbasi fxE AR E ZAE
SR £~ it B R R AT



it D HIFFEL 26 g TIEE AERREGES 4.5
cm » F 8.5 cm)H s ilfi DU ERGE I 500
IJs » BERGHA T RAUOME > 3T 0 4 (EHD x 6
() = 5 (M) = 120 {EfRM + BUTER
TR TRCHR e (U S A o SRS B B AT
JE4E(26 £ 1°C » 70 + 10% RH » 2[5 o &%
0,2, 4, 8,16 32 H - B HEH TIEFE A
55 mm REE A - WifE A 10 E AU K ER )
£#(220~260 mg) ; £ 48 h 1% - FAIAILERSD
E LR o SRABRIARIAER (E ol T IE & KR 8
~10% o

B~ HIEEREY S. abbasi fxEEMHEZAE

00 25 g i & AVEIEHED - il 500
s s £ RADIE R - 7 BIES 152025 ~
30 K¢ 35°C i1 » 4R IR A TR - AT -
5 () x 6 (RffE) x 5 () = 150 {likk
a3 LA SRR R RS B IR - BRI
PRIBHEE S B PR Z TR AR -8 0, 2, 4,
8, 16 J¢ 32 H - i L3R E AR EIA - 7
B A 10 ERIGHCR fingh s > MBS 25°C AR
T 5 € 48 h 1% FlGRCERIE e - 2B
SR T S OK AR 8~10% -

N~ HEEKEH S. abbasi fEmiEMREEZ

HIE

0 25 g bt i A B[R Tk Kung et
al. (1991) 2 )71 » LERETKIS0E S
KRS 2~ 4~ 8 K 16% (wiw) (1K
% o DUBIREGEESE 3 min) » f§ 500 1Js
PRGN T RAOER - St 1 4 (RID) x 6 (FFfH)
x & (M) = 120 {lkR 3 DLHIEARRE R i
G - RIRFPEBREER 26°CIRIR
N - 80, 2, 4, 8, 16 f 32 HIFf > 5P 1
REIARSEILN » WMifE A 10 ERUHIECR )
& o 1€ 48 h % > BHIAGCERIE T & - YEIEHE

HHE > e RE LK

+ - TIRFEEE Y S. abbasi fxg AR EZ

AE

X Kung et al. (1990b) .z /5 » LL
glacial acetic acid J% sodium carbonate /i
Wi+ BIBCE s pHY, 6, 8 fr 10 < B 25 g
Wi+ B A BB RES % 500 1ds fift R
DR s HEET 14 GEHD x 6 (fH]) x 5 (EH) =
120 fEERAS 5 DA SRR iR & 50 ST IR
i IR AR REE D 26 CIVRAEA <48 0, 2,
4, 8, 16 J 32 H » 5 TIEEASEEILA »
A A 10 SRR En 2 & 5 #8 48 h 1% - Bl
GRCFRIL U mb B o BRI HIE &K R HER: 8
~10% -

N~ EiBAR

9ERIL 28K Abbot’s formula (Abbott,
1925) + & & 1F » # acsin-square-root
transformation % » L) Fisher’s LSD test (p
< 0.05) 73 Ky iR B i 2 52

— ~ TIEEME S. abbasi fgEEEZ R E
F— B RS 7B+ R IE R
rho #8082 Hik o fiERs | EE RIS EIIIET
AR KR A o AR R R
2 Hi% o #aas B TRE 82 K
84% » KD+ KAVIE TR (F = 5.68; df
= 3, 16) ; € 8 Hi% » s+ iatIt 25
56% > AR LR o IR - i+ 2
ShERIE TS IR 92% L) F(F = 19.08; df =
3, 16) ; #% 32 Hiz » HE+HIEILTEE
38.0% > & TR FHHIE dhak CEUR NI (F =
115.59; df = 3, 16) o {FiE + 8k &i+rh - (81
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Table 1.
different soil textures for 32 days”

Larval mortality (mean + SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 1Js) within

Larval mortality (%)

Soil texture Days after incubating nematodes in soil F value
0 2 4 8 16 32

Sand 100aA? 98.0 + 45aA  94.0 £5.5aAB  92.0 + 8.4aAB 96.0 + 5.5aA  86.0 + 8.9aB 5.20

Sandy loam  96.0 + 5.5abA  94.0 + 8.9aA  94.0 + 5.52A 94.0+89A  96.0+55aA  88.0+8.4aA 0.90

Loam 92.0 + 8.4bA  82.0 £ 8.4bAB 54.0 + 11.4bCD 56.0 + 18.2bCD 68.0 + 13bBC  38.0 + 16.4bD  10.26

Clay 96.0 + 5.5abA  84.0 £ 55bB  48.0 £ 17.9bC  24.0 £ 15.2¢cD  14.0 + 15.2¢cD OcE 50.26

F value 1.64 5.68 23.22 19.08 66.14 115.59

D Five replicates in each treatment.

9 Means followed by the same lowercase are not significantly different in the same column while the same
uppercase are also not significantly different in the same row at p < 0.05 by Fisher’s LSD test.

K- @:ERKETRATTRET 32 BEIEXRIE 2 MR TE
Table 2. Larval mortality (mean + SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 1Js) at

different soil temperatures for 32 days”

Soil Larval mortality (%)
tempfrature Days after incubating nematodes in sandy loam F value
(©) 0 2 4 8 16 32
15 - 94.0 £ 5.5aA 80.0 + 10.0bB  76.0 + 11.4bBC  66.0 £ 11.4bCD 58.0 + 13.0bD 13.51
20 - 98.0 + 4.5aA 96.0 + 5.5aAB  90.0 + 10.0abAB 86.0 + 11.4aBC 74.0 + 15.2abC 4.06
25 98.0 + 4.5AB? 100aA 96.0 + 5.5aABC 94.0 £ 8.9aABC 88.0 + 8.4aBC  86.0 + 11.4aC 2.57
30 - 94.0 + 8.9aA 82.0 + 13.0aAB 82.0 + 13.0abAB 86.0 + 11.4aAB 64.0 + 19.5bB 2.80
35 - 100aA 92.0 + 8.4aAB  82.0 £ 13.0abBC 92.0 + 8.4aAB  62.0 + 17.9bC 6.71
F value - 1.48 6.10 1.70 2.63 2.85

Footnotes are the same as Table 1.

B 2 A - KR B mEHT] » (HAR SRR
A Er B R PR IR 5= EIREF > 2.62; df =
5, 24) ; WL gUME LR - BRERERE LS R
RS2 - 32 HIFF - ShERIEEZR ()
HEFF 86.0% o

—~TEEEE S abbasi fxaziE 2 HE
LLI5°CRE 4 Hi% - #kah | REIRIEAY
WERTET AR 20~35°C iR HAH(F = 6.10;
df = 4,20); 16 H » 7£ 15°CArg .25t
25y 66% 5 Yt 0 20~35°C RPHAH HIKERF 1
86~92% (F = 2.63; df = 4, 20) ; #&& 32 H »
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30 jx 35°CREH ZILTI-ZR 2 64%LL T » HAK
A 25°CIEFIE(F = 2.85; df = 4, 20) - {5
[ 15°C Lifirh - HoRREhIE M 27 IR PRI ] 2 52
Wi E I (F = 13.51; df = 4, 20) ; 7F 20 ~
30 J 35°Cr » {£4% 16 B 32 H ¥ffiah. 2380 /]
W5 B 5 fER> 256°C ifirp > HR
T2 IR B RN > £ 32 HIgHMER?
EXNF = 2.57; df = 5,24) (GE7) »

= HIREIKEH S. abbasi fizaEE 2 EE
FZRUR TIEE K EAE 2~16%0F - £8 16
H - st 77 L ohadh B BArigy /) » Hig
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Table 3. Larval mortality (mean + SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 1Js) under
different soil water contents for 32 days”

Larval mortality (%)

Soil water

content (%) Days after incubating nematodes in sandy loam F value
0 2 4 8 16 32
2 96.0 + 5.5Aa% 94.0 +8.9aA  96.0+55aA  98.0 £ 4.5aA  94.0 + 5.5aA 62.0 + 11.0bB 8.19
4 98.0 + 4.5aA 100aA 96.0 + 5.5aA  96.0 + 5.5aA  96.0 + 5.5aA 84.0 + 15.2aB 2.48
8 98.0 +5.5aA  96.0+89aA  96.0 £5.5aA  94.0 + 5.5abAB 90.0 + 12.2aAB  86.0 + 8.9aB 2.04
16 98.0 +4.5aA  98.0+45aA 98.0 +4.5aA 88.0+84bB  90.0 + 10.0aAB  86.0 + 5.5aB 3.82
F value 0.29 0.73 1.00 3.03 0.55 3.54

Footnotes are the same as Table 1.
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Table 4. Larval mortality (mean + SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 IJs) at

various soil pH values for 32 days”

Larval mortality (%)

Soil pH Days after incubating nematodes in sandy loam F value
0 2 4 8 16 32
4 92.0 + 8.4Aab” 92.0 + 8.4aAB  88.0 + 13.0aAB 96.0 + 5.5aA 94.0 + 8.9aAB  84.0 + 5.5abB 1.14
6 100aA 100aA 96.0 + 5.5aA 98.0 + 4.5aA 90.0 + 12.2aAB 84.0 + 11.4aB 3.40
8 94.0 + 8.9aA 90.0 +14.1aA 92.0 + 8.4aA 80.0 + 12.2bAB  76.0 £ 11.4bB  70.0 + 14.1bB 3.87
10 92.0 + 8.4aA 18.0 + 14.8bB 0bC 0cC 0cC 0cC 71.35
F value 1.21 25.29 56.75 114.82 68.23 78.71

Footnotes are the same as Table 1.

= TEE/KEY S. abbasi #EERIEGZFEE

F R HIEE KRR 2~16%; - £ 16
H » e 77 £ dhaa(h B RIFr g S » g
B EAZ 2 H(F = 0.55; df = 3, 16);§% 32
H o (% 2%E P FH .2 4ha 5t 25 BHER N R
B Hob > =R PR 22 B(F = 3.54;
df = 3, 16)  fiREkf> 2~16%1-1EE K& »
LR RbE 1 57 B PR IR A 2 AN - (3 1E 32
FIWE RS N > (HEDESE A 0] 5% 62~86% o

M~ 1% pH ¥4 S. abbasi etz HE

[ 1-4% pH4 J pH6 rft » iREh#adin %
IFFRIF R B - (BRE 32 H4hsast TAchg
W 5 > pH8 J pH10 it » fR&AEIE V2

PHIR R 52 B HI B B3 (F > 2,625 df = 5,
24) - -1 pH10 JE#id - £ 2 Hi% - &k
FERT SN BIE 2B 2 18% » (/> pH4~8 i
HI(F = 25.29; df = 3, 16) ; & 4 % » pH10
o P AT - D E S AR AR 5 Ak 0 =4
JE 2 S 2 =it 88% (F = 56.75; df
= 3, 16) ; £ 8 Hi% » pH8 &M Zha it 128
HIMER pH4 K pH6 @Bl (F = 114.82; df =
3, 16) (£M) -

ER

A HhEE B AR (S, abbasi) AR T8 RD
L B AR AR s E M o (BAEE - R R trh
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£ %5 ) I B IR P A€ 5= TR U © Croll and
Matthews (1977) &z Qiu and Bedding (2000)
oy PR S AR ER AN A s B2+
BRI R SR R T N2 R -
b > TR LA > AR
(R IR - Kt F IR E S HE R S AE 48
HARE 5 (B8 -8R rp o TR AL
/N KR ER AR R R R Z R IR R R
(glycogen) Kk {t.fy i (trehalose) 2 it HgE & >
H#Ra B HEZ BT - Kung et al
(1990a)7T45H S. carpocapsae ¢ S. glaseri
TEWD + Kb 38 + iR e S B B R A 1 1
R o A B > Bk i P & (% 5 Kung
et al. (1990a)2 1/9 & - {HIEPYREIAR - S.
abbasi ¥t T R Y 1A S 7B S,
glaseri o H EHEHEHEH] > S. abbasi {F11E
R RIS TEEE S S. glaseri o SR » 1
W+ e i LB o IR A & A R
mh B R BB AER A T) » DL S. riobrave Jt
Heterorhabditis bacteriophora S| » —EH1F
18+ PR R RIS PE A S 2 AE RS 1 H (Shapiro,
et al., 2000) ; {HEEZ AT + HHIHT K
LR IR S S 2 % 0 TER
s iR SR R 2 £

Cheng and Hou (1997) # & S.
carpocapsae {1F 4~32°C T » & 10 H1% - i
IS AR GRS 72 52 5 (E AR &3 AR AT Y
FERE > TEEnR MRS R R R, - HREM: e
TN E(Kung, et al., 1991) » HEAZE{KLL S.
abbasi #EIRAEERE ) s HIL - BE TR K
S. glaseri W] [F]IRF i MEARIR B Ei BR AR 5 AHES
# s S. kushidai HIfERETE 20~30°C T FEIH i
(U (Fujiie, et al., 1995) o S. abbasi
{£ 20~35°C | » #8 32 Hi% » {1 H RAFHI A &k
WEVE s 75 15°CTF » AR kI PEMENS (KA o {th B
BE - (HE R FRE S0 o A4S RBERAE
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15~35°C | » S. abbasi {f 11 .2 FeadiG 1k
SR RSB | T {E Rn BV B B
[ S B PR 3

TIEEKETE 4~16%T > S. abbasi t5u]
R BRI R &Gk o LB S. carpocapsae
K& S. glaseri tHE (Kung, et al., 1991) - [t&
KRR TR AT A SRR ~ 67T B R ARk
BRI S K P » BT R d A FH AT
1% » FEASZ IR /K a2 BRI T (R A% &2
GV < SR > S. abbasi BGLET LR TR HUE
+iEEIKEE 8~12% (Pai, C. F., unpublished
data) » 0 LRk ek ARG TR T Rl > H
LTS BB KRR A FYIRS 5 - TTRESE
AR B YT o 12/ 5% T K E
T FEARARER A AT ERIREE o R R e
PWIRAF IR AV 5 & K 1% - AIAT
o ik ek ERA B B = Y —F F R
(Koppenhofer, et al., 1997; Grant and
Villani, 2003) ° # 5 R H M HIEEKE
KISZ B BT ~ TR i ~ VR K% B35
KA ) - 1 & AR ERAEAR TEEEKE T
SLIANEIREEN TR - 5 HAF LS DIHERT
A IR @il T o

£ +1# pH4~8 T » S. abbasi uJffEHFg
R EE R 32 Hib s {Hilg ik TR g
{KH4 S - Kung et al. (1990b)#g HifF + 1%
pH10 T » S. carpocapsae Z 3 aalf 4 GH T
Wt s /£ pH8 IFf » a%ftahs [HEE L EHIIL T
ATy ATHEREZE 8 H o BfEfE 3% pH10 T » &h/E
MRt 7 LR RS TG R B - (HIRH
7 HH i i 2% [ o2 1 S R i {4 75 pH6.9~
7.8 » RFEIUE MR TEN TR o RILEE
A0S I 8 pH (HIEJEZE S, abbasi 1Y)
R alh ez B A o

H DL b & et Bl SR A% - HEM S.
abbasi {E{F HIEE 82 EVIVRE B N\ ENEE
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Effects of Soil Environmental Factors on Insecticidal Activity

of the Entomopathogenic Nematode, Steinernema abbasi
(Rhabditida: Steinernematide)

Chih-Fang Pai and Roger F. Hou* Department of Entomology, National Chung Hsing University, Taichung

402, Taiwan

ABSTRACT

Effects of soil texture, temperature, water content, and pH on insecticidal
activity of the entomopathogenic nematode, Steinernema abbasi, were
investigated in the laboratory. The larval mortality of the greater wax moth,
Galleria mellonella, caused by inoculation of the infective juveniles (IJs)
within 32 days was adopted as the criterion for evaluating the insecticidal
activity of the nematode. Sand and sandy loam were optimal for S. abbasi to
exhibit insecticidal activity, while in loam and clay, the nematode was less
insecticidal as the time prolonged. Steinernema abbasi remained virulent
when incubated at 20 and 25°C for 32 days; whereas the nematode was less
virulent when incubated at 15, 30, or 35°C. Steinernema abbasi was highly
insecticidal when incubated in the soil with 4-16% water contents for 16 days,
although the larval mortalities were lowered slightly only if incubated for 32
days. However, the larval mortality was reduced from 94% to 62% when
incubated with 2% water content for 32 days. The soil at pH 4-6 was optimal
for this nematode, but pH 10 was not suitable for the nematode infection.
Therefore, it is preferable to select favorable soil environmental conditions, if
applied this entomopathogenic nematode as a biocontrol agent for soil insect
pests.

Key words: Steinernema abbasi, Galleria mellonella, insecticidal activity,
larval mortality, soil environmental factor
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