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Influence of temperature on pathogenicity of some 
entomopathogenic nematode isolates (Steinernema spp.) from 

Japan screened for ability to control some noctuid moth larvae 1,2 

Mutsuhiro Yoshida 3,* 

Pathogenicity of indigenous steinemematids against some noctuid larvae was examined to screen candidates in 
a biological control program. First, 17 isolates from ten species (Steinernema feltiae, S. kraussei, S. kushidai, S. 
litorale, S. montieolum and five RFLP types) were screened for pathogenicity against the middle instar larvae of 
Peridoroma saucia, and S. feltiae and S. litorale were selected. Secondly, three isolates of S. feltiae and eight isolates 
of S. litorale were screened for pathogenicity against the middle instar larvae of Agrotis segetum, and S. feltiae 
HkEr36 and S. litorale IbKt142 were selected. Both isolates showed high pathogenicity at 25°C and below, but 
reduced pathogenicity at 30°C. Therefore, with the addition of a subtropical species S. abbasi collected after the sec
ond screening, the screened isolates were compared with an introduced nematode, S. eaJpoeapsae All, for their path
ogenicity against the late instar larvae of A. segetum and Spodoptera litura. The isolate S. litorale 1bKt142 showed 
high pathogenicity between 7 and 25°C, and caused significantly higher mortality of A. segetum at 7, 10 and 15°C 
and S. fitura at 7 and 10°C than S. eaJpoeapsae All did. Moreover, S. abbasi On1r181 caused significantly higher mor
tality of A. segetw1l at 30 and 35°C and S. fitura at 35°C than S. eaJpoeapsae All did. Nematol. Res. 40 (2), 27-40 
(2010). 
Key words: Agrotis segetu1Jl, Peridoroma saucia, Spodoptera lilura, Steinenzema litorale, S. abbasi 

INTRODUCTION 

Nematodes belonging to the genera Steinernema 
Travassos, 1927 and Heterorlzabditis Poinar, 1976 are called 

"entomopathogenic nematodes (EPNs)". As EPNs have out

standing beneficial traits such as high pathogenicity 

against insects, durable survivability and host-searching 

ability of the infective third-stage juvenile, reproduction on 

artificial medium, symbiotic association with entomopatho

genic bacteria, and so on (Gaugler, 2002), scientific and 

commercial interests in EPNs discovered numerous geo

graphic isolates (Hominick, 2002), are still searching for 

new species/isolates, are developing mass-production and 

formulation technologies and creating commercial insecti-

products composed of EPNs for pest management 

(Georgis et al., 2006; Kaya et al., 2006). In Japan, a series of 

intensive research projects for the practical utilization of the 

especially an introduced species, S. carpoeapsae 

i A part of the present study was conducted at National Institute for Agro· 
Environmental Sciences. 

present study was reported in "International Symposium on the 
Re~earch and Development of the Entomopathogenic Nematodes" at 

China, April 2009. 
, J'(;::ional Agricultural Research Center, Kannondai 3-1-1, Tsukuba, 

lbaraki 305·8666,jAPAl\l. 
E·mail: mutsuysd@affrc.go.jp 
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(Weiser, 1955), were conducted from the 80s to the 90s 

(Ishibashi, 1992) and two introduced nematode insecticide 

products composed of S. eaJpoeapsae and S. glaseri (Steiner, 

1929) are being utilized in Japan nowadays. Especially an 

introduced nematode insecticide product composed of S. 
carpoeapsae is widely being applied to tmfgrass, vegeta

bles, fruit trees, flowers, ornamental plants, and so on OPP

NET, 2009). On the contrary, although more than ten stein

emematid species have been recorded from Japan (Mamiya 

and Ogura, 1990; Mamiya et al., 1995; 2001; Ph an et al., 
2006; Stock et al., 1998; Yoshida, 2003; 2004; 2007; Yoshida 

et al., 1998), so far only S. kushidai Mamiya, 1988 has been 

applied to control white grubs mainly in golf comse turf

grass and sweet potato fields (Ando, 1995; Ogura and Oya, 

1992; Oya and Kamiwada, 1990; Suzuki et al., 2000). 
Temperature conditions have a significant impact on 

infectivity of EPNs and low and high temperatures usually 

restrict the use of the EPNs (Griffin, 1993). For example, S. 
carpocapsae is generally recommended to be used at ambi

ent temperatures between 20 and 30°C with the efficacy 

declining at temperatures below 15°C and above 35°C 
(Fujiie, 1998). The lethal effect of S. kushidai also declined 

on the third instar larvae of Anomala euprea (Hope, 1839) at 

10, 15 and 35°C (Fujiie et al., 1995). When examining the 

efficacy of EPNs against insects, it is important to monitor 

the temperature range at which the tested EPNs demon-



strate pathogenicity. 

Consequently, a series of screenings of indigenous 

EPNs have been conducted in order to evaluate the poten

tial of the indigenous isolates as biological control agents 

against soil inhabiting pests, especially to select indigenous 

isolates/species highly pathogenic at low and/or high tem

peratures in addition to being highly pathogenic at normal 

temperatures. Among soil inhabiting pests, the noctuid 

moth larva is one of the important agricultural pest groups. 

In the present study, the variegated cutworm, Peridoroma 
saucia (Hubner, 1803) (Noctuidae), the cutworm, Agrotis 
segetum (Denis and Schiffermuller, 1775) (Noctuidae) and 

the common cutworm, Spodoptera litura (Fabricius, 1775) 

(Noctuidae), were used in the present screening. Although 

the variegated cutworm was recognized as an alien inva

sive species in the 70s, it was not recognized as an agricul

tural pest until recent years (Inoue et at., 1982; Kurihara et 
al., 2008). The cutworm is known as a serious agricultural 

pest causing damage to crops, vegetables and flowers by 

cutting the plant stem (Ohiro and Ozaki, 1975). The com

mon cutworm is one of the most important agricultural 

pests, due to a wide host range, e.g. 27 families including 77 

species of crops and vegetables (Okamoto and Okada, 1968) 

and resistance to chemical pesticides (Takeda, 2008). The 
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present study reports the characteristics of some indige

nous steinernematids concerning the relationship between 

pathogenicity and temperature, derived by screening the 

three noctuid moth larvae. In addition to the results of the 

screening, the potential of selected isolates as biological 

control agents mainly against the cutworm is discussed. 

MATERIALS AND METHODS 

Sources of nematodes and insects: 

The steinernematid isolates used in the present study 

(Table 1) were recovered from soils in Japan and Sakhalin 

by using a Galleria baiting technique (Bedding and 

Akhurst, 1975). An introduced nematode insecticide prod

uct Steinernema cmpocapsae All was obtained from Mr. 

Tanabe of SDS Biotech KK The Sakhalin isolate of S. /elti
ae (Filipjev, 1934) was collected by the Genebank Project 

(Exploration and Introduction of Microbial Genetic 

Resources) of National Institute of Agrobiological Sciences. 

The oriental grub Exomala orientalis (Waterhouse, 1875) 

was used to culture S. kushidai in the laboratory and others 

were cultured in late instar larvae of the greater wax moth, 

Galleria mellonella (Linnaeus, 1758). Infective third-stage 

juveniles (IJs) of S. abbasi Elawad, Ahmad and Reid, 1997, 

S. kushidai and Steinernema sp. RFLP type MY8 were 

Table 1. List of isolates used for the first and second screening tests. 

Species 

Steinernema feltiae 

S. /?nll{ssei 
S. }ms/zidai 
S. litorale 

S. monticolum 
Steinernema sp. RFLP type lVIY3 

Steinemema sp. RFLP type lVIY5 
Steinemema sp. RFLP type lVIY6 
Steinernema sp. RFLP type MY7 
Steil1emcma sp. RFLP type MY8 

1 Isolates used for the first screening test. 

Isolate code 

HkHm26:l 

HkEr36 3 

RsSh131 3 

HkHm22 1 

KsYk194 1 

AiAt199 2 

CbSr95 2 

CbWd140 2 

IbKt142 2 

IbDg157 2 

ItSil44 3 

HkSf16 2 

HkEr37 3 

YgMm26 1 

SaMt28 1 

YnEn82 1 

NnSk47 1 

FsKy29 1 

HkSb84 1 

YnEn68 1 

NnSk50 1 

HkBk356 1 

OyTm58 1 

2 Isolates used for the second screening test. 
3 Isolates used for the first and second screening tests. 

Locality 

Hokkaido 
Hokkaido 
Russia 
Hokkaido 
Kagoshima 
Aichi 
Chiba 
Chiba 
lbaraki 
lbaraki 
Iwate 
Hokkaido 
Hokkaido 
Yamagata 
Saga 
Yamanashi 
Nagano 
Fukushima 
Hokkaido 
Yamanashi 
Nagano 
Hokkaido 
Okayama 

28-

Source 

Hamatonbetsu Yoshida (2003) 
Erimo Yoshida (2003) 
Sakhalin present study 
Hamatonbetsu Yoshida (2003) 
Yaku-shima Is. present study 
Atsumi Yoshida et al. (1998) 
Shirahama Yoshida ct a1. (1998) 
Wada Yoshida ct a1. (1998) 
Kitaibaraki Yoshida (2004) 
Daigo Yoshida (2004) 
Shizukuishi Yoshida (2004) 
Saruhutsu Yoshida (2004) 
Erimo Yoshida (2004) 
Mamurogawa present study 
Mitsuse present study 
Enzan Yoshida ct al. (1998) 
Saku present study 
Koriyama present study 
Shikabe present study 
Enzan Yoshida et al. (1998) 
Saku present study 
Betsukai present study 
Tamano present study 
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stored at 10-12°C and other isolates were stored at 4-7°C 

until used. 

The noctuid moth larvae used in the present study 

were cultured in the laboratory at room temperature (20-

on an artificial insect diet "Insecta LFS®" (NIHON 

NOSAN Co. Ltd.). The variegated cutworm, P saucia, was 

obtained from Dr. Saito, formerly of National Institute for 

Agro-Environmental Sciences, the cutworm, A. segetum, 
was obtained from Dr. Yoshimatsu, National Institute for 

Ab'To-Environmental Sciences and the common cutworm, S. 
litura, was obtained from Mr. Oida, Chiba Prefectural 

Agriculture and Forestry Research Center and Mr. Tanabe, 

SDS Biotech KK The culture of S. litura was kept as a mix 

of two populations. 

First screening test: 

The pathogenicity of ten Japanese species including 17 

isolates (Table 1) was examined by using the middle instar 

larvae of P saucia in the presence of soil at 20°C. As all iso

lates used in the first screening test successfully reproduced 

at 20°C in the insects, S. kushidai in white grubs and the 

other 16 isolates in greater wax moth larvae, the patho

genicity of each isolate against the middle instal' larvae of 

P saucia was examined at 20°C at first. Some species caus

ing 50% mortality and above at 20°C, were used for the 

next screening in order to examine the influence of tempera

ture on their pathogenicity by using the middle instar lar

vae of P saucia in the presence of soil under variable tem

perature conditions at 7, lO, 15, 25, and 30°C. 

About 150 ml of sterilised loamy soil containing about 

25 % water content (by weight) was put into a polythene 

cup (90 mm diameter at top, 75 mm diameter at bottom, 50 

mm depth, 250 ml volume), then 2,500 IJs (10,000 Us per 1 

ml distilled water) were applied to the soil sUliace and each 

cup was incubated at 7, lO, 15, 20, 25, and 300(. The appli

cation rate in the first screening corresponds to about two 

the standard application rate of nematode insecticide 

products (25 Us/cm2 (Shapiro-Han et al., 2006)). After one 

five middle instar larvae of P saucia were added with 

artificial diet to each cup, which was then incubated at the 

same temperature as the pre-incubation. The noctuid larvae 

used after incubating for about one day at the test 

temperature. Three cups were prepared as three replica

for each test temperature and kept for 15 days at 7°C 

lO days at lO-30°C. Three cups containing soil, insects, 

artificial diet for insects, and 0.25 ml of distilled water in the 

manner as above, were prepared as three replications 

the control at each test temperature. Each cup was 

--·~~,,'-.u for larval mortality every day from the 2nd day 

Second screening test: 

The second screening test was conducted by using the 

middle instal' larvae of A. segetum at 4, 7, 10, 15, 20, 25, and 

30°C, in order to select isolates showing higher pathogenici

ty at a broader temperature range among isolates belong

ing to the screened species. Three geographic isolates of S. 
feltiae and eight of S. litorale, which had been kept in good 

condition when conducting the second screening tests, were 

used for the second screening test (Table 1). As another 

Hokkaido isolate of S. feltiae (see Yoshida, 2003; 2004) was 

lost in the rearing process before the screening test, only 

two Hokkaido isolates and one Sakhalin isolate of S. feltiae 
were used for the second screening test. The screening 

examined their pathogenicity for 15 days at 4-10°C and 10 

days at 15-30°C in the same manner as the first screening 

test. 

After the first test, all P saucia suddenly died and the 

author could not get more of the lepidopteran species. 

Therefore, A. segetum, which was then being kept in anoth

er laboratory, was used for the tests, as it is easy to keep 

large numbers of the cutworms and large numbers of mid

dle instar larvae could be obtained for all the screening 

tests. 

Third screening test: 

The pathogenicity of the selected isolates in the second 

screening test was examined by using the late instar larvae 

of the cutworm, A. segetum and the common cutworm, S. 
litura, as compared with S. carpocapsae An and S. abbasi 
OnIr 181 which was isolated after the second screening test 

was conducted. 

The inoculation numbers of nematode individualslcup 

in the third screening test was detetmined judging from the 

mortality of the late instar larvae of A. segetum caused by 

S. litorale IbKt142. The pre-test was conducted at 15°C and 

prepared in the same manner mentioned below. On the 

nematode inoculation, approximately 500, 1,000, 2,500, 

5,000, or 10,000 IJs were applied in 1 ml distilled water to 

each cup containing soil. 

About 300 ml of sterilized loamy soil containing about 

25 % water content was put into a polythene cup (130 mm 

diameter, 50 mm depth, 430 ml volume), then Us were 

applied to the soil sUliace and each cup was incubated at 7, 

10, 15, 20, 25, 30, and 35°C. After one day, five late instal' 

larvae of A. segetum or S. litura were added with artificial 

diet to each cup, which was then incubated at the same tem

perature as the pre-incubation. The noctuid larvae were 

used after incubating for about one day at the test tempera

ture. Three cups were prepared as three replications for 

each test temperature and kept for 30 days at 7°C, 15 days 
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at 10
o
e, 10 days at 15 and 20

o
e, and 5 days at 25, 30 and 

35°e for A. segetum, and for 15 days at 7°e, 10 days at 

lO
o
e, 5 days at 15°e, 2 days at 20 and 25°e, and 3 days at 

30 and 35°e for S. litura. Three cups, containing soil, 

insects, artificial diet and 1 ml of distilled water in the same 

manner as above, were prepared as three replications for 

the control at each test temperature and with each test 

insect, A. segetum or S. litura. Each cup was checked for 

larval mortality every day from the 2nd day after treatment 

at 15°e and above and every five days at 7 and lO
o
e. 

Statistical analysis: 

Statistical analysis of differences among mean values 

was pedormed according to Tukey's HSD test, using Excel 

Statistics Ver. 4.0 software, Esumi Co. Ltd., Tokyo, Japan. 

RESULTS 

First screening test: 

Steinernema /eltiae HkHm26, HkEr36 and RsSh131, S. 
litorale ItSi144 and Steinernema sp. RFLP type MY3 

SaMt28 showed high pathogenicity as compared with other 

species. They caused more than 80% mortality of P saucia 
larvae at 20

o
e. The isolates S. litorale HkEr37 and 

100 r--

~ 

2010if 12 fJ 

Steinenzema sp. RFLP MY3 NnSk47 and HkSb84 caused 

about 50% mortality and Steinemema sp. RFLP MY3 

YnEn82 and FsKy29 caused only about 20% mortality. 

Steinernema sp. RFLP type MY6 caused about 50% mortal

ity and S. kushidai and S. kraussei (Steiner, 1923) caused 

less than 30% mortality. In contrast, S. monticolum Stock, 

Choo & Kaya, 1997 and Steinernema spp. RFLP types MY5 

& MY8 showed no pathogenicity against P saucia and 

Steinernema sp. RFLP type MY7 caused nearly 0% mortal

ity (Fig. 1). Consequently, S. /eltiae, S. litorale and 

Steinernema spp. RFLP types MY3 & 6 were examined for 

their pathogenicity at different temperatures (Fig. 2). 

Among three isolates belonging to S. /eltiae, Japanese 

isolate HkEr36 caused more than 80% mortality between 7 

and 25°e and HkHm26 caused more than about 50% mor

tality, between 7 and 25°e. The Sakhalin isolate RsSh131 

from a subarctic region caused more than 80% mortality at 

15 and 20
0

ebut did not cause high mortality at 10
o
e. 

Steinemema litorale ItSil44 caused more than 70% mortali

ty between 7 and 20
o
e. All five examined isolates of 

Steinemema sp. RFLP type MY3 showed the highest patho

genicity at 15°e among 10, 15, 20, and 25"C. The patho

genicity of isolates SaMt28, NnSk47 and HkSb84 was 

80 -
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Nematode isolates/species I 

Fig. 1. Effect of 17 steinernematid isolates (ten species) on mortality (mean ± SE, n = 3) of the middle 
instar larvae of Peridoroma sallcia at 20°C at 10 days after treatment. 
I See Table 1. 
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almost comparable to that of S. feltiae and S. litorale at 

lSoC. However at 10, 20 and 2SoC, the pathogenicity of 

Steinernema sp. RFLP type MY3 was relatively lower than 

that of S. feltiae and S. litorale. Steinernema sp. RFLP type 

MY6 NnSkSO at 10, IS and 20°C showed almost the same 

level of pathogenicity, which was relatively lower than that 
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a a 
a 

Steinernema jeltiae HkEr36 

a 

ae 

be S. feltiae RsSh 131 

a 

b 

Steinernema sp. b 

RFLP type MY3 SaMt28 

b 

Steinernema sp. 
RFLP type MY3 

HkSb84 

be 

of S. feltiae and S. litorale (Fig. 2). Accordingly judging 

from the first screening test, S. feltiae and S. litorale were 

selected for the next screening test. 

Second screening test: 

Steinernema feltiae HkEr36 caused more than 80% 

a 

a'IJ---IIa 

a 

S. feltiae HkHm26 

a 

a 

a 

S. litorale ItSi 144 

ae 

Steinernema sp. 
RFLP type MY3 NnSk47 

a 

Steinernema sp. 
RFLP type MY6NnSk 50 

7 10 15 20 25 30 7 10 15 20 25 30 

Temperature (OC) 

Fig. 2. Effect of different temperature conditions on mortality (mean ± SE, n = 3) of the middle instar larvae of 
Peridoroma sauda, caused by h·eatment with eight steinernematid isolates (four species). Mortality of larvae was 
recorded at 15 days (7"C) and 10 days (1O-30'C) after treatment. Means with the same lower case letter are not 
significantly different at 5 % level between temperature conditions in each isolate according to Tukey's HSD test. 
1 Abbot's (1925) conh-ol-adjusted mortality. This is also applied to Figs. 3, 5, 6, and 7. 
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b 
S. litorale CbSr95 

a 

S. litorale IbKt142 

a 
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ae 

S. litorale ItSi 144 

a 
a 

S. litorale HkEr37 

a JlI---lllit<> 

b 
S. feltiae HkEr36 

7 10 15 20 25 30 

Fig, 3, Effect of different temperature conditions on mortality (mean ± SE, n = 3) of the middle instar larvae of 
Peridoroma saucia, caused by h'eatment with eight isolates of Steinernema litorale and two isolates of S. feltiae, 
Mortality of larvae was recorded at 15 days (4-1O°C) and 10 days (15-30°C) after treatment. Means with the same 
lower case letter are not significantly different at 5% level between temperature conditions in each isolate accord
ing to Tukey's HSD test. 
1 See Fig. 2. 
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mortality at 7 to 20°C, which was significantly higher than 

mortality at 4,25 and 30°C. The mortality of the larvae was 

highly reduced at 4 and 25°C. Isolate HkHm26 caused more 

than 80% mortality at 10, 15 and 20°C, which was signifi

cantly higher than mortality at 7 and 30°C. At 25°C there 

was no significant difference between the pathogenicity of 

HkEr36 and that of HkHm26, and at 7°C the pathogenicity 

of HkEr36 was significantly higher than that of HkHm26 

(Fig. 3). Accordingly, isolate HkEr36 was selected as a can

didate for the next screening test among S. feltiae isolates. 

The Sakhalin isolate RsSh131 caused no mortality in the 

second screening. Therefore, the mortality data of RsSh131 

is not given in Fig. 3. 

Steinernema litorale AiAt199 caused more than 80% 

mortality at 15 and 20°C, and the mortality of the larvae 

was significantly reduced at 10 and 30°C. Isolates CbSr95 

and IbKt142 caused more than 70% mortality between 10 

and 25°C, and the mortality was significantly reduced at 7 

and 30°C. Isolate CbWd140 caused more than 80% mortali

ty between 10 and 20°C, and the mortality was significantly 

reduced at 7 and 30°C. Isolates IbDg157, HkSf16 and 

HkEr37 caused more than 80% mortality between 15 and 

25°C, and the mortality was significantly reduced at 7 and 

30°C. Isolate ItSi144 caused more than 60% mortality 

between 10 and 25°C, and the mortality was significantly 

reduced at 30°C but not at 7°C. Among the eight isolates, 

isolates CbSr95 and IbKt142 were highly pathogenic over a 

broad temperature range, i.e. more than 70% mortality at 

10 to 25°C. The pathogenicity of isolate IbKt142 at 10 and 

25°C was relatively higher than that of CbSr95. Therefore, 

isolate IbKt142 was selected as a candidate isolate for the 
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4. Effect of Steinemema !itorale IbKtl42, applied at 500, 1,000, 
2,500, 5,000, and 10,000 infective juveniles (I]s)/cup, on mortal
ity (mean ± SE, n = 3) of the late instar larvae of the cutwonn, 
Agrotis segetum, at 15()C at 10 days after treatment. 
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Fig. 5. Effect of different temperature conditions on mortality (mean 
± SE, n = 3) of the late instar larvae of Agrotis segetum, 
caused by treatment with four steinernematid isolates (four 
species) respectively. Mortality of larvae was recorded at 30 
days (70C), 15 days (lOQ, 10 days (15 and 20°C), and 5 days 
(25,30 and 35°C) after treatment. Means with the same lower 
case letter are not significantly different at 5% level between 
temperature conditions and means with the same upper case 
letter are not significantly different at 5% level between stein
ernematid species at the same temperature condition, accord
ing to Tukey's HSD test. 
1 See Fig. 2. 
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next screening test among S. litorale isolates. 

Judging from the second screening test, S. /eltiae 
HkEr36 and S. litorale IbKt142 were selected for the next 

screening test. 

Third screening test: 

The first and second screening tests did not identify 

any steinernematid species/isolates which showed high 

pathogenicity at temperatures greater than 25°e. In con

trast Yoshida (2007) reported that S. abbasi Onlr 181 from 

"Iriomote-jima Is." in a subtropical region showed high 

pathogenicity against late instar larvae of A. segetum at 25 

and 30
0

e. Therefore S. abbasi was added to the present test. 

The mortality of A. segetum caused by S. abbasi Onlr181 

was used in "Results" and "Discussion" after cOlTecting and 

modifying the mortality data from Yoshida (2007). 

As S. litorale IbKt142 showed 100% mortality against 

middle instar larvae of A. segetum at 15°C within 10 days 

after treatment (Fig. 3), the nematode numbers which 

caused 100% mortality against the late instar larvae of A. 
segetum at 15°e within 10 days was also adopted in the 

third screening test. At 15°e, 10,000 Us caused 100% mor

tality in all three replications, 5,000 and 2,500 Us caused 

more than 67% mortality, 1,000 Us caused 40% mortality, 

and 500 Us caused about 27% mortality (Fig. 4). 

Accordingly, 10,000 Us/cup was adopted as the application 

rate. This application rate cOlTesponds to about three times 

the standard application rate of nematode insecticide prod

ucts (25 Us/cm2 (Shapiro-Ilan et aI., 2006)). 
The third screening test using the late instar larvae of 

two noctuid species selected S. litorale IbKt142 and S. 
abbasi Onlr181 and the low temperature pathogenicity of 

the former and the high temperature pathogenicity of the 

latter were recognized as being superior to S. carpocapsae 
All as described below. 

Pathogenicity comparison by using the late instar larvae of 

A. segetum: 
Steinernema litorale IbKt142 caused more than 80% 

mortality at 7 to 25°C, and the mortality was significantly 

reduced at 30
0

e. The isolate S. /eltiae HkEr36 caused more 

than 60% mortality at 10, 15, 20, and 25°e, and the mOliali

ty was significantly reduced at 7 and 30°C. Steinernema 
abbasi Onlr181 caused more than 80% mortality at 25 and 

30
0

e, and the mortality was significantly reduced at 20 and 

35°e (the modified data derived from Yoshida (2007)). 

Steinernema carpocapsae All caused more than 70% mor

tality at 20 and 25°e, and the mortality was highly reduced 

at 10 and 35°e (Fig. 5). 

Among these four isolates, S. litorale IbKt142 consis

tently caused high mortality between 7 and 25°e and S. 

34 

20l0{f 12 fl 

abbasi Onlr181 caused high mortality between 25 and 30
0

e. 

Only S. abbasi Onlr181 caused mortality at 35t (Fig. 5). 

The pathogenicity of S. litorale IbKt142 was significantly 

higher than that of S. /eltiae HkEr36 at 7 and 100e and that 

of S. carpocapsae All at 7,10 and 15°e, and relatively high

er than that of S. /eltiae HkEr36 at 15, 20 and 25°e, and that 

of S. carpocapsae All at 20 and 25°C. The pathogenicity of 

S. abbasi Onlr181 was significantly higher than that of S. 
caJpocapsae All at 30 and 35°e and relatively higher than 

that of the latter at 25°e. At 25°e, s. litorale IbKt142 and S. 
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Fig. 6. Effect of different temperature conditions on mOltality (mean 
± SE, n = 3) of the late instar larvae of Spodoptera fitura, 
caused by h-eatment with three steinernematid isolates (three 
species) respectively. Mortality of larvae was recorded at 15 
days (7°C), 10 days (lOOC), 5 days (15°C), 2 days (20 and 25°C), 
and 3 days (30 and 35°C) after treatment. Means with the 
same lower case letter are not significantly different at 5% 
level between temperature conditions in each steinernematid 
species and means with the same upper case letter are not sig
nificantly different at 5% level between steinernematid 
species at the same temperature condition, according to 
Tukey's HSD test. 
1 See Fig. 2. 
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1 See Fig. 2. 

abbasi Onlr18l showed the same level of pathogenicity. 

However there was no significant difference among these 

four isolates in mortality at 25°e (Fig. 5). Consequently S. 
litorale IbKtl42 and S. abbasi Onlrl8l were examined for 

pathogenicity against S. litura in order to compare it with 

that of S. carpocapsae All. 

Pathogenicity against the late instar larvae of S. litura: 
Steinernema litorale IbKtl42 caused 100% mortality 

between 7 and 25°e, and the mortality was significantly 

reduced at 30
o
e. Steinernema abbasi Onlrl8l caused more 

than 75% mortality at 25, 30 and 35°e, and did not cause 

any mortality at 20°C. Steinernema carpocapsae All caused 

almost 100% mortality at 15 to 30
0

e and the mOliality was 

slightly reduced from 15 to 7°e but significantly reduced at 

:35°e (Fig. 6). 

Among these three isolates, S. litorale IbKtl42 consis

tently caused high mortality between 7 and 25°e, S. abbasi 
OnIr18l caused high mortality between 25 and 35°e, and S. 
carpocapsae All consistently caused high mortality between 

15 and 30oe. There was no significant difference among 

these three isolates in mortality at 25°e. The pathogenicity 

of S. litorale IbKtl42 was significantly higher than that of 

S. carpocapsae All at 7 and 10
o
e. The pathogenicity of S. 

abbasi Onlr181 and S. caJpocapsae All was significantly 

higher than that of S. litorale IbKtl42 at 30
o
e. The patho

genicity of S. abbasi Onlr181 was significantly higher than 

that of S. caJpocapsae All at 35°e (Fig. 6). 

Low temperature pathogenicity of S. litorale IbKtl42: 

As it took more than 25 days for S. litorale IbKtl42 to 

cause 80% mortality of the late instal' larvae of A. segetum 
at 7°e, changes in mortalities of A. segetum at 7°e and 

100e and S. litura at 7°e and lOne were graphed as the 

cumulative mortality respectively (Fig. 7). It took more than 

10 days at 7°e and more than five days at lOne until the 

isolate caused the death of A. segetum. On the other hand, it 

took more than five days at 7°e and five days or less at 

lOne until the isolate caused the death of S. litura (Fig. 7). 

The isolate caused 100% mortality of A. segetum at lOne 

(15 days) and S. litura at 7°e (15 days) and 10°C (10 days), 

but did not cause 100% mortality of A. segetum at 7°e (Fig. 

7). At 7°e S. litorale IbKtl42 had extremely reduced patho

genicity against the late instar larvae of A. segetum. 
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DISCUSSION 

Through the first and second tests at variable tempera

ture conditions, S. litorale IbKt142 and S. /eltiae HkEr36 

showed high pathogenicity at the broadest temperature 

range among the tested indigenous steinernematid 

species/isolates. In the third test S. litorale IbKt142 caused 

higher mortality of the late instar larvae of A. segetum at 7 

and lOoe than S. /eltiae HkEr36 did and showed high path

ogenicity consistently between 7 and 25°C (Fig. 5). 

Accordingly the present screening test selected S. litorale 
IbKt142 as a promising biological control agent, especially 

since it was characterized as having low temperature patho

genicity. Moreover, S. litorale IbKtl42 showed higher path

ogenicity against the late instar larvae of A. segetum. at 7, 

10 and 15°C (Fig. 5), S. litura at 7 and lOoe (Fig. 6) and corn 

earwonn, Helicoverpa armigera (Hubner, 1808) (Noctuidae), 

at 25°C (Yoshida, unpublished data) than S. carpocapsae 
All did. However, S. litorale IbKt142 showed lower patho

genicity against A. segetum and S. litura at 30°C than S. 
carpocapsae All did and all indigenous isolates used for the 

first and second tests had reduced pathogenicity at 25 or 

30°C and above (Figs. 2 and 3). Consequently, with the 

entry of a subtropical species S. abbasi OnIr181, the 

screened isolates were compared for their pathogenicity 

against A. segetum with S. carpocapsae All. Although the 

mortality at 25°C was almost at the same level among 

them, S. abbasi Onh-181 caused significantly higher mortali

ty at 30 and 35°C (Fig. 5) (Yoshida, 2007). Steinernema 
abbasi OnIr181 was also highly pathogenic against the late 

ins tar larvae of S. litura at 25, 30 and 35°C (Fig. 6). 

However, S. abbasi OnIr181 had significantly reduced path

ogenicity at 20°C. Consequently, it is considered that S. 
abbasi OnIr181 could complement the efficacy of S. litorale 
IbKt142 at 30 and 35°C. As both species showed the same 

level of pathogenicity at 25°C, their interaction between 20 

and 30°C should be examined in order to evaluate the possi

bilities of their combined use. The combined utilization of S. 
litorale IbKt142 and S. abbasi OnIr181 might provide a 

powerful pest management strategy which could control 

various lepidopteran pests over a wide temperature range 

throughout the four seasons. 

In the present study, the target of control by the EPNs 

was the soil-dwelling larval stage, i.e. middle and late instar 

larvae of A. segetum and late instal- larvae of S. litura. The 

late instar larval stage of A. segetum and S. litura are 

important agricultural pests and it is difficult to control 

them by chemicals as they stay in soil. The middle and late 

instar larvae of the fonner cut plant stems of young plants 

around the soil surface or injure the vegetative growing 
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point and the late instars stay dispersed in soil around 

young plants during daytime. Therefore, cutworms over 

the middle instar often cause significant yield losses, 

though the population density usually decreases remark

ably at early instar (Kubota et al., 1974; Ohiro and Ozaki, 

1975; Ozaki, 1976). The early instar larvae of the latter usu

ally cause almost no damage to plants, over the fourth 

instar the amount of food ingested increases and the sixth 

instar larvae ingest 85% of the total amount of food con

sumed by larvae. As the species usually has a nocturnal 

habit over the fourth instar, it often hides under fallen 

leaves, covertures or the soil surface during daytime. 

Accordingly, overlooking the feeding marks caused by the 

early instal' larvae can result in losses on crops and vegeta

bles by the late instar larvae (Oyama, 1979). The normal 

habitat of EPNs is in soil and the main target of the patho

genic study was the late instal' larvae of noctuid moths_ The 

control of the late instal' larvae suppresses the next genera

tion and should cause a reduction in the field population of 

the target pest. 

Agrotis segetum. overwinters in the late instar larval 

state, the larvae after overwintering injure young plants of 

various crops and vegetables in spring and the next genera

tions injure plants from spring to autumn being emergent a 

few times/year (Kubota et al., 1974; Ohiro and Ozaki, 1975; 

Ozaki, 1976). Therefore in the control of A. segetum, it is 

important to suppress the overwintering population. The 

low temperature pathogenicity of S. litorale Ibkt142 could 

provide a biological control technique against the cutwonns 

after and before hibernation. In the present screening, it 

took for more than ten days at 7°C until the nematode killed 

the late instar larvae of A. segetum (Fig. 7) and the screen

ing was conducted under conditions that nematodes could 

reach the test insects without any difficulty. In order to esti

mate whether S. litorale IbKt142 could demonstrate efficacy 

in the field at low temperatures, the host-searching and 

infection abilities at low temperatures should be studied. In 

an agricultural field at Tsukuba, it was confirmed that S. 
litorale Ibkt142 showed the ability to survive for about one 

year (yoshida, unpublished data). Accordingly, if S. litorale 
Ibkt142 possesses low temperature infection ability and can 

demonstrate the ability in agricultural fields, we can expect 

S. litorale Ibktl42 to provide a technique for preventive 

application against pest populations before and after hiber

nation between late autumn and early spring. However, 

Hasegawa and Chiba (1969) reported that the lower thresh

old temperature for development of A. segetum larvae was 

4.2°e. So for management of A. segetuln larvae in winter 

season, it might be necessary to examine the pathogenicity 

of S. litorale IbKt142 at 4°C, or to search for new isolates 
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Table 2. Environmental conditions at isolate detection site. 

Location of Elevation Climatic Observation station Min. / mean / max. Species Isolate code the site (m) region 1 
near the isolation site temperature ee) 4 (elevation (m)) 2 

Steinemema feftiae HkHm26 Coast <5 CT Kitamiesashi (6.7) 2.2/ 5.6 / 9.2 
HkEr36 Coast (Beach) <5 CT Urakawa (33.5) 4.4/7.7/11.0 
RsSh131 Coast <5 SA JuzhnoSahalinsk 3 -- / 2.2 /-- 3 

s: !?raussei HkHm22 Coast <5 CT Kitamiesashi (6.7) 2.2/5.6/9.2 
s: lillshidai KsYk194 Coast < 10 WT Yakushima (36.4) 16.1 / 19.1 /22.2 
s: litorale AiAt199 Coast <10 WT. Irako (6.2) 12.3/ 15.5 / 19.2 

CbSr95 Coast (Beach) <5 WT Tateyama (5.8) ILl / 15.5 / 19.9 
CbWd140 Coast (Beach) <5 WT Katsuura (11.9) 11.9/ 15.3 / 19.0 
IbKt142 Coast (Beach) <5 WT Onahama (3.1) 8.9/ 12.9 / 17.0 
IbDg157 Mountain 300-400 WT Shirakawa (353.6) 6.7/ ILl / 16.0 
ItSi144 Plain 100-200 CT Morioka (155.2) 5.3/9.8/14.8 
HkSf16 Coast (Beach) <5 CT Kitamiesashi (6.7) 2.2/ 5.6 / 9.2 
HkEr37 Coast (Beach) <5 CT Urakawa (33.5) 4.4/7.7/11.0 

S. monticolum YgMm26 Mountain 300 CT Shinjo (105.1) 6.6/ 10.7 / 15.3 
Sieinemema sp. RFLP type MY3 SaMt28 Mountain 700-800 WT Unzendake (677.5) 9.1 / 12.5 / 16.5 

YnEn82 Mountain 1,000-1,100 CT Kawaguchiko (859.8) 4.9/ 10.1 / 15.8 
NnSk47 Mountain 1,000 CT Karuizawa (999.1) 2.7/7.7/13.6 
FsKy29 Mountain 1,000 CT Nikko (1297.9) 2.6/6.6/ 10.7 
HkSb84 Plain <50 CT Muroran (39.9) 5.9/8.4/ 11.2 

Steinemema sp. RFLP type MY5 YnEn68 Mountain 1,000 CT Kawaguchiko (859.8) 4.9/ 10.1 / 15.8 
Steillemema sp. RFLP type MY6 NnSk50 Mountain 1,000 CT Karuizawa (999.1) 2.7 / 7.7 / 13.6 
Steinemema sp. RFLP type MY7 HkBk356 Shore of Lake 50 SA Nemuro (25.8) 2.7/ 5.9 / 9.3 
Steinemema sp. RFLP type MY8 OyTm58 Coast (Beach) <5 20-30 Okayama (3.3) 11.7/15.8 / 20.3 

1 Climatic division based on Warmth Index (Nakamura et af., 1996), CT: Cool temperate; SA: Subarctic; WT: Warm temperate. 
2 After Anon. (1991). 
:j After Association of Professional Companies in Industry of Climate (1999). 
: ~\nnual mean of monthly normal (1961-1990), after Anon. (1991). 

with activity at temperatures lower than 4°C. As A. sege
I mJ1 occurs and invades from surrounding areas also in 

summer season and S. litorale IbKtl42 was less pathogenic 

temperatures greater than 25°C, in order to control A. 
segetum larvae throughout the four seasons, a technique 

combining a preventive application of S. litorale IbKtl42 

and an additional application of S. abbasi OnIr18l against 

populations occurring/invading in summer season 

needs to be developed. 

The first and second tests also indicated the inh-aspe

cific variation in the influence of temperature on the patho

genicity. Steinernema feltiae and S. litorale showed interest

intraspecific variation. Some isolates detected from 

warmer regions caused higher mOliality at lower tempera

than some isolates detected from cooler regions did. In 

case of S. feltiae HkEr36 and HkHm26 from Hokkaido, a 

cool temperate region, it was consistently highly pathogen

ic against the middle instar larvae ofF. saucia between 7 or 

and 25°C. However RsSh13l from Sakhalin, a subarctic 

region, had significantly reduced mortality at 10°C (Table 

2; Fig. 2). At the second screening test using the middle 

instal' larvae of A. segetum, HkEr36 also consistently 

-37 

showed high pathogenicity between 7 and 20°C and 

HkHm26 did between 10 and 20°C (Fig. 3). The isolation 

site of HkEr36 is considered to be warmer than that of 

HkHm26 (Table 2). A similar situation to that in S. feltiae 
was observed also in the case of S. litorale, i.e. Honshu iso

lates, CbSr95, CbWd140, IbKtl42, and ItSil44, caused high

er mortality at low temperatures than Hokkaido isolates 

did. Especially CbSr95 and Cb W d140, which were detected 

from a warm region, southern Boso Peninsula, showed high 

pathogenicity at 10°C, the same as IbKtl42 and ItSi144 

from a northern region of Honshu and S. feltiae (Table 2; 

Fig. 3). The lower side of the temperature range of Honshu 

isolates of S. litorale was the same as that of S. feltiae, 
whereas the lower side of the temperature range of 

Hokkaido isolates of S. litorale was higher than that of S. 
feltiae. Steinernema litorale morphologically and molecular

ly closely resembles S. feltiae, the reproductive isolation 

between them is incomplete and both species were isolated. 

from similar habitats in Hokkaido and have been isolated 

sympatrically (Kuwata et al., 2006; Yoshida, 2004). 

Accordingly the difference in the temperature range caus

ing significantly high mortality might act as an ecological 



isolation on their infectivity and host selection between 

these closely related species occurring in the same habitat. 

In contrast, unlike with EPN fauna in Hokkaido, S. /eltiae 
has not been detected in Honshu and Honshu isolates of S. 
litomle occur in a similar habitat to that of Hokkaido iso

lates (Yoshida, 2004). Therefore it is possible that some 

Honshu isolates of S. litorale acquired or re-established 

infectivity at lower temperatures. 

In contrast, Steinernema sp. RFLP type MY3 almost 

did not indicate the intraspecific variation in the tempera

ture range showing high pathogenicity, although the 

species occurs widely in Japan, from Hokkaido in a subarc

tic region to Amami-Oshima Is. in a subtropical region 

(Yoshida et al., 1998; Yoshida, unpublished data). Namely, 

all of the four isolates of Steinernema sp. RFLP type MY3 

from Kyushu, Honshu and Hokkaido caused the highest 

mortality at 15°e against the middle instar larvae of P. 
saucia and had drastically reduced pathogenicity at lOoe 

and abruptly reduced at 25°e (Fig. 2, data of FsKy29 was 

not shown), independent of the mean temperature of the iso

lation site, i.e. SaMt28 was detected from a waml temperate 

region and NnSk47, FsKy29 and HkSb84 were detected 

from a cool temperate region (Table 2). In the preliminary 

test at 15°e, FsKy29 showed high pathogenicity against the 

late ins tar larvae of Mythimna separata (Walker, 1865) 

(Noctuidae) and SaMt28 also showed high pathogenicity 

against the middle instal' larvae of S. litum. Steinernema sp. 

RFLP type MY3 might be adapting to the natural host 

occwTing at around 15°e. 

In the case of the three steinemematid species men

tioned above, it is considered that the ambient temperature 

condition of their isolation sites did not affect the tempera

ture range causing high mortality. That is to say, isolates 

collected from cool environments have not always showed 

high pathogenicity at lower temperatures. Meanwhile, S. 
monticolwn and S. kraussei are known as EPNs active at 

cold temperatures (Koppenhbfer et al., 2000; Long et al., 
2000; Willmott et al., 2002). Koppenhbfer et al. (2000) indi

cated that the thermal activity range of S. monticolum cor

responds well to the climate of the area where S. monti
colum was isolated in a mountainous region of southem 

Korea. Gywnn and Richardson (1996) collected EPNs from 

areas of the UK with lower average temperatures and Long 

et al. (2000) selected an isolate of S. kraussei among the iso

lates as a potential bioconh'ol agent against the black vine 

weevil, Otiorhynchus sulcatus (Fabricius, 1775), (Curculion

idae, Coleoptera) at low temperatures. The Japanese isolate 

of S. kraussei HkHm22 also showed high pathogenicity 

against the last ins tar larvae of the pine sawyer beetle, 

Monochamus alternates Hope, 1842 (Cerambycidae, 

201 O:ff- 12 fl 

Coleoptera), at 7 and lOt (Aikawa and Yoshida, 2006). 

These reports and the results from the present screening 

indicate that in order to identify isolates which show high 

pathogenicity at low temperature, we should examine the 

pathogenicity of isolates from Walm environments as well 

as isolates from cool environments in Japan. Whereas in 

order to identify isolates which are highly pathogenic at 

high temperatures, another type of survey and research are 

needed, as all of the isolates used in the first and second 

screening tests had reduced pathogenicity at more than 

25°e and S. abbasi had reduced pathogenicity at 35°e 

ACKNOWLEDGEMENTS 

The author is grateful to Dr. O. Saito, National Institute 

for Agro-Environmental Sciences (NIAES) (present: Bio-ori

ented Technology Research Advancement Institution), and 

Dr. S. Yoshimatsu, NIAES, for providing some noctuid 

species and instructions on how to rear the noctuid species. 

I am indebted to Mr. H. Tanabe, SDS Biotech K.K., for pro

viding S. carpocapsae All and S. litum, Mr. H. Oida, Chiba 

Prefectw'al Agriculture and Forestry Research Center, for 

providing S. litura, and Ms. A. Nakamura, formerly of 

National Agricultural Research Center, Ms. 1. Mikawa, 

NIAES, and Ms. Suenaga, formerly of NIAES, for rearing 

noctuid moths. 

This work was supported in part by project research 

programs of Ministry of Agriculture, Forestry and 

Fisheries, "Integrated research on development of innova

tive techniques for implementation of sustainable agricul

ture" (1999-2003) and "Development of new biorational 

techniques for sustainable agriculture" (2004-2008), and 

Genebank Project (Exploration and Introduction of 

Microbial Genetic Resources) of National Institute of 

Agrobiological Sciences. 

LITERATURE CITED 

Abbot, W. S. (1925) A method of computing the effective

ness of an insecticide. Journal of Economic Entomology 

18, 265-267. 

Aikawa, T. and Yoshida, M. (2006) Pathogenicity of some 

entomopathogenic nematodes (Steinernema spp.) from 

Japan against the pine sawyer beetle larvae, 

Monochamus alternatus under low temperature condi

tion. Transactions of the 117th Annual Meeting of 

Japanese Forestry Society, 295, (in Japanese) 

Ando, Y. (1995) Field population of Steinernema kushidai 
two years after application and the reduction of 

scarabaeid beetle damage to sweet potato. Proceedings 

of Association for Plant Protection of Kyushu 41, 85-87. 

(in Japanese) 

38-



Vol. 40 No.2 Nematological Research December, 2010 

Anon. (1991) Climatic table of japan vol. 1, monthly nor

mals 1961-1990, extremes up to 1990. japan 

Metrological Agency, Tokyo, 476 pp. (in japanese with 

English Explanatory Notes) 

Anon. (1999) Snip 23-01-99 Factory climatology. 

Association of Professional Companies in Indush-Y of 

Climate. Available from http://apic.ru/standards/pdf/ 

standards/snip/snip23-01-99_3.pdf (accessed 9 july 

2010). (In Russian with English headline) 

Bedding, R. A and Akhurst, R. ]. (1975) A simple technique 

for the detection of insect parasitic nematodes in soil. 

Nematologica 21,109-110. 

Fujiie, A (1998) Steinernema carpocapsae. In: A Complete 

Guide to Agriculture, Chapter of Pest Control and 

Resources, 11, Rural Culture Association japan, Tokyo, 

155-159. (in japanese) 

Fujiie, A, Tachibana, M., Tanaka, Y., Yokoyama, T., 

Suzuki., N. and Uechi, T. (1995) Effects of tempera

ture on insecticidal activity of an entomopathogenic 

nematode, Steinernema kushidai (Nematoda: Steiner

nematidae), against Anol1wla cuprea (Coleoptera: 

Scarabaeidae) Larvae. Applied Entomology and 

Zoology 30, 23-30. 

Gaugler, R. (ed.) (2002) Entomopathogenic nematology. 

CABI Publishing, Wallingford, 388 pp. 

Georgis, R., Koppenhofer, A M., Lacey, L. A, Belair, G., 

Duncan, L. W., Grewal, P. S., Samish, M., Tan, L., TOlT, 

P. and van Tol, R. W. H. M. (2006) Successes and fail

ures in the use of parasitic nematodes for pest control. 

Biological Control 38, 103-123. 

Griffin, C. T (1993) Temperature responses of entomopath

ogenic nematodes: implications for the success of bio

logical control programmes. In: Nematodes and the 

Biological Control of Insect Pests. (Bedding, R., 

Akhurst, R. and Kaya, H., eds.), CSIRO Publications, 

East Melbourne, 115-126. 

Gywnn, R. L. and Richardson, P. N. (1996) Incidence of ento

mopathogenic nematodes in soil samples collected from 

Scotland, England and Wales. Fundamental and 

Applied Nematology 19, 427-431. 

Hasegawa, T and Chiba, T. (1969) Relations of temperature 

to development of the egg and larval stage of Agrotis 

ipsilon and Agrotis /ucosa (preliminary report). 

japanese journal of applied Entomology and Zoology 

13, 124-128. (in japanese with English summal-Y) 

Hominicl{, W. M. (2002) Biogeography. In: Entomopatho

genic Nematology. (Gaugler, R., ed.), CABI Publishing, 

Wallingford,115-143. 

Inoue, H., Sugi, S., Kuroko, H., Moriuchi, S. and Kawabe, A 
(1982) Moths of japan, Vol. 1. Kodansha Co., Ltd., 

-39 

Tokyo, 966 pp. (in japanese) 

Ishibashi, N. (1992) Contemporary issues and perspectives 

in basic studies and application of entomopathogenic 

nematodes. In: Progress in Nematology. (Nakazono, K, 
ed.), japanese Nematological Society, Tsukuba, japan, 

223-227. (in japanese) 

jPP-NET. (2009) IPM Database system. japan Plant 

Protection Association. Available from http://www. 

jppn.ne.jp/ipmdblfile/seinou_all.pdf (accessed 15 july 

2010). (in japanese) 

Kaya, H. K, Aguillera M. M., Alumai A, Choo, H. Y., de la 

Torre, M., Fodor, A, Ganguly, S., Hazr, S., Lakatos, T, 
Pye, A., Wilson, M., Yamanaka, S., Yang, H. and 

Ehlers, R.-D. (2006) Status of entomopathogenic nema

todes and their symbiotic bacteria from selected COUll

tries or regions of the world. Biological Control 38, 

134-155. 

Koppenhbfer A M., Ganguly, S. and Kaya, H. K. (2000) 

Ecological characterisation of Steinernema monticolum, 

a cold-adapted entomopathogenic nematode from 

Korea. Nematology 2,407-416. 

Kubota, A, Souma, S. and Masita, Y. (1974) Biology and 

conh'ol of cutwonns (Agrotis segetum). Annual Report 

of the Kanto-Tosan Plant Protection Society 21, 178-

182. (in japanese) 

Kurihara, ]., Kuwasawa, K., Teshima, G., Ihara, T., 

Hagiwara, Y., Ino, M. and Yoshimatsu, S. (2008) 

Occurrences of Peridroma saucia on vegetables and 

capture of adult moths by using the synthesized sex 

pheromon. Abstracts of the 52th Annual Meeting of 

japanese Society of Applied Entomology and Zoology, 

182. (in japanese) 

Kuwata, R., Shigematsu, M., Yoshiga, T., Yoshida, M. and 

Kondo, E. (2006) Intraspecific variations and phyloge

netic relationships of steinernematids isolated from 

japan based on the sequences of the ITS region of the 

nuclear rRNA gene and the partial mitochondrial COl 

gene. japanese journal of Nematology 36, 11-21. 

Long, S. ]., Richardson, P. N. and Fenion, ]. S. (2000) 

Influence of temperature on the infectivity of ento

mopathogenic nematodes (Steinernema and 

Heterorhabditis spp.) to larvae and pupae of the 

vine weevil Otiorhynchus sulcatus (Coleoptera: 

Curculionidae). Nematology 2, 309-317. 

Mamiya, Y. and Ogura, N. (1990) The dish'ibution of stein

ernematid nematodes in forest soil in japan. In: 

Development of Biological Integrated Control of 

Agricultural Pest by Beneficial Nematodes. (Ishibashi, 

N., ed.). Ministry of Education, japan, Grant No. 

6286006. Saga University, Saga, 9-16. (in japanese with 



English summary) 

Mamiya, Y., Nakamura, N., Sugimoto, K. and Yamaoka, Y. 
(1995) The difference in susceptibility between Larix 
kaemferi and L. gmelenii to the sawfly, Cephalcia sp., 

and a steinernematid nematodes as a factor of control

ling the sawfly in Tamagawa University Forest in 

Teshikaga. Transactions of the Japanese Forestry 

Society 106, 455-456. (in Japanese) 

Mamiya, Y., Ujiie, T., Nakamura, N., Ando, S. and 

Kikuzawa, W. (2001) Occurrence and distribution of 

entomopathogenic nematodes in forest soil in Eastern 

Japan and ecological characteristics of Steinernema sp. 

Bulletin of the Faculty of Agriculture, Tamagawa 

University 41, 1-19. (in Japanese with English summa

ry) 

Nakamura, K., Kimura, R. and Uchijima, Z. (1996) Climate 

in Japan. Nature in Japan Vol. 5. Iwanami-Shoten Co., 

Ltd., Tokyo, 262 pp. (in Japanese) 

Ohiro, S. and Ozaki, K. (1975) Damage of vegetables by lar

vae of Agrotis segetum. Proceedings of Association for 

Plant Protection of Shikoku 10, 83-88. (in Japanese with 

English surnmalY) 

Ogura, N. and Oya, S. (1992) Control of scarabaeid larvae 

with an entomopathogenic nematode, Steinernema 
kushidai. Plant Protection 46, 334-337. (in Japanese) 

Okamoto, D. and Okada, S. (1968) Studies on the tobacco 

cutworm, Prodenia litura Fabricius, as an insect pest of 

the forage crops. Bulletin of the Chugoku National 

Agricultural Experiment Station Series E2, 111-144. (in 

Japanese with English summary) 

Oya, S. and Kamiwada, H. (1990) Preliminary field tests for 

controlling scarabaeid larvae injurious to sweet potato 

by the Steinernema kushidai. Proceedings of Assoc

iation for Plant Protection of Kyushu 36, 126-128. (in 

Japanese) 

Oyama, M. (1979) OcculTence of agricultural pest, the com

mon cutworm in the field and its new control methods. 

Agriculture and Horticulture 54,537-543. (in Japanese) 

Ozaki, K. (1976) Biology and control of Agrotis segetum. 
Plant Protection 30, 230-236. (in Japanese) 

Phan, K. 1., Takemoto, S. and Futai, K. (2006) Steinernema 
ashiuense sp. n. (Nematoda: Steinernematidae), a new 

entomopathogenic nematode from Japan. Nematology 

20l0i f". 12 fj 

8,681-690. 

Shapiro-Han, D. 1., Gouge, D. H., Piggott S. ]. and Fife, ]. P. 

(2006) Application technology and environmental con

siderations for use of entomopathogenic nematodes in 

biological conti-o!. Biological Conti-ol 38, 124-133. 

Stock, S. P., Somsook, V. and Reid, A. P. (1998) Steinernema 
siamkayai n. sp. (Rhabditida: Steinernematidae), an 

entomopathogenic nematode from Thailand. 

Systematic Parasitology 41,105-113. 

Suzuki, N., Uechi, T., Tachibana, M. and Yamamoto, K. 
(2000) Control of scarabaeid beetle larvae with an ento

mopathogenic nematodes, Steinernema kushidai and 

their residual effects in turfgrass fields. Journal of 

Japanese Society of Turfgrass Sciences 29 (additional 

No.1), 84-85. (in Japanese) 

Takeda, M. (2008) CUlTent research of pest insects of veg

etables in last decade. Annual Report of Kansai Plant 

Protection 50, 39-44. (in Japanese) 

Willmott, D. M., Hart, A. ]. and Long, S. ]. (2002) Use of 

cold-active entomopathogenic nematode Steinernema 
kraussei to conti"ol overwintering larvae of the black 

vine weevil Otiorhynchus sulcatus (Coleoptera: 

Curculionidae) in outdoor strawberry plants. 

Nematology 4, 925-932. 

Yoshida, M. (2003) Intraspecific variation in RFLP patterns 

and morphological studies on Steinernema feltiae and 

S. kraussei (Rhabditida: Steinernematidae) from 

Hokkaido,Japan. Nematology 5, 735-746. 

Yoshida, M. (2004) Steinernema litorale n. sp. (Rhabditida: 

Steinernematidae), a new entomopathogenic nematode 

from Japan. Nematology 6, 819-838. 

Yoshida, M. (2007) A new distribution record of 

Steinernema abbasi Elawad, Ahmad and Reid, 1997 

(Rhabditida: Steinernematidae) in Japan with a note on 

its pathogenicity against the turnip moth larvae, 

Agrotis segetum (Lepidoptera: Noctuidae). Japanese 

Journal of Nematology 37, 51-61. 

Yoshida, M., Reid, A. P., Briscoe, B. R. and Hominicl<, W. M. 

(1998) Survey of entomopathogenic nematodes 

(Rhabditida: Steinernematidae and Heterorhabditidae) 

in Japan. Fundamental and Applied Nematology 21, 

185-198. 

Received: January 19, 2010 

-40-



Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

