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(entomopathogenic nematode)

Heterorhabditidae

Steinernematidae

(Koppenhöfer and Fuzy, 2003)

Steinernema aciari S. akhursti

(Qiu et al., 2005a, b)

(soil texture)

(Kung, et al., 1990a, b, 1991; 

Fujiie, et al., 1995; Millar and Barbercheck, 

2002)

 

Steinernema glaseri

Steinernema carpocapsae

 (Steinernema abbasi) 
(Rhabditida: Steinernematidae)  

 

(pH)

(Steinernema abbasi) (infective juveniles; IJs)

IJs (Galleria mellonella)

S. abbasi 32

25 S. abbasi 32

15 30 35 25

4 16% S. abbasi 16

32 2% 94% 62% pH4

6 S. abbasi pH10

S. abbasi  
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(Kung, et al., 1990a; Hsiao 

and All, 1996) S. carpocapsae

S. 

glaseri (Kung, et 

al., 1991; Cheng and Hou, 1997)

Steinernema kushidai 20 30

(Fujiie, et al., 1995)  

S. carpocapsae  S. glaseri

2 4% (Kung, 

et al., 1991) S. kushidai 20 40%

(Anomala cuprea)

(Fujiie, et al., 1996)

pH S. 

carpocapsae pH4 8

S. glaseri pH

(Kung, et al., 1990b)

 

Steinernema abbasi 

(Rhabditida: Steinernematidae)

(infective juveniles, IJs)

(Liao et al., 

2001; Pai, 2004) Pai and Hou (2005)

(pH)

S. abbasi (insecticidal activity)

 

 

 
 

(Galleria mellonella) 
1999 2

250

(26 ± 1 70 ± 10% RH

13L 11D) ( 200 g

100 g 150 ml 150 ml)

IJs

(larval mortality)

 

 

 

(S. abbasi) 1998

(Liao, 

et al., 2001) 26 Dutky et 

al. (1964)

White (1927)

IJs 55 mm

20

IJs 100 ppm 

oxamyl solution

95%

 

 

 

(200

8 h) (12 mesh, 1.680 m/m)

(90% sand, 6% silt, 4% clay; 

pH6.7) (74% sand, 16% silt, 10% 

clay; pH6.3) (48% sand, 28% silt, 24% 

clay; pH6.8) (28% sand, 45% silt, 27% 

clay; pH6.5)  

 

S. abbasi  
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25 g ( 4.5 

cm 8.5 cm) 500 

IJs 4 ( ) × 6 

( ) × 5 ( ) = 120

(26 ± 1 70 ± 10% RH )

0, 2, 4, 8, 16 32

55 mm 10

(220〜260 mg) 48 h

8

10%  

 

S. abbasi  
25 g 500 

IJs 15 20 25

30 35

5 ( ) × 6 ( ) × 5 ( ) = 150

0, 2, 4, 

8, 16 32

10 25

48 h

8 10%  

 

S. abbasi
 

25 g Kung et 

al. (1991)

2 4 8 16% (w/w) (

3 min) 500 IJs

4 ( ) × 6 ( ) 

× 5 ( ) = 120

26

0, 2, 4, 8, 16 32

10

48 h

 

 

S. abbasi
 
Kung et al. (1990b)

glacial acetic acid sodium carbonate

pH4, 6, 8 10 25 g

500 IJs

4 ( ) × 6 ( ) × 5 ( ) = 

120

26 0, 2, 

4, 8, 16 32

10 48 h

8

10%  

 

 

Abbot’s formula (Abbott, 

1925) acsin-square-root 

transformation Fisher’s LSD test (p 

≤ 0.05)  

 

 
 

S. abbasi  

32

2 82

84% (F = 5.68; df 

= 3, 16) 8

56%

92% (F = 19.08; df = 

3, 16) 32

38.0% (F = 

115.59; df = 3, 16)
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(F > 2.62; df = 

5, 24)

32

86.0%  

 

S. abbasi  
15 4

20 35 (F = 6.10; 

df = 4, 20) 16 15

66% 20 35oC

86 92% (F = 2.63; df = 4, 20) 32

30 35 64%

25 (F = 2.85; df = 4, 20)

15

(F = 13.51; df = 4, 20) 20

30 35 16 32

25

32

(F = 2.57; df = 5, 24) ( )  

 

S. abbasi  
2 16% 16

 

32  
Table 1. Larval mortality (mean ± SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 IJs) within 

different soil textures for 32 days1) 

Larval mortality (%) 

Days after incubating nematodes in soil Soil texture 

0 2 4 8 16 32 

F value 

Sand 100aA2) 98.0 ± 4.5aA 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 ± 5.5aA 94.0 ± 8.9aA 96.0 ± 5.5aA 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 ± 5.5bB 48.0 ± 17.9bC 24.0 ± 15.2cD 14.0 ± 15.2cD 0cE 50.26 
F value 1.64 5.68 23.22 19.08 66.14 115.59 - 
1) Five replicates in each treatment. 
2) 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. 
 
 

32  
Table 2. Larval mortality (mean ± SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 IJs) at 

different soil temperatures for 32 days1) 

Larval mortality (%) 

Days after incubating nematodes in sandy loam 

Soil 
temperature 

( ) 
0 2 4 8 16 32 

F value 

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 ± 4.5AB2) 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. 
 
 



 S. abbasi   373

S. abbasi  
2 16% 16

(F = 0.55; df = 3, 16) 32

2%

(F = 3.54; 

df = 3, 16) 2 16%

32

62 86%  

 

pH S. abbasi  
pH4 pH6

32

pH8 pH10

(F > 2.62; df = 5, 

24) pH10 2

18% pH4 8

(F = 25.29; df = 3, 16) 4 pH10

88% (F = 56.75; df 

= 3, 16) 8 pH8

pH4 pH6 (F = 114.82; df = 

3, 16) ( )  

 

 
 

(S. abbasi)

32  
Table 3. Larval mortality (mean ± SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 IJs) under 

different soil water contents for 32 days1) 

Larval mortality (%) 

Days after incubating nematodes in sandy loam 
Soil water 
content (%) 

0 2 4 8 16 32 

F value 

2 96.0 ± 5.5Aa2) 94.0 ± 8.9aA 96.0 ± 5.5aA 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 ± 8.9aA 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 ± 4.5aA 98.0 ± 4.5aA 88.0 ± 8.4bB 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. 
 
 

pH 32  
Table 4. Larval mortality (mean ± SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 IJs) at 

various soil pH values for 32 days1) 

Larval mortality (%) 

Days after incubating nematodes in sandy loam Soil pH 

0 2 4 8 16 32 

F value 

4 92.0 ± 8.4Aab2) 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. 
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Croll and 

Matthews (1977) Qiu and Bedding (2000)

(glycogen) (trehalose)

Kung et al. 

(1990a) S. carpocapsae S. glaseri

Kung 

et al. (1990a) 1/9 S. 

abbasi S. 

glaseri S. abbasi

S. glaseri    

     

S. riobrave 

Heterorhabditis bacteriophora

(Shapiro, 

et al., 2000)

 

Cheng and Hou (1997) S. 

carpocapsae 4 32 10

(Kung, et al., 1991) S. 

abbasi

S. glaseri

S. kushidai 20 30

(Fujiie, et al., 1995) S. abbasi

20 35 32

15

15 35 S. abbasi

 

4 16% S. abbasi

S. carpocapsae

S. glaseri (Kung, et al., 1991)

S. abbasi

8 12% (Pai, C. F., unpublished 

data)

5%

(Koppenhöfer, et al., 1997; Grant and 

Villani, 2003)

 

pH4 8 S. abbasi

32

Kung et al. (1990b)

pH10 S. carpocapsae

pH8

8 pH10

pH6.9

7.8

pH S. abbasi

 

S. 

abbasi
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(93 -1.8.1- -B5(4) 94

-13.2.1- -B6)
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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 25oC for 32 days; whereas the nematode was less 
virulent when incubated at 15, 30, or 35oC. 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 
 
 

*Correspondence address 
e-mail: rhou@dragon.nchu.edu.tw 




