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Abstract
Effects of insecticides and chemical and organic fertilizers on the persistence of infective juveniles (U) of the

entomopathogenic nematode, Steinernema abbasi, in soil were examined in the laboratory. Larval mortality of the greater wax
moth, Galleria mellonella, within 32 days caused by the nematode was regarded as the criterion for evaluating nematode
persistence in the soil containing fertilizers, while the number of nematodes in insect larvae was regarded as the criterion for the
insecticide experiments. In soil containing nondecomposed organic fertilizers, nematode persistence was low; whereas in soil
containing 0.5%~2.0% decomposed organic fertilizer made of cattle, pig, or chicken feces, nematodes persisted for 32 days.
However, in soil containing chemical fertilizers, nematode persistence was severely hampered. Steinernema abbasi was found to be
compatible with six commonly used insecticides in vegetables, i.e, omethoate, fenvalerate, permethrin, bifenthrin, acephate, and
cyromazine. These insecticides did not markedly affect nematode persistence in the soil.
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Table 1. Larval mortality (mean + SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 1Js) in soil
containing 1% animal feces after treatment R
) Mortality (%)
Animal
foces Treatment Days after releasing nematodes in sandy loam
0 2 4 8 16 32

Cattle Decomposed 100a? 94.0+ 5.5b 940+ 89a 86.0 + 11.4a 90.0 + 14.1a 82.0 + 13.0a
Nondecomposed 74.0 £ 11.4c 76.0 + 11.4c 56.0 + 19.5b 54.0 + 19.5b 32.0 + 13.0b 2.0+ 45b
Control 90.0 + 10.0b 100a 94.0 £ 5.5a 86.0 £ 11.4a 94.0 £ 5.5a 84.0 £ 15.2a
F value 14.59 22.18 9.57 467 16.17 52.73

Chicken  Decomposed 940+ 55a 920+ 84a 920+ 84a 800+ Tla 76.0 £15.2a 740 £ 114a
Nondecomposed 92.0+ 8.4a 80.0 + 15.8a 70.0 + 10.0b 46.0 + 11.4b 180+ 8.4b 0b
Control 90.0 + 10.0a 880+ 84a 920+ 84a 90.0 + 10.0a 820+ 84a 860+ 8.9a
F value 1.71 0.73 6.85 15.76 33.39 82.42

Pig Decomposed 9.0+ 7la 92.0+ 84a 9.0+ 7.la 90.0 + 10.0a 84.0 + 11.4a 76.0 + 5.5b
Nondecomposed 88.0+ 84a 82.0+ 8.4b 46.0 + 11.4b 40.0 + 12.2b 10.0 £ 17.3b 0c
Control 9200+ T.la 9.0+ 5.5a 88.0+ 84a 90.0 + 12.2a 880+ 84a 86.0 + 114a
F value 1.00 16.04 21.37 49.94 109.21 164.87

U There were five replicates in each treatment.

9 Means in the same column followed by the same lowercase letters are not significantly different at p < 0.05

by Fisher’s LSD test.

R= atRarsTRRESFETETERETERSEE 5 X HhaTt TR
Table 2. Larval mortality (mean + SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 1Js) in soil
with decomposed cattle feces at different concentrations after treatment”’

Larval mortality (%)
Conc. - -
® Days after releasing nematodes in sandy loam F value
0 2 4 8 16 32
0.5 100Aa? 96.0 £ 5.5abAB 940+ 8.9aAB 84.0 £ 11.4abBC  84.0 £ 11.4abBC  76.0 £+ 13.4aC 4.87
1.0 100Aa 940+ 55abAB 940+ 89aAB 86.0 + 11.4abB 90.0 £ 14.1aAB 82.0 £ 13.0aB 2.35
2.0 96.0+ 89abA 940+ 55abA 920+ 84abAB  88.0 £ 13.0aAB 86.0 + 11.4abAB  76.0 + 16.7aB 1.85
4.0 92.0 + 11.4abA  90.0 £ 10bA 88.0 + 13.0bA 66.0 + 16.7bB 72.0 + 13.0bB 34.0 +15.2bC 9.38
Control ~ 90.0 + 10.0bAB 100aA 940+ 5.5aAB 86.0 + 11.4abB 94.0 + 5.5aAB 84.0 £ 15.2aB 217
F value 2.51 1.1 2.06 2.01 3.01 6.50

U There were five replicates in each treatment.

2 Means in the same column followed by the same lowercase letters and in the same row followed by the same
uppercase letters are not significantly different at p < 0.05 by Fisher’s LSD test.
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R= aERBTEETRIREDSFEEETIEPITTERSEE 5 X haETE TR
Table 3. Larval mortality (mean + SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 1Js) in soil
with decomposed chicken feces at different concentrations after treatment”

Larval mortality (%)
Conc. - -
% Days after releasing nematodes in sandy loam F value
0 2 4 8 16 32
05 96.0 + 5.5abAB? 100aA 92.0 +84aABC 880+ 84aBCD 840+ 55aCD 80.0+ 7.1aD 6.49
1.0 940+ 5.5abA 92.0 £ 84abA  92.0 + 8.4aA 80.0 + 7.1aB 76.0 £ 15.2aB 74,0 £ 11.4aB 7.09
2.0 100aA 94.0 £ 5.5abAB  96.0 + 5.5aAB  88.0 + 13.0aBC 800+ 7.1aCD 76.0 + 11.4aD 6.58
4.0 96.0+ 5.5aA 94.0 £8.9abA  98.0 + 4.5aA 82.0 £ 13.0aB 380+ 84bC  22.0+148D  70.68
Control ~ 90.0 + 10.0bA 88.0 £ 8.4bA 92.0 £ 8.4aA 90.0 £ 10.0aA 820+ 84aA 860+ 89aA 0.79
F value 1.83 1.66 0.76 1.44 18.18 13.40

U There were five replicates in each treatment.
2 Means in the same column followed by the same lowercase letters and in the same row followed by the same
uppercase letters are not significantly different at p < 0.05 by Fisher’s LSD test.

RN BEREETRIREMFHEEE DIEPE TR A5 X NBTTE
Table 4. Larval mortality (mean + SD) of Galleria mellonella (n = 10) caused by Steinernema abbasi (500 1Js) in soil
with decomposed pig feces at different concentrations after treatment”

Larval mortality (%)

Cg}gc. Days after releasing nematodes in sandy loam F value
0 2 4 8 16 32

05 100Aa” 92.0 + 8.4aB 940+ 55aAB 880+ 84aBC 780+ 8.4aC 76.0 + 11.4abC 745

1.0 90.0 + 7.1bA 92.0 + 8.4aA 900+ 71aA  90.0 + 10.0aA 840+ 114aAB 760+ 5.5abB 2.31

2.0 94.0 + 8.9abA 88.0+84aAB 900+ 7.1aAB  90.0 £ 10.0aAB  78.0111.0aBC 620+ 8.4bC 5.13

4.0 90.0 + 7.1bA 90.0 + 7.1aA 90.0 + 12.2aA 70.0 + 14.1bB 36.0 £ 11.4hC 14.0 + 13.4cD 21.28

Control 900 + 7.1bA 96.0 + 5.5aA 880+ 84aA  90.0 +122aA 880+ 84aA  86.0+114aA 0.70
F value 3.69 0.90 0.49 3.66 16.32 19.26

U There were five replicates in each treatment.
9 Means in the same column followed by the same lowercase letters and in the same row followed by the same
uppercase letters are not significantly different at p < 0.05 by Fisher’s LSD test.
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Fig. 1. Larval mortality (mean + SD) of Galleria mellonella caused by Steinernema abbasi in soil with no. 1 fertilizer
(Taiwan Fertilizer Co.) for 32 days. * Means followed by the same letters are not significantly different in a
chart at p < 0.05 by Fisher’s LSD test.
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Table 5. Toxicity of 11 insecticides to Steinernema abbasi

Microscopic assessment of nematodes”

Mortality of nematodes after dipping in
insecticide for 48 h (%)

Insecticide Conc. (pug/ml) Conc. (ng/ml)

1000 500 100 10 1000 500 100 10
Oxamyl 4+ ++ +++ + 0 0 0 0
Omethoate +++ +++ + 0 0 0 0 0
Methomyl (SL) ++++ ++++ +++ ++ 0 0 0 0
Chlorpyrifos - - +++ +++ 100 100 8.8 0
Methidathion - - ++ +++ 100 100 4.8 0
Fenvalerate ++++ ++++ + 0 97.8 76.6 0 0
Permethrin - ++++ ++ 0 100 96.0 0 0
Bifenthrin - ++++ ++ 0 100 96.6 0 0
Acephate +++ ++ 0 0 0 0 0 0
Methomyl (WP) ++++ ++++ 4+ 4+ 8.4 0 0 0
Cyromazine + + 0 0 0 0 0 0

U 1Js apparently dead (motionless, straight posture, not responding to prodding); ++++, IJs still, in a curled,
coiled or straight posture, generally not responding to prodding); +++, less than 50% IJs mobile, generally in
a coiled or curled posture; ++, more than 50% IJs mobile; +, hardly affected compared to the control; 0,

normal.
2 One hundred IJs observed in five replicates.

Ko 0.5%RE )&t U ZREIR A 0.05%IRFFHLL (FF
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Fig. 2. Larval mortality (mean + SD) of Galleria mellonella (n = 4) caused by Steinernema abbasi (100 1Js/10 larvae)
which was treated with insecticides for 48 h.

RN @ERRTEREREEETRARBRERRMNBAATEI HE
Table 6. Number of Steinernema abbasi (200 1Js) established in larvae of Galleria mellonella in soil containing
insecticides after treatment”

No. of nematodes (mean + SD)

Insecticide Days after releasing nematodes in sandy loam F value
0 2 4 8 16 32
Omethoate 96.6 £ 20.9aA” 568 +135abB 434+ 82bBC 294 +10.1abCD 176 +57aDE 72+ 4.3aF 39.11
Fenvalerate 1124 £33.2aA  68.0+13.0aB 560+ 9.5abB 262+ 8.3bC 17.2 £ 7.9aC 7.0 + 3.8aC 32.65
Bifenthrin ~ 111.0 + 16.7aA  46.0 + 125bB 444+ 146abB  30.6+ 8.1abBC  158+59aCD 54 £2.1aD 50.20
Acephate 934+179aA  65.0+27.9abB  50.2 £ 10.0abBC ~ 30.0 + 10.1abCD 162+ 6.1aDE 5.8 + 3.7aE 21.41
Cyromazine 1048 +159aA  60.0+ 11.5abB 568+ 9.1aB 324 +10.0abC 15.8 + 7.6aD 8.0 + 7.3aD 59.68
Control 95.2+186aA  Tl4+ 77aB 554+ 68abC 3821+ 6.6aD 16.6 + 7.1aE 7.2 + 3.7aK 56.37
F value 0.77 1.54 1.96 117 0.06 0.21

D' There were five replicates in each treatment.

9 Means in the same column followed by the same lowercase letters and in the same row followed by the same

uppercase letters are not significantly different at p < 0.05 by Fisher’s LSD test.
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Effects of Fertilizers and Insecticides in Soil on the Persistence
of the Entomopathogenic Nematode, Steinernema abbasi
(Rhabditida: Steinernematidae)

Chih-Fang Pai and Roger F. Hou* Department of Entomology, National Chung Hsing University, Taichung 402, Taiwan

ABSTRACT

Effects of insecticides and chemical and organic fertilizers on the
persistence of infective juveniles (IJ) of the entomopathogenic nematode,
Steinernema abbasi, in soil were examined in the laboratory. Larval
mortality of the greater wax moth, Galleria mellonella, within 32 days caused
by the nematode was regarded as the criterion for evaluating nematode
persistence in the soil containing fertilizers, while the number of nematodes
in insect larvae was regarded as the criterion for the insecticide experiments.
In soil containing nondecomposed organic fertilizers, nematode persistence
was low; whereas in soil containing 0.5%~2.0% decomposed organic fertilizer
made of cattle, pig, or chicken feces, nematodes persisted for 32 days.
However, in soil containing chemical fertilizers, nematode persistence was
severely hampered. Steinernema abbasi was found to be compatible with six
commonly used insecticides in vegetables, i.e., omethoate, fenvalerate,
permethrin, bifenthrin, acephate, and cyromazine. These insecticides did not
markedly affect nematode persistence in the soil.

Key words: Steinernema abbasi, Gallaria mellonella, persistence,
insecticides, fertilizers
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