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ABSTRACT: Effect of different temperatures 011 infectivity and progeny production of 
indigenous entomopathogenic neluatode isolates, Steillernema carpocapsae PDnC EN 6.11, S. 
abbasi PDSe EN 3.1, S.tami PDBC EN 2.1, and Heterorhabditis indica pone EN (,.7}. ,'nue EN 
13.3 were studied under laboratory condition against Galleria mel/onella (Linnaells) and Agr(}ti.~ 
ipsilon (Hufnagel) final instar larv~\e. All isolates caused absolute mortality of tcst insect 
larvae, and produced progeny at 25 and 32" C. Low rate of infection or no infection was 
observed at lower ten-.peratures, 15 and S"C, respectively. Time re<luired to kill host insects hy 
all isolates showed difference at 15, 25 lmd 32" C. SllOrtest time for mortality of A. ipsi/ol/ and 
C. mellonella larvae was observed at 32" C followed by 25" e. Absolute mortality of larvae was 
observed with all isolates after 48 and 72 hours at 25" and 32" C, whereas the same was not 
achieved at IS" C even after 96 hours post exposure. Progeny production of all isolates varied 
with reference to tenlpcrature. Irrespective of isolates, 25"C was found suitable for infection 
and development of nelllatode populations. 
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INTRODUCTION 

Entomopathogcnic nematodes have 
long been used for suppressing soil inscc[ 
pests like white grubs (Gc01'gis amI Gaugler. 
1991) and cutworms (Simons and Guys. 1980). 
Black cutworm. Agrolis ipsiloll (Hufnagel) is .1 

soil dwelling polyphagous herbivore and is 
susceptible to cntolllopathogcnic nematodes 
(Capincra cf (If., II..)R;-<'). Sui II yres and tcmperatures 

are considered as important physical factors 
i nfl uenc i ng nematode mobi lily. efficacy, 
reproduction. development and persistence in the 
field (Kung, 1990). An attempt was made in the 
present study to find the influence of different 
tClnperature regimes on the infectivity and 
reproduction of some indigenous isolates of 
SrCiflcnlCm{{ spp. and Hctcrorlwbditis indica 
llsing A. ipsi/oll and Galleria lllcllmlc/la (Linmlells) 

as bost insects. 
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MATERIALS AND METHODS 

Greater wax moth culture 

Greater wax moth, G. mellonella larvae were 
reared on artificial diet as per procedure described 
by Singh (1994). All the stages of black cutworm, 
A. ipsiloll were maintained on artificial diet under 
laboratory condition (Blenk et a!., 1985). 

Nematode Cultures 

Steillernema abbasi PDBC EN 3.1, S. tami 
POBe EN 2.1, S. carpocapsae PDBC EN 6.11, S. 
glaseri, H. indica PDBC EN 6.71 and POBC EN 13.3 
isolated from different agro-climatic regions were 
cultured and propagated on final instar larvae of G. 
me/lo1/eJla. Infective juveniles were harvested 
through modified white traps at 24 hours interval 
and stored in distilled water at 25° C with 
intermittent aeration with an aquarium aerator. The 
infective juveniles stored for 120 hours under 
conditions mentioned above were used for the 
experiments. 

Inft..'Ctivity and developmental studies at different 
temperatures in lab 

Bioassays for infectivity were conducted in 
7cm plastic vials fi11ed with moist sterile soil (8% wi 
w) to a depth of 4 cm. Dosage of 180 and 20 Usl 
larva were used for inoculation of A. ipsilon and G. 
mel/onella, respectively. Nematode suspension 
having 180 and 20 IJsI ml was added separately to 
each container and were placed in incubators at 8, 
15.25 and 32°C. After acclimation for 24 hours at 
the temperatures mentioned, single final instar 
larvae of A. ipsilonl G. mellollella was added 
individually to each container. Plastic vials were 
covered in polythene bags to prevent desiccation. 
Larval mortality was determined at 24, 48, 72 and 96 
hours post inoculation. Each treatment consisted 
of 5 replications with two insects per replication. 
The study was conducted at Nematology 
Laboratory, Project Directorate of Biological 
Control, Bangalore during the period 2000-0 J. 

To study the influence of temperature on 
development, cadavers of A. ipsiloll and 
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G. mellollelia from infectivity assay were placed 
individually on modified white trap. The traps were 
incubated at original temperatures and checked 
daily for emergence of Us. The emerged Us 
were collected at regular intervals and the total 
number of infective juveniles emerged from each 
larva was computed by dilution count using stereo 
zoom microscope. Each treatment was replicated 
twice. 

For statistical analysis, the per cent mortality 
values were converted to arcsine transformation 
and the treatment effects were subjected to analysis 
of variance. Significance was tested at the 5 per 
cent level using Duncan's multiple comparison tests 
to separate the means and the effects were 
compared. 

RESULTS AND DISCUSSION 

The infectivity of different entompathogenic 
nematode isolates against final instar larvae of G. 
mellonella and A. ipsilon was variable at different 
temperatures. Temperature had a significant effect 
on time of host death by all nematode species! 
isolates tested. All the populations tested elicited 
faster and rapid rate of kill at 32° C followed by 
25° C. No infection of test insects was observed at 
8° C even after 7 days of exposure and this 
temperature was discontinued. Absolute mortality 
of G. mellonella larvae was achieved within 48 
hours at 25° and 32°C exceptS. (ami at 32°C whereas 
the same was not achieved even after 96 hours 
exposure at 15°C; this was further monitored up to 
7 days and there was no increase in mortality while 
the larvae pupated (Table 1). The maximum mortality 
observed was only 20 per cent with S. glaseri and 
S. tami at 48 hours exposure period. As the 
exposure period increased, mortality oHarvae also 
increased significantly and was 80 and 60 percent 
at 96hours exposure with the above isolates. Other 
isolates, S. carpocapsae and S. abbasi resulted in 
40 per cent mortality while H. indica only 20 per 
cent during the same period. The results indicated 
that higher temperatures, 25° and 32° C were better 
for infection process compared to 150 C in respect 
of all isolates of Sieinernem(l sp. or I/<'Ierorlwbditis 
sp. used in the study. 
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Table 1. Mean mortality of G. mellollella larvae by indigenous nematode isolates in soil assay at different temperatures 

.----
Nematode isolate Mortality of G. mellonella larvae at different temperatures and time intervals (%)* 

15° C 25° C 32° C 

24h 48 h 72h 96 h 24 h 48 h 72h 96 h 24h 48h nh 

S. abbasi 0.0 0.0 20.0 40.0 60.0 100.0 100.0 100.0 60.0 100.0 100.0 
(0.4) g (0.4) g (23.9) • (36.1) d (54.0) c (90.0) a (90.0) a (90.0); (54.0) c (90.0) a (90.0) a 

S. tami 0.0 20.0 60.0 60.0 60.0 80.0 100.0 100.0 60.0 60.0 60.0 
(OAP (18.2)' (54.0)" (51.2) c (51.2) c (66.2) b (90.0) a (90,0) a (54.0) c (54.0) c (54,0) c 

S. carpocapsae 0.0 20,0 40,0 40.0 60,0 100.0 100.0 100.0 60.0 100.0 100.0 
(0.4) g (20.9) e (39) d (36.1) d (54.0) , (90.0) • (90.0) • (90.0) a (54.0) c (90.0) a (90.0) a 

S. glaseri 0.0 20.0 60.0 80.0 60.0 100.0 100.0 100.0 80.0 100.0 100.0 
(OAP (23.9)< (51.0) , (69.0) b (54.0) " (90.0) ; (90.0) a (90.0)" (72.0) b (9.00) (90.0) a 

H. indica 13.3 0.0 0.0 20.0 20.0 60.0 100.0 100.0 100.0 100.0 100.0 100.0 
(004) g (0.4) g (21.2) e (18.2)" (54.0) c (90,0) a (90.0) , (90.0) • (90.0) • (90.0) a (90.0) a 

H. indica 6.71 0.0 0.0 20.0 20.0 60.0 100.0 100.0 100.0 80.0 100.0 100.0 
(004) £ (O.4F (23.9)< (20.9) e (51.0)' (90.0) a (90.0) a (90.0) a (72.0) b (90.0) a (90.0) a 

~- ~ i...-

SEM± CD (P:::O.05) 
Nematode species 1.57 4.35 

Temp 1.11 3.08 

Time interval 1.28 3.55 
Nematode species x temp 2.72 7.54 
Temp x time 2.22 6.16 

Nematode x time 3.14 8.71 

Nematode x temp x time 5.44 15.08 

*Means followed by the same letter are not significantly different. 

Figures in parentheses are arcsine-transformed values. 
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Table 2. Mean per cent mortality of A. ipsilolllarvae by indigenous nematode isolates in soil assay at different temperatures 

Nematode isolate Mortality of A. ipsiloll larvae at different temperatures and time intervals (<j() *' 

15 DC 25 cC 32°C 

24 h 48 h 72h 96 h 24 h 48 h 72 h 96 h 24h 48h 7211 

S. abbasi 0.0 0.0 0.0 20.0 40.0 60.0 80.0 100.0 40.0 80.0 100.0 

(1.3F (1.3F (lJ)g (21.5)f (39.0) d (51.3)' (69.0) h (90.0)" (39.0) d (66.2) b (90.0) " 

S. talll i 0.0 0.0 20.0 40.0 20.0 40.0 60.0 100.0 40.0 60.0 80.0 
(l.3)g (1.3)g (21.5)f (38.8) d (24.1 )< (39.0) d (51.3), (90.0) a (39.0) d (51.0)' (69.0) h 

5. C([JpocaPS{li! 0.0 0.0 0.0 20.0 20.0 20.0 40.0 60.0 20.0 40.0 60.0 
(1.3)g (1.3)g (lJ)g (24.1) e (24.1)< (24.1r (39.1)d (54.0) , (21.W (39.0) d (54.0) , 

S·81aseri 0.0 0.0 20.0 60.0 20.0 40.0 60.0 100.0 40.0 80.0 100.0 
(UP (U) g (21.5)' (51)' (24.1)' (39.0) d (51.0), (90.0)" (39.0) d (69.0) b (90.0) a 

H. indica 13.3 0.0 0.0 0.0 0.0 40.0 60.0 80.0 100.0 60.0 100.0 100.0 
(lJ)g (lJ)g (lJ)g (1.3) g (39.0) d (51.0), (69.2) b (90.0) , (51.0)' (90.0) " (90.0) " 

H. il1dica 6.71 0.0 0.0 0.0 0.0 40.0 40.0 80.0 100.0 40.0 80.0 lOO.O 
(I.3F ( lJ)1' (lJ)g (Ur (39.0)d (39.0) d (66.2)° (90.tW (36J) d (69.2) b (90.0) " 

- -. 

SEM ± CD (P=0.05) 

:\ernatode species 1.41 3.91 

Temp 0.99 2.77 

Time intaval US 3.2 

:..lematode species x temp 2.45 6.78 

Tcmp\ time 1.99 5.54 

Nematode x time 2.82 7.83 

l'\ematode x temp x time 4.89 13.56 

:~Means followed by the same letter are not significantly different. 

Figures in parentheses are arcsine-transformed values. 
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1993) and species and lor strains are governed by 
the temperature range oftheiroriginallocalities. 

The effect of low temperature on nematode 
efficacy was pronounced in case of A. ipsilon 
compared to G. mel/onella. IncreaSing the 
temperature from 8°_ 32"C resulted in significant 
increase in mortality and reduction in time of host 
death. In laboratory studies, the effect of a range of 
temperatures (5°-30" C) on the infectivity of 
Reterorhabditis sp. and S. carpocapsae against 
Otiorrhynchus sulcatus resulted in increase in 
infectivity with increase in temperature, resulting 
in 100 per cent mortality of O. sulcatus when 
Heterorhabditis spp. was kept at 20"C for 12 days 
and 65 per cent mortality with S. carpocapsae at 

20° and 25°C (Miduturi et al., (995). 

Lowered virulence of nematodes at lower 
temperature is attributed to the decreased mobility 
of nematodes, less cues being produced by the 
insect or by a lower sensitivity of the nematodes to 
host cues at lower temperatures (Chen et al., 20(3). 

Mortality of A. ipsilon larvae was also 
significantly affected by nematode species and 
temperature. Significant mortality was not observed 
at 15°C due to all isolates except S. glaseri, which 
caused 20 per cent mortality at 72 hours post 
exposure and maximum mortal it)" 60 per cent at 96 
hours exposure. Steinernema tami, S. carpocapsae 
and S. abbasi caused 40, and 20 per cent, 
respectively and no infection was observed with 
H. indica isolates during the same period. At 25° C 
H. indica isolates caused 40 per cent mortality and 
Steinernema spp. 20 per cent 24 hours after 
exposure. At this temperature absolute mortality 
was observed only at 96 hours post exposure due 
to all isolates except S. carpocapsae, whereas at 
32° C, 40-60 per cent mortality was observed 
irrespective of nematode isolates 24 hours post 
exposure and absolute mortality Was obtained 
within 72 hours due to all isolates except S. 
carpocapsae and S. tanli (Table 2). It has been 
inferred from the results that S. glaseri infection 
and progeny production were least affected at all 
temperature ranges studied. Steinernema rami, 
which was originally isolated from 10rhat, Assam 
exhibited a preference to cooler temperature and S. 
abbasi and H. indica isolates (originally isolated 
from Delhi and Chidambaram, Tamil Nadu, 
respectively) showed higher preference for warmer 
temperature. Our results support the earlier studies 
that H. indica is adapted to wanner climates (Griffin, 

.. Activity at low temperatures was not related to a 
specific taxonomic group (Westerman, 1994). 

The progeny production of infective juveniles 
in A. ipsilon and G. mellon ella at different 
temperatures is presented in Tables 3 and 4. 
Nematode yield varied with respect to temperature, 
species and isolates of nematodes and target 

Table 3. Progeny production EPN isolates inA. ipsilon at ditTerent temperatures 

Nematode isolate Total no. of Us emerged/ A. ipsiloll larva (in lakhs) * 
15"C 250C 32"C 

S. glaseri 0.28' 0.38' 0.33' 

S. abbasiPDBC EN 3.1 0.3} , 2.9 d 2.46" 

S. tamiPDBC EN2.1 0.321 2.59c 1.57 g 

S. Catpocapsae POBC EN 6.11 0.22' 2.17f 1.73 h 

H. illdica POBC EN 13.5 0.121 3.78" 3.14c 

H. ilu/ica PDBC EN 6.71 0.12' 3.46b 2.66" 

SEM±::::O.12 CD (P=<lOS)= 0,34 

*Mcans followed hy the same Ictter are not significantly different. 
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'nlhll.'.t. Progenv production EPN isolates in G. mellollclla at different temperatures . 
Nematode isolate Total no. of Us emerged/ G. mcllollcllo larva (in lakhs) * 

15°C 25"C 32"C 

S·. gluscri 0.391 0.42 1 0.37 1 

:..,'. ahhasi PDBC EN 3.1 O.46 i 3.8~ 3.2d 

S. tallli PDBC EN 2. I 0.521 3.65' 2.77 1 

,)'. C(/I]J(J(,(lpsa(' PDI3C EN 6.11 0.43 1 2.621 2.14s 

H. illdica POBC EN 13.3 O.14m 4.71" 4.25[> 

H. illdim POBC EN 6.71 0.12'" 4.54" 3.9 h 

SEM ±=O.13 co (p=O.05)= 0.37 

*Means followed hy the same letter are not significantly different 

insects. 1\11 the isolates tested yielded maximum in 
(;. 1Il{'f/(mella lal'vae compared to A. ipsifoll. 
liighest yields (4.71 and 4.54 lakhs Us per larva) 
wen: ohserved with ff. illdico isolates 13.3 and 6.71. 
Among the temperatures. 2YC was found suitable 
for hi;;her yields in respect of all the isolates in 
both the insects (Table 3 and 4). Significant 
differences were observed in number of progenies 
produced at three different temperatures studied. 
The time of first emergence from cadavers was 
longer (7 days) at 15"C than at 25° and 32"C (3-4 
days) and the progeny production was least (0.12 
lakh/ larva) at 15"C. It is evident from the results 
that temperature range for infectivity was higher 
than for multiplication of entomopathogenic 
nematodes. Though S. glaseri yield was the lowest 
among the nematodes tested, it was the least 
affected at varied temperatures (TabJe 4). This is in 
agreement with the earlier studies that the thermal 
niche breadth for establishment within hosts was 
the widest for S. glaseri (I 0-37"C) and the natTowest 
for 5'. jeltiae (8-30" C). Thermal niche breadth for 
reproduction was widest forS. glaseri, (12-32"C) 
and the narrowest for 5,'. carpocapsae (20"-30" C) 
(Grewal et al., 1994). 
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