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 Temperature influences the infectivity of entopathogenic nematodes (EPN) by affecting 
their mobility, reproduction rate and development. Influence of temperature on the 
infectivity of steinernemafeltiae andheterorhabditisbacteriophora, and comparison of 
efficiency of these isolates at five different temperatures (10, 14, 18, 22 and 26oC) 
against larval mortality of Galleria mellonell were studied.Larvae were transferred to 9 
cm diameter petri-dishes followed by the application of 2 ml an aqueous suspension 
containing 300 infective juveniles (IJ). Strong correlation was seen between nematode 
inoculated G. mellonella larval mortality and temperature. Mortality rate increased with 
increasing temperature.Maximum larval mortality was observed at 26 oC, S. feltiaewas 
found more significant to larval death comparing to H. bacteriophora. 
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INTRODUCTION 

 
 The species of genera Heterorhabditis (Rhabditida: Heterorhabditidae) and Steinernema (Rhabditida: 
Steinernematidae) are lethal parasites of insects. They are mutually associated with bacteria Photorhabdus and 
Xenorhabdus, respectively. Infectivity of EPN is measured by mortality of an insect, changes with species, and 
with strain of both the insect and nematode. Laboratory assays show differences in pathogenicity between EPN 
species and strains [2] . It is also affected by abiotic factors, mostly by temperature [6]. Temperature influences 
nematode mobility, reproduction, and development [7,815]. EPN belonging to the families; Steinernematidae 
and Heterorhabditidae infect and kill insects with the aid of symbiotic bacteria carried in their intestines. For 
example, Steinernema spp. carry Xenorhabdus spp. while Heterorhabditis spp. carry Photorhabdus spp.  An IJ of 
entomopathogenic nematodes carries 0 and 2000 cells of its symbiotic bacterium in the anterior part of the 
intestine [4,10,11] 
 

MATERIALS AND METHODS 
 
Sources of insects and nematode : 
 S. feltiae and H. bacteriophora species were obtained from nematology Lab. Department of Plant 
Pathology, University of Agriculture, Faisalabad. Theses nematodes were cultured on wax moth as these are 
used as baits and then stored at 10-15 oC for further use. The grater wax moth larva G. mellonella L. 
(Lepidoptera: Galleridae) was used for nematode baiting and for production of nematode isolates. Bee hives 
infected with G. mellonela were obtained from bee farm of Department of Entomology, University of 
Agriculture, Faisalabad. Last instars larvae of G. mellonela were separated for nematode culture. The insect 
culture was reared in 1500 ml volume glass containers (11 cm diameter and 15 cm height) on an artificial 
medium. Diet with galleria was kept at 27 ºC in an incubator. After reaching last instars, they were taken out 
from the diet and used for storage and isolation/multiplication of nematodes. Identification was made on the 
basis of colour of dead larvae. All the larvae used in this experiment were of last instar. EPNs in vivo production 
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of was slightly modified from the basic methods described by [9] and summarized by [13] Larvae were kept at 
15 °C.  EPNs were collected from dead G. mellonella larvae by modified white trap [12] and then stored at 
about 10-15ºC.  
 A suspension of 300 IJs of S. feltiae in 2 ml water was used against 15 late instar larvae of G. mellonella at 
10 0C, 140C, 180C, 220C and 260C, respectively in 9 cm diameter petri-dishes in each replication. The petri-
dishes were lined with one piece of filter paper. Untreated petri-dishes received 2 ml water (sterilized) only. 
Petri-dishes were sealed with paraffin tape and placed in incubators at above mentioned temperatures. After 2 
days, the mortality of larvae was noticed. The same process was repeated for H. bacteriophora.Data regarding 
the mortality of larvae was recorded and subjected to statistical analysis. 
 

RESULTS AND DISCUSSION 
 
 Strong correlation was seen between nematode inoculated G. mellonella larval mortality and temperature. A 
linear increasing trend was observed. With the increase of temperature, increase in larval death was seen in both 
S. feltiae and H. bacteriophorainoculated species (Fig 1). Significant difference in S. feltiae and H. 
bacteriophora inoculated larval death at was observed at different temperature events (Table 1). No significant 
difference was seen between S. feltiae and H. bacteriophora inoculated larval death at 10 0C and 14 0C. At 18 
0C, S. feltiaeinoculation to kill larvae wasmore significant as compare to H. bacteriophora. H. bacteriophora  
was found less significant with respect to S. feltiaeat 22 0C. Maximum larval mortality was observed at 26 oC, S. 
feltiaewas found more significant to larval death comparing to H. bacteriophora (Table 2). 
 Temperature influences the number of IJs entering the host, subsequent bacterial growth and nematode 
development. Although the effect of temperature on insect feeding was not addressed in this work, it may be a 
crucial factor affecting H. megidis infectivity, there is a report of Heterorhabditids infecting insects directly 
through the cuticle [8]. Further, comparative studies between Heterorhabditis spp. and commercial products of 
Steinernema spp. are needed to ascertain the potential of using Heterorhabditids in insect management 
programs. 
 Fujiie, et al. [5] investigated the effect of temperature on the infectivity of S. kushidai against 
Anomalacuprea (Coleoptera: Scarabaeidae) and found that feeding activity of the insect was lower at 100C to 15 
°C than at 200C to 30 °C. They suggested that opportunities for IJ infection may decrease with lower feeding 
activity. G. mellonella larvae are less active at 8 °C to 16 °C. Though the site of infection of A. kushidai larvae 
may differ from G. mellonella larvae, it is possible that the lower level of G. mellonella activity was partly 
responsible for decreased IJ infectivity at these temperatures. 
 The observation that H. bacteriophora is less infective than S. feltiae at lower temperature is in agreement 
with earlier studies that investigated other strains of these genera [3,8,12,14].   
 Brown and Gaugler [1], reported that although IJs can survive at low temperatures and relative humidity for 
limited periods of time in the host cadaver, but fail to emerge, and eventually die. Generally, reproduction has 
been reported to cease at about 10 °C for heterorhabditids [15]. Nevertheless, Wright reported reproduction in 
steinernematids (S. feltiae strains CA and AKLD), and reported reproduction in  heterorhabditid (H. megidis 
isolate U.K.) at 10°C, but such reproduction took greater than 60 days. also noted that the reproduction rate at 
10°C for several nematode strains was related to the rate of growth of the bacterial symbionts. 
 

 
 
Fig 1: Relationship of temperature with H. bacteriophora and S. fe l t iae inoculated G. mellonella larval       
     mortality. 
 
Table 1: Impact of temperature on H. bacteriophora and S .  f e l t ia e inoculated G. mellonella larval mortality. 

Source DF SS MS F P 
Temperature 4 537.000 134.250 16781.3 0.0000**  

Species 1 19.200 19.200 2400.00 0.0000**  
Temperature x Species 4 13.800 3.450 431.25 0.0000**  

Error 20 0.160 0.008   
Total 29 570.160    

**= Highly Significantα = 0.05 
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Table 2: Comparison of two nematode species (S.  f e l t i aeand  H. bacteriophora) on G. mellonella larval mortality 
Temperature S .  f e l t i a e  H. bacteriophora 

10 oC 1 G 1  G 
14 oC 2  F 2  F 
18 oC 7  D 5  E 
22 oC 10 C 7  D 
26 oC 14 A 11 B 
LSD 0.17 

Mean values sharing significant values do not differ significantly. α = 0.05 
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