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ABSTRACT 
 

The parasitoid Bracon hebetor has been successfully used as a biological control agent against 
some pyralid moths. The present study was conducted to know the impact of host size on the 
performance of Bracon hebetor to elevate its mass rearing technique. In this experiment, two 
different sizes of the host (Plodia interpunctella) larvae were infested by one pair of B. hebetor and 
some biological characteristics of this parasitoid were studied. This investigation showed no 
significant effect on parasitism rate, pupae number, adult emergence, longevity and developmental 
period (larval, pupal and total developmental period) due to different host sizes. On the contrary, the 
sex ratio (P<0.05) and body size (P<0.05) of parasitoids varied significantly with the host size. 
However further investigation should be focused on the walk-in field cage trials. 
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1. INTRODUCTION 
 

Indian meal moth (IMM) Plodia interpunctella 
Hübner (Lepidoptera: Pyralidae) is an important 
insect pests of stored food products and other 
processed food commodities which is forthrightly 
responsible for direct economic and quality loss 
[1-3]. The conventional chemical control may 
cause health hazards and environmental 
pollution. Therefore, presently  it is encouraged 
to apply environmental friendly biological control 
methods [4-5]. 
 

Bracon hebetor Say (Hymenoptera: Braconidae) 
is an important gregarious ectoparasitoid of 
stored grain insect-pests [6-8]. This parasitoid 
has been widely used as it can be easily reared 
and multiplied in the laboratory. The propagation 
of insect-origin biological control agents in 
laboratories or insectaries is very much 
expensive and finding out the cost-effective mass 
rearing technique of these natural enemies is a 
primary need for the application of biological 
control methods [9].  
 

Usually, the parasitoid developmental period, 
adult emergence, adult size, longevity, 
reproduction and sex ratio directly associated 
with the host size [10-11]. Host quality has 
impacts on parasitoid fitness, for instance on the 
life span, developmental period, fecundity and 
parasitoid size [12-14]. The adult size is very 
much associated with its fitness in the case of 
both sexes. The mating competitiveness, 
fecundity, flight ability and longevity of female 
parasitoids depend on their body size [15]. The 
longevity of females having larger body size is 
usually higher than that of the smaller body size 
and having longer life the larger females can 
attack more hosts to oviposit in [16]. 
Furthermore, the larger male has more mating 
competitiveness than smaller [17] though not all 
the time [16]. There is an exigent demand to 
study the relationship between the parasitoid 
quality parameters and host quality. Various 
experiments regarding the impact of host size on 
the parasitoids size and of the clutch size on the 
quality parameters of different aged parasitoids 
have been extensively studied [17-18]. In case of 
gregarious parasitoid species, a close 
relationship is present between clutch and host 
size with quality parameters. The quality 
parameters of parasitoid depend on both host 
size and the number of parasitoid larvae or 
offspring developing in the host body [15].  
 
The objective of the present investigation was to 
make an attempt to know the impact of host size 

on the performance of B. hebetor to ameliorate 
its mass rearing technique as it is one of the 
most important biological control agents. 
 

2. MATERIALS AND METHODS  
 

The average temperature and relative humidity of 
the laboratory were 25±0.65 

0
C and 

54.37±0.80% respectively. The hosts, Indian 
meal moth P. interpunctella were obtained from 
Post Harvest Entomology Laboratory, 
Department of Zoology, University of Rajshahi 
[19]. Ten larvae (length 1.91± 0.02 cm and 
weight 0.65± 0.03 g) of P. interpunctella were 
released in a transparent container (the height 
and diameter of the container were 7 and 6 cm, 
respectively and the lid was perforated for the 
aeration) and 10 small larvae (length 1.38±0.01 
cm and weight 0.27±0.03 g) were released in the 
next 3 containers. A folded paper strip was 
placed into each and every container, prior to 
host release to provide a wider surface area for 
the host larvae. After releasing one pair of fresh 
adult of B. hebetor, the containers were covered 
with black cloth to ease the infestation process. 
Then the containers were put into a shelf that 
had ant well for preventing the ants. The 
temperature and humidity of the laboratory were 
recorded twice a day regularly by using a 
thermo-hygrometer. After 2/3 days, the 
parasitized host larvae were counted as well as 
the number and date of pupae formation were 
also checked regularly. Thus, the total number of 
pupae was counted in each container. When 
adults (next generation) started to emerge, they 
were counted and collected by using a light 
source and test tube. After that, the sex ratio, 
developmental period and longevity (without 
food) were calculated. When F1 generation 
emerged then they were counted and the size 
(total length, head length, thorax length, 
abdominal length and wingspan in mm) of the 
parasitoid was measured with the help of a 
stereomicroscope and a 1/10 mm scale.  
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of Host Size on Parasitoids 
Parasitism Rate and Pupae Formation 

 

The data on parasitized host larvae (%) by B. 
hebetor in large and small hosts were (100±0%) 
(Fig. 1A) varied non-significantly. The maximum 
and minimum F1 parasitoid pupae were found in 
large host size (27.67±4.91) and small host size 
(26±3.61), respectively. There is no significant 
difference between the number of parasitoid 
pupae formed from large and small host size.  



 
 
 
 

Hossain et al.; SAJP, 5(4): 53-58, 2021; Article no.SAJP.73265 
 

 

 
55 

 

3.2 Effect of Host Size on Parasitoids 
Adult Emergence and Sex Ratio 

 

The total number of adults (F1) was found 
24±5.29 and 21±3.22 in large host and small 
host sizes respectively (Fig. 1B). There is no 
significant difference between the total number of 
adult emergence due to large and small host 
sizes.  However, the sex ratio of F1 was 
significantly affected due to different host sizes 
(∑ χ

2 
= 19.76, df=3) (Fig. 2A). 

 

3.3 Effect of Host Size on Parasitoids 
Developmental Period 

 
The data (Fig. 2B.) on developmental period 
varied non-significantly with host size The larval 
period of F1 was observed  5.94±0.08 and 
5.71±0.08 days in large and small host sizes 
respectively The pupal period of F1 was 
RECORDED  8.67±0.88 and 8.33±1.33 days in 
small and large host sizes respectively. However, 
the total developmental period of F1 males was 
recorded 13.45±0.15 and 14.62±0.14 days in 
small and large host sizes respectively (F1 

females, 14.62±0.27 and 14.5±0.62 days in small 
and large host sizes respectively) (Fig. 2B).  
 

3.4 Effect of Host Size on Parasitoids 
Longevity and Size 

 
The data on adult longevity of parasitoids also 
varied non-significantly with host size. The 
longevity (without food) of male has  3.67±0.67 
and in 3±0 days in small and large host size 
respectively while the longevity of female was 
8.33±0.33 and 7±0.58 days in small and large 
host respectively (Fig. 3A).  
 

The data (Fig. 3B) among sizes of parasitoids 
due to large and small host sizes varied 
significantly. In the case of large hosts the total 
length, thorax length, abdominal length, head 
width and wingspan of F1 parasitoid were 
2.65±0.04, 1.1±0.03, 1.1±0.04, 0.47±0.03 and 
2.62±0.07 mm  respectively. On the other hand, 
the total length, thorax length, abdominal length, 
head width and wingspan of F1 parasitoid were 
2.417±0.048, 0.98±0.06, 1.05±0.02, 0.37±0.02 
and 2.42±0.04 mm respectively in the case of 
small hosts.   

 

 
 

Fig. 1. Effect of host size on the percentage of parasitism (A) and adult emergence (B) of B. 
hebetor 

 

 
 

Fig. 2. Effect of host size on the sex ratio (A) and developmental period (B) of B. hebetor 



 
 
 
 

Hossain et al.; SAJP, 5(4): 53-58, 2021; Article no.SAJP.73265 
 

 

 
56 

 

 
 

Fig. 3. Effect of host size on the longevity (A) and size (B) of B. hebetor 
 
The present result shows that there is no 
significant difference in the total number of pupae 
and adult progeny, developmental periods, adult 
longevity due to large and small host size, but 
the sex ratio and size of the parasitoids vary 
significantly with the host size (P<0.05) which is 
in line with the study of Rasool et al. [20]. 
Similarly, the results are in agreement with the 
findings of Milonas [21], who also found that 
survival on P. interpunctella was significantly 
affected by egg density but not by the host 
weight of B. hebetor. He further reported that 
larval host weight of P. interpunctella and 
Adoxophyes orana had a significant effect on the 
size of emerging adult parasitoids mainly at the 
higher egg densities used in these experiments 
and the size of emerging parasitoids was smaller 
on smaller hosts especially at the higher 
densities examined which is also supported by 
the present investigation. The same findings 
were also reported in a study on ectoparasitoid 
Colpoclypeus florus parasitizing A. orana [22]. 
The experiment is also in agreement with 
Milonas [21], who found host size had no 
significant effect on time to emergence.  
 
Our findings showed a significant effect of host 
size on the sex ratio (P<0.05). There are many 
pieces of researches that have found the 
significant effect of host size on the sex ratio of 
the parasitoid and there is a tendency to get 
females from large hosts and males from the 
smaller ones [23-24]. The same response was 
also reported by Charnov et al.[15], Anam et al. 
[25], and Tillman and Late [26]. This result is also 
in line with the study of Joyce et al. [27] who 
found more female parasitoid i.e. Syngaster 
lepidus (up to 80% female) from larger and older 
host (Phoracantha spp.) larvae. 

Our result showed a highly significant interaction 
between the host and parasitoid size. This 
interaction explains that the larger hosts are 
responsible for the production of larger 
parasitoids. Several studies have been 
conducted regarding this interaction [12,16,28], 
and all of the findings are in close agreement 
with present study. 
 
Because the larvae of B. hebetor depend barely 
on the host for its food species, size or 
developmental stages of the host can influence 
the different biological characteristics of the 
parasitoid. Host size, species and age are the 
important biological factors that have impacts on 
parasitoid fitness. Normally the larger host acts 
as more food source and its quality is considered 
to be superior to smaller hosts [20,29]. On the 
contrary, large hosts may have the greater 
defensive behavior. That’s why it may increase 
the mortality risk of parasitoids and therefore the 
parasitoids do not prefer a larger host in every 
case [30]. 
 

4. CONCLUSIONS  
 
The findings of the present experiment illustrate 
that the parasitism rate, pupae formation, adult 
emergence, developmental period and adult 
longevity varied non-significantly due to the 
difference of host size. However, the sex ratio 
and adult size were affected significantly. The 
above investigation preliminary concludes that 
both the large and small hosts are suitable for 
the mass rearing of B. hebetor, however, the 
larger hosts are more preferable as it causes to 
produce the larger parasitoids and more females. 
This result will help to elevate the mass rearing 
technique of B. hebetor in the laboratory for 
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successful study. Moreover, further investigation 
should include the walk-in field cage trials. 
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