OPEN ACCESS

Journal of Entomology
ISSN 1812-5670
DOI: 10.3923/je.2018.13.18

Research Article
Temperature as a Key Aspect in the Survival of Hadronotus
leptocorisae Offspring
1

Fri Maulina, 2Novri Nelly, 2Hidrayani and 2Hasmiandy Hamid

1

Agricultural Polytechnic of Payakumbuh/Study Program of Agricultural Sciences, Post Graduate Program,
Andalas University Pascasarjana Building, Limau Manis, 25163 Padang, Indonesia
2
Department of Plant Protection, Faculty of Agriculture, Andalas University, Limau Manis, 25163 Padang, Indonesia

Abstract
Background and Objective: Temperature and survival of a parasitoid egg before it reaches the adult stage are some of the most
important biological parameters that must be understood to effectively and efficiently perform parasitoid mass rearing in a laboratory.
The objectives of this study were to determine the best maintenance tube size for the longevity of the adult parasitoid, Hadronotus
leptocorisae (H. leptocorisae), to determine the survival rate of the eggs laid by this parasitoid and to determine the fitness and sex ratio
of the offspring. Materials and Methods: The eggs of Leptocorisa oratorius (L. oratorius) were collected from paddy fields in Sungai Sapih,
Padang city and the experiments were carried out in a laboratory at 25EC and at room temperature. Data on the temperature differences
were analyzed by a t-test and the various tube sizes were analyzed by a completely randomized design with STATISTIC 8.0 programs. A
descriptive method was used to present fitness data. Results: The ideal maintenance temperature to ensure longevity of the parasitoid

Hadronotus leptocorisae is 25EC. The tube size used at that temperature is not significantly affected. The mean survival of eggs laid by
a female H. leptocorisae until adulthood was 68.2%. The mean longevity of males and females was 13.7±3.2 and 15.5±3.2 days,
respectively. The mean male parasitoid body size was 1.0±0.1 mm long and 0.5±0.1 mm wide and the average female parasitoid size
was 1.1±0.1 mm long and 0.5±0.1 mm wide. The percentage of parasitoid males was 30%. Conclusion: The best condition for rearing
with a high survival rate is 25EC with no specific tube size.
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September, 2016 until January, 2017. Imago of H. leptocorisae

INTRODUCTION

that emerged from the egg were placed in test tubes of
The Hadronotus leptocorisae Nixon (Gryon nixoni

different sizes (diameter:height) (cm:cm) as follows: A (1:7),

Masner) parasitoid have been reported to be in the eggs of the

B (1:9.5), C (2:10), D (1.5:12.5), E (2:14), F (2:17) and G (2.5:20).

rice bug (Leptocorisa oratorius Fabricius) at Lombok Island,

A drop of honey was placed on the inside of the test tube and

West Nusa Tenggara Province1 and at Padang Pariaman2 and

the tubes were placed under two conditions, at 25EC and at

Tanah Datar Regency, West Sumatra Province, Indonesia.

room temperature. Observations were conducted every day

The existence of parasitoid required biological studies to

until the imago parasitoid was dead.

3

determine

effective

and

efficient

biological

control

agents4,5. One such biological study was the mass rearing

Survival of the Hadronotus leptocorisae parasitoid at

of parasitoids in the laboratory to obtain offspring5

optimum temperatures: The most suitable temperature

parasitoids that had high fitness and were ready to be

for the development of the H. leptocorisae parasitoid

introduced into the field.

(the result of step one), i.e., 25EC, was used for survival testing

The survival of eggs laid by a parasitoid on the host

of parasitoid offspring. The adult female sample of the

before it emerges as an adult is essential to the continuity of

H. leptocorisae parasitoid that was used as the survival test

its use as a biological control agent. Insect survival responses

included 4 parasitoids. The 4 female parasitoids were

(including parasitoids) are affected by temperature6,7, host

inserted into a separate enclosed test tube in which there

susceptibility (i.e., host stage)6,8 and parasitoid virulence8.

was already a male parasitoid. Then, the male and female

9

Temperature determines the superparasitism of a parasitoid ,

parasitoids were allowed to copulate for 24 h. The adult

which affects its survival. Parasitoid survival does not vary

female was transferred into a separate test tube where they

linearly with temperature, because survival depends on the

were placed on pias paper that had 10 eggs from the host for

type of parasitoid. High mortality usually occurs at lower and

oviposition. After 24 h, the eggs were replaced with new eggs

upper threshold temperatures6, so it is important to

(from the insect cage). This activity was done every day until

understand which temperature is suitable to the development

the female parasitoid was dead. Observations of the

of parasitoids. Optimum temperatures are required for

parasitoid offspring included those related to fitness

parasitoids to adequately complete their life cycle. The ideal

(i.e., longevity (observations are made daily), morphology

temperature to ensure the longevity of the H. leptocorisae

(observations were performed under the binocular stereo

adult parasitoid as an egg parasitoid of Leptocorisa oratorius

microscope), Carton SPz 50 (Aven Tools, USA) and

is 25EC for a 22.6 days life cycle10. The effects of maintenance

photographed with the Olympus SZ 14 camera that was

tube size on the longevity of H. leptocorisae parasitoids at

inserted a millimeter with a snipping tool) and sex ratio.

room temperature and at 25EC were done in this study. In
addition, the survival of the H. leptocorisae eggs, the fitness

Statistical analysis: Data on the temperature differences were

and sex ratio of H. leptocorisae offspring at 25oC were found.

analyzed by a t-test and the variance of tubes was analyzed by

Therefore, this information can be used as a reference in mass

a completely randomized design. A correlation analysis

rearing of H. leptocorisae in the laboratory.

between the various parameters was conducted using linear
regression. The statistical analysis were conducted in

MATERIALS AND METHODS

STATISTICS 8.0 (USDA, NRCS, USA). The fitness data were
reported using descriptive statistics as the means±standard

Longevity of the Hadronotus leptocorisae parasitoid at

deviation and the sex ratio was calculated by the percentage

different temperatures and in different tubes: Samples

of live males as follows:

(the eggs of L. oratorius) were collected from paddy fields of
Sungai Sapih, Padang City (20 m above the sea level) using a

PM (%) =

transect line method (1 km). The land selection criteria were

M
 100
MF

that the area had to be at least 3 ha and the condition of
paddy plants had to be at a milk mature stage. The collected

Where:

eggs were observed at the Insect Bioecology Laboratory,

PM = Percentage of live males

Plant

M

= Amount of emerging males

F

= Amount of emerging female

Protection

Department

of

Andalas

University

(220 m above the sea level). This activity was conducted from
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(1)
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eggs is from the 2nd to the 9th day, however, when it is above
the age of 12 days, there is a decrease in its reproductive rate
(lx×mx).

RESULTS
Longevity of the Hadronotus leptocorisae parasitoid at
different temperatures and in different tubes: The longevity

Fitness of Hadronotus leptocorisae offspring parasitoids:

of the H. leptocorisae parasitoid that emerged from the eggs
of the rice bug (L. oratorius) that was maintained under
different temperature conditions was significantly different
(p = 0.003) between room temperature and 25EC with a mean
longevity of 9.7 and 19.1 days, respectively. The various tube
size treatments showed that the longevities of the adult
H. leptocorisae parasitoid were not different at 25EC, whereas,
at room temperature, there was a difference in the longevity
between treatments A and C with E, F and G (Table 1).

The growth/development of the eggs laid on the host
(L. oratorius egg) were quite high at 25EC. More than half of
the eggs (68.2%) (Table 2) survived until adult-stage
parasitoids. The high survival of the eggs illustrates that the
environmental conditions were suitable for mass rearing of
the parasitoid in the laboratory. The longevity of male and
60

Eggs survive
Eggs laid

Egg laid/survive (grains)

50

Survival of the Hadronotus leptocorisae parasitoid at
the optimum temperature: Testing four H. leptocorisae
parasitoid females at the optimum temperature (25EC)
showed that the eggs that were laid (4-28 eggs) were highly
varied with a mean of 11±11.2 grains (Fig. 1). The percentage
of eggs that had been able to survive until the adult stage was
52%. Overall, of the 44 eggs from the 4 female parental
parasitoids, 78% survived until the adult stage (Table 2).
The tests that were performed showed that the
proportion of surviving parasitoid female imago (lx) declined
sharply 12 days after the imago was treated (Fig. 2), whereas,
the eggs that were laid and survived as imago fluctuated from
day 2-9. Overall, the potential age for a female imago to lay its
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Fig. 1: Ability of the female to lay eggs and the survival of the
Hadronotus leptocorisae parasitoid at optimum
temperature conditions

Table 1. Longevity of Hadronotus leptocorisae at room temperature and 25EC with a variety of tubes
Longevity of adult
Treatment
Volume of
Hadronotus leptocorisae
of tubes
tubes (cm3)
at room temperature (days)
A
5.5
12.5a
B
7.5
12.2ab
C
31.4
13.4a
D
22.1
8.4bc
E
44.0
7.8c
F
53.4
7.8c
G
98.1
5.6c
The number in the right columns followed by the same notation are not significantly different by LSD test 5% level (CV = 1.97)

Longevity of adult

Hadronotus leptocorisae
at 25EC (days)
25.2a
20.3a
20.3a
15.9a
18.8a
16.8a
16.2a

Table 2: Fitness of Hadronotus leptocorisae parasitoid offspring from four parasitoid female parents that survive until the adult stage at the optimum temperature
(25EC)
Description of the indicator
Value±SD
Total eggs laid/four female parents (grains)
44.0
Total percentage of eggs that survive to adulthood/four female parents (%)
68.2
Longevity of male (days)
13.7±3.2
Longevity of female (days)
15.5±3.2
Morphology
Male length (mm)
Male width (mm)
Female length (mm)
Female width (mm)
Sex ratio

1.0±0.1
0.5±0.1
1.1±0.1
0.5±0.1

Percentage of males (%)

30.0
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Fig. 2: Survivorship of the female Hadronotus leptocorisae parasitoid
15

Longevity (days)

female parasitoid offspring under laboratory conditions at
25EC was 13.7±3.2 and 15.5±3.2 days, respectively. The body
size of the female parasitoid was larger than that of the male
in terms of length and width, which were 1.1±0.1 and
0.5±0.1 mm and 1.0±0.1 and 0.5±0.1 mm, respectively.
The sex ratio between female and male parasitoids of
H. leptocorisae was 30:70, meaning 30% of the parasitoids
that emerged were male and 70% were females.

y = -0.074x+12.45
2
R = 0.636
R = 0.89
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In this study, conditions at 25EC (the optimum
temperature based on our previous studies) were compared
with the standard condition, i.e., room temperature. Samples
were placed in test tubes of various sizes to understand the
effect of maintenance space on longevity. The obtained
results demonstrated that 25EC provides the highest
longevity. The use of different test tube sizes did not have an
effect when the sample was placed in a 25EC room condition.
Under these conditions, the temperature in the tube is the
same as the room temperature at 25EC. The constant
temperature was more suited to the metabolism of the adult
parasitoid H. leptocorisae, thus resulting in longer longevity
than when the samples were at room temperature. Similarly,
the placement of the samples at room temperature provided
the same conditions as the maintenance tube so that
changing the temperature makes a difference in the length of
the longevity of the H. leptocorisae adult parasitoid. There are
differences in test tubes A and C with E, F and G in terms of
longevity of the H. leptocorisae adult parasitoid. This result
was reinforced by the high correlation between the various
tube sizes and the length of adult longevity of H. leptocorisae,
i.e., R = 0.89 or at 25EC, the lower correlation is R = 0.55 (Fig. 3).
Adult longevity will contribute to the number of eggs that are
exposed affecting the sustainability of their existence in the
field.
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Fig. 3(a-b): Correlation between the volumes of the rearing
tube with the longevity of the Hadronotus
leptocorisae parasitoid under two conditions
(a) Room temperature and (b) 25EC
The survival ability of H. leptocorisae eggs until they
emerge as adults is greater than 50% for both the mean count
or with four female parental parasitoids (i.e., 52 and 78%,
respectively), illustrating that the parasitoid can be developed
in the laboratory. The temperature of 25EC as the test
temperature was based on previous research10 that the imago
parasitoid H. leptocorisae survived the longest at 22.6 days,
16
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thus, it is expected to have a duration of oviposition that will

CONCLUSION

be longer throughout its life. This condition was very
important in the empowerment of natural competitors as a

The highest longevity for adult Hadronotus leptocorisae

biological control agent of the pest. Their survival can be

parasitoids is at a temperature of 25EC. There was a correlation

determined not only by temperature11 but also by nutrition in

(0.636) between the maintenance tube size with the longevity

both artificial agroecosystems11 and the field12,13. Determining

of adult H. leptocorisae at room temperature but not at 25EC.

the optimum laboratory conditions should be carried out on

When rearing the parasitoid H. leptocorisae at 25EC without

host that a uniformity. In the present study, the high variation

a specific size tube, the survival ability of H. leptocorisae eggs

in the number of eggs is likely related to the different qualities

until they emerge as adults was greater than 78%.

of eggs on the host. Eggs were used from a host maintenance
sample with relatively uniform ages and sizes, but when egg

SIGNIFICANCE STATEMENT

dissection occurred, the eggs were empty. No adult pest of

L. oratorius was found on (if not parasitized), or the adult
parasitoid H. leptocorisae was found (if eggs are parasitized)

This study identifies the appropriate maintenance tube
size and rearing room temperature for the longevity of the

(unpublished data). This condition causes the eggs that were

adult Hadronotus leptocorisae parasitoid that can increase

parasitized by the parasitoid females to not be able to

the oviposition time of a female parasitoid. This study will help

develop.

researchers to identify mechanisms to help the adult

The female H. leptocorisae parasitoid offspring had a

parasitoid survive, so that oviposition time and potential for

longer longevity than males (13.7±3.2 and 15.5±3.2 days,

being a biological control agent will increase. Thus, a

respectively), which is a common phenomenon in insects. Life

reduction will be seen in the issue of failing biological agents.

expectancy in females is almost always greater than in males.
When compared with parasitoid sample data collected from
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