ol 1 Journal of Biological Control, 34(1): 37-42, 2020, DOI: 10.18311/jbc/2020/23014

BIOLOGICAL CONTROL 4 =T,

Research Article

Incidence of egg and larval parasitoids of Chilo partellus on Kharif maize
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ABSTRACT: The incidence of egg and larval parasitoids of Chilo partellus was monitored in insecticide free maize fields at the Indian
Agricultural Research Institute, New Delhi, for three Kharif seasons of 2013 to 2015. The hymenopteran parasitoid, Trichogramma sp. was
recorded to be the only egg parasitoid in this area, while a good number of larvae were parasitized by braconid, Cotesia flavipes. The egg
parasitism was recorded on the freshly laid eggs of stem borer obtained by artificially releasing the adults of C. partellus on maize cultivars,
HQPMI and PMH]1, at 12 days after germination. There was no egg parasitism recorded during Kharif 2013 and 2014, whereas 5.6 percent
egg-mass parasitism by Trichogramma sp. was recorded during Kharif, 2015. The larval parasitoids were monitored by artificially infesting
the maize plants with neonates of laboratory reared C. partellus. The larvae were allowed to develop on maize plants under field conditions for
20 days. The plants showing stem borer damage were cut and brought to the laboratory. The larvae collected from infested maize plants were
reared in the laboratory. The maggots of C. flavipes recovered from parasitized larvae ranged from 29-100, 41-50 and 20-80 percent during
Kharif2013, 2014 and 2015, respectively. The result of this study indicated that parasitism by Cotesia was influenced by age of plants damaged
by C. partellus. The young maize plants seemed to be more attractive to the foraging of Cotesia and more stem borer larvae were parasitized
on these plants as the maximum (58 percent) parasitism was observed at 40-day-old crop. The parasitoid was found to be active on maize from
40-60 days after germination and the incidence decreased thereafter. Insecticides should not be used during this period. The current studies
also revealed that host densities had no significant effect on percentage parasitism by Cotesia.

KEY WORDS: Biocontrol, Chilo partellus, Cotesia, Maize, Trichogramma

(Article chronicle: Received: 07-08-2019; Revised: 10-03-2020; Accepted: 15-03-2020)

INTRODUCTION is often effective on the neonate instars, before the larvae
enter the stem (Reyes, 1987). Thus, as an alternative, to other
control measures, the use of natural has been considered an
essential component in its management strategy (Jalali and
Singh, 2006). Exploiting biocontrol in maize ecosystem could
reduce pesticide application, conserve the endemic natural
enemy complex, reduce the need for additional treatments to
control secondary pests, and reduce pesticide-associated risks
to humans and environmental health (Van Lenteren, 2000).

Lepidopteran stem borers are among the most damaging
pests of maize in semi-arid countries and are a major constraint
in realizing the yield potential of the crop. In India, the stem
borer, Chilo partellus (Swinhoe) (Crambidae: Lepidoptera)
is one of the serious insect pests causing 24.3 to 36.3 % yield
loss in different agro-climatic regions of the country (Ganguli
et al., 1997). A large number of insecticides belonging to
different groups have been widely used to control the pest
(Dharmasena, 1993; Teli et al.,2007), but with limited success.
Long-term overuse of stem borer-targeting insecticides has
not only resulted in pest resistance, but is also associated with
severe risks posed to humans, non-target organisms and the
environment (Desneux et al., 2007). Also, chemical control

Among the various biocontrol agents, Trichogramma
spp. (Hymenoptera: Trichogrammatidae) are the polyphagous
endoparasitoids of lepidopteran eggs commonly used for
biological control of economic pests around the world
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(Hoffmann et al., 2001, Kuhar et al., 2004; Zhang et al., 2010;
Wang et al., 2014, Kumar et al., 2013). These can be easily
reared in the insectaries on hosts other than the field hosts
and have a broad host range of target pests, hence, play an
important role in pest control (Mills, 2010). Cotesia flavipes
(Cameron) (Hymenoptera: Braconidae), a gregarious larval
endo-parasitoid, has been widely used in maize, sorghum
and sugarcane ecosystems (Kalra and Srivatsava, 1996;
Tanwar and Varma, 2002). It is found in nature during Kharif
season throughout India, and has proven as a dominant larval
parasitoid of C. partellus by reducing the population to the
range of 32-55 per cent (Divyal et al., 2009; Padmaja and
Prabhakar, 2004). Though the egg and larval parasitoids are
present in nature, the detailed information of their incidence
and degree of parasitism during different months of crop
period is not available on maize. Keeping this in view, the
present investigations were carried out for the three Kharif
seasons from 2013 to 2015. The results of this study are
expected to provide valuable information for effective control
of C. partellus particularly when integrating biological
control agents in IPM program. The findings can also be
used by the researchers to take initiative for conservation of
available fauna for pest management and also to advise the
farmers for judicious use of insecticides on the crop.

MATERIALS AND METHODS

Rearing of Chilo partellus

The nucleus culture of Chilo partellus was collected from
the fields of ICAR- Indian Agricultural Research Institute,
New Delhi. The culture was multiplied and maintained in the
Entomology Laboratory of Directorate of Maize Research
under the controlled temperature of 26+2°C and relative
humidity of 65+5 %. The field collected larvae were reared
on fresh maize stalk till pupation. Further, generations of
C. partellus were multiplied on artificial diet (Siddiqui et
al., 1977). When most of the larvae turned into pupae, they
were collected and kept for emergence. Adults were paired in
oviposition jar (26 cm x 16 cm) and kept at for egg laying.
The egg laying was complete in five days. The eggs were
laid in masses on the butter paper. Egg bearing area of butter
paper was cut and kept in petri dish with moist cotton kept
beside. The eggs, when reached black-head stage, were used
for artificial infestation of plants in the field for evaluation of
larval parasitoids.

Evaluation of egg parasitoids

Five beds of 2m x 2m were prepared with 30cm X 15cm
row to row and plant to plant distance. In each bed, three
rows, each of maize cultivar HQPM1 and PMH 1 were used
for egg laying by C. partellus. Before releasing adults, the
plots were covered by 2m % 2m % 2m walk-in cage made of
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net which is permeable to Trichogramma but impermeable to
C. partellus adults. The adults were released in the cages at 12
DAG (days after germination). Freshly emerged C. partellus
adults in ratio of 1:4 (adult pair: plants) were released in the
evening as standardized by Kumar et al., (2012). The plants
were cut from the base after four days during which the female
finished laying eggs and brought to laboratory. Each plant was
observed thoroughly for eggs. The egg masses were collected
and kept in glass vial under ambient conditions to observe the
emergence of any parasitoids. The parasitoid emerged from
egg masses were counted and number was recorded.

Evaluation of larval parasitoids

For evaluating larval parasitoids, 12-15 day old 600
maize plants were infested by placing 10 black head stage eggs
of C. partellus in each plant whorl. The larvae on hatching fed
on the tender leaves of whorl and made their way in the stem.
Twenty days after infestation, the plants showed symptoms of
stem borer feeding. The visibly infested plants were harvested
at 40, 50, 60, and 70 DAG and brought to the laboratory. The
plants were dissected to recover the developing larvae/pupae/
parasitoids. The recovered larvae were further reared on baby
corn to observe the emergence of parasitoid/formation of
Chilo pupa. The parasitized larvae were kept individually in
glass vials to observe the emergence of the parasitoid. The
emerged parasitoids were identified and their number was
calculated and recorded.

RESULTS AND DISCUSSION

The results on incidence of egg and larval parasitoids are
presented as below.

Egg parasitoids of Chilo partellus

No parasitism of the eggs of C. partellus was recorded
during Kharif 2013 and 2014, whereas in Kharif 2015, 5.6
percent egg masses were parasitized (Table 1). From the
parasitized egg mass, 32 percent eggs were observed to be
parasitized by Trichogramma sp.

Larval parasitoids of Chilo partellus

The larval parasitism was assessed by destructive
sampling during all the three years. Cofesia flavipes was
found to be parasitizing the larvae of C. partellus in each
year of observation (Table 2). In 2013, till 40 DAG, the plants
showed infestation symptoms but no larva was recovered, but
in 50 and 60 DAG plants, they were found to harbour 0.35
and 0.07 C. partellus larva per infested plant, respectively,
out of which 28.6 and 100 percent larvae, respectively, were
parasitized by C. flavipes. In 70 DAG, none of the infested
plants yielded C. partellus larvae.
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Table 1. Percent parasitism incidence and numbers of Trichogramma sp. in Kharif maize during 2013-2015

No. of egg mass

Cultivar No. of egg masses parasitized Number of parasitoid % parasitization Severity of parasitization
Kharif, 2013

PMH 1 0 0

HQPM 1 0
Kharif, 2014

PMH 1 9 0

HQPM 1 11 0 0
Kharif, 2015

PMH 1 10 1 (50 eggs) 16 5.6 32

HQPM 1 8 0 0 0 0

Table 2. Percent parasitism of Chilo partellus by Cotesia flavipes during Kharifmaize in 2013-2015

Plant Age No. of plants No. of larvae recovered

No. of infested larvae

Percent Incidence

Chilo partellus Cotesia flavipes sp.
Kharif, 2013
40 8 0 0 0.0 0.0
50 20 7 2 35.0 28.6
60 15 1 1 6.7 100.0
70 9 0 0 0.0 0.0
Kharif, 2014
40 25 29 12 100.0 41.4
50 100 4.0 50.0
60 20 0.0 0.0
70 262 0.0 0.0
Kharif, 2015
40 20 20 16 100.0 80.0
50 45 4 8.9 50.0
60 30 10 333 20.0
70 30 0 0.0 0.0

In 2014, 1.16 and 0.04 C. partellus larvae per plant were
recovered per plant only from the infested plants of 40 and 50
DAG, respectively, whereas no larva was recovered from 60 and
70 DAG infested plants. Larvae recovered from 40 and 50 DAG
plants were parasitized to the extent of 41 and 50 percent by C.
flavipes. In 2015, 1.00, 0.09 and 0.33 larvae from 40, 50 and
60 DAG plants were recovered, respectively. The infested plants
harvested 70 DAG did not yield any larva. The larvae recovered
for 40, 50 and 60 DAG plants were parasitized to the extent of 80,
50 and 20 percent.

Biocontrol is one of the major components of Integrated Pest
Management (IPM), which seeks to maximize the contribution
of naturally occurring parasitoids, predators and pathogens to the
reduction of pest population. The potential of natural parasitoids

present in maize ecosystem to manage stem borer population was
monitored for three years, and the finding of which can be utilized
for the timing of pesticide application, if at all required.

The egg and larval parasitism of C. partellus in the present
studies resulted in variable parasitism during the three Kharif
seasons from 2013-2015. From the egg parasitoids, Trichogramma
sp. was found to be the only egg parasitoid during the study.
Trichogramma spp. have successfully been used world-wide
in inundative releases for the biological control of insect pests
(Li, 1994; Smith, 1996; van Lenteren, 2000) as well as for the
European corn borer, Ostrinia nubilalis (Hiibner), (Wright ef al.,
2002; Hoffmann et al., 2006).

The consistent occurrence of larval parasitoids in all
the three years of study confirmed C. flavipes as the major
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parasitoid controlling the stem borer in maize ecosystem. In
2013, no larva was recovered from infested plants at 40 DAG,
hence parasitism was observed only in plants harvested after
50 and 60 days of germination, while in 2014, the parasitoid
were recovered in 40 and 50, DAG plants only, whereas in
2015, the parasitism occurred from 40 to 60 DAG. The data
is indicative that the parasitoid coincides with first generation
of C. partellus in maize. The crop happens to be the most
susceptible for C. partellus in this stage. Accordingly, the most
active time of parasitoid is 40-50 days of crop considering
2014-2015 assuming that the first brood of Cotesia coincide
with first brood of C. partellus at 40-50 DAG which is
depended upon the time we infested the plants artificially
which usually extend from 12-16 days. In 2014 and 2015, the
number of larvae recovered and the number of infested larvae
were maximum at 40 DAG, the most reliable sampling data.

The present data suggests Cofesia to be active from
July to mid-September with peak activity observed in first
week of August during all these years. Dev and Raj (1996)
reported 35 to 50% parasitism by Cotesia (=Apanteles) sp.
on larvae of C. partellus during the second week of October
in sorghum in Himachal Pradesh. Peak activity of Cotesia
during July-August may be due to availability of host, i.e.,
Chilo larvae inside the plant. The activity period of Cofesia
observed in the present studies is in close agreement with the
results of Chaudhary and Sharma (1987) and Kishore (1986)
who also recorded the highest percent parasitization (32%)
during Kharif season in sorghum. Also, the young plants
are more inducible and effective in emitting volatile organic
compounds as well as secondary metabolites in defense to
pest. This could be the cause of attraction of female which
later led to their oviposition choice (Amalina et al., 2016).

The year wise trend of parasitization indicated
maximum parasitization in Kharif 2013 which may be
due to the better synchrony of Cotesia with C. Partellus
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Fig. 1. Year wise percent incidence of Chilo partellus and
Cotesia flavipes at different plant ages of maize
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(Fig. 1). The parasitization ranged from 41.4-50 and 20-80
percent in Kharif 2014 and 2015, respectively. Cotesia has
been found to be permanently established in East Africa,
reducing borer densities by 50% and increasing maize yields
by 10%, on an average (Overholt et al., 1997; Zhou et al.,
2001). There was significant positive correlation of (0.87)
between larval density and percent parasitization by Cofesia,
whereas the larval density resulted in negative correlation
(-0.14) with severity of parasitization by Cotesia. There
were studies that showed parasitism by Cotesia responds in
both density dependence (Sow et al., 2013), and inversely
density dependence (Talekar, 1997; Lim, 1982; Ooi, 1979).
The correlation of -0.14 between host density and severity of
parasitism may be because of more number of eggs laid by
Cotesia in each larva in the absence of optimum number of
hosts available. This is required to be studied in future.
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