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Abstract

Fulgoraecia melanoleuca (Fletcher) is a key parasitoid of Pyrilla perpusilla (Walker) nymphs and adults in the sugarcane
ecosystem. The effect of different host stages, viz. five nymphal instars and adults (male and female) on the biological
parameters, i.e. larval survival, larval period, pupal/chrysalis survival, pupal/chrysalis period and total development period
of F. melanoleuca was examined. When 1st instar nymphs were exposed to the parasitoid, the host died completely without
presenting any symptoms of parasitism.The larval survival, larval period, pupal/chrysalis survival, pupal/chrysalis period
and total development period of the parasitoid was less on the younger nymphal instars as compared to later instars of the
host. Likewise, adult longevity of parasitoid whose larvae had fed on younger instars lived for shorter period of time as
compared to later instars. Between the sexes, the survival and development parameters of parasitoid was more when reared
on female adult host as compared to male adults. The sex-ratio of F. melanoleuca adults was female-biased on all the host
stages. However, more female progeny was observed in later nymphal instars and female adult host. The fecundity of F. mel-
anoleuca increased with increase in host age and was comparatively more in the later nymphal instars. However, 4th instar
pyrilla nymphs serving as host for F. melanoleuca favoured a significant increment in number of eggs laid by the parasitoid
females as compared to 3rd and 5th instar nymphs. Among the host stages, 4th instar nymphs and adult females were more

suitable for the parasitoid, F. melanoleuca.
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Introduction

Pyrilla perpusilla Walker (Hemiptera: Lophopidae) is a key
pest of sugarcane crop (family Poaceae) in India (Kumar
et al. 2015), China (Liang 1997), Nepal (Neupane 1976),
Pakistan (Rasul et al. 2014), Sri Lanka (Ganehiarachchi
and Fernando 2006), Thailand (Fennah 1963), Cambodia
(Liang 1997), and Vietnam (Emeljanov 2018). It has also
been documented on different host plants from the families
Gramineae, Leguminosae, Cucurbitaceae, and Moraceae.
Both nymphs and adults of P. perpusilla suck the cell sap
from the leaves near the mid-rib and produce symptoms
with yellowish and whitish spots on the leaves (Pandey et al.
2008).The leaves become yellow due to phloem sap suck-
ing by leathopper which results in drying and withering of

P4 P.S. Shera
psshera@pau.edu

Department of Entomology, Punjab Agricultural University,
141 004 Ludhiana, India

leaves. It excretes a sticky fluid in the form of honey dew
on the surface of leaf which promotes the quick growth of
fungus and sooty mould covers the leaves completely. As
a result, photosynthetic activity is greatly reduced result-
ing in poor crop growth, yield and sugar recovery (Rasib
et al. 2020). It also injects enzymes into leaves while
sucking sap from the leaves that inhibits the formation of
sucrose (Seneviratne and Kumarasinghe 2002) but glucose
content increases considerably that leads to formation of
soggy masses during gur making (Chaudhary and Ansari
1988). Though various practices like cultural, mechanical
and chemical insecticides have been recommended for the
management of P. perpusilla on sugarcane (Singh et al.
2001;Verma et al. 2002) but biological control through
natural enemies has been the most successful approach for
its effective management (Gangawar et al. 2008; Srikanth
et al. 2016).

Several bioagents from different groups including pred-
ators, parasitoids and entomopathogens have been docu-
mented against P. perpusilla across India (Srikanth et al.
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2016). Fulgoraecia melanoleuca (Fletcher) (= Epipyrops
or Epiricania melanoleuca Fletcher) is a key ectoparasi-
toid of P. perpusilla nymphs and adults. Female F. mel-
anoleuca moths lay their eggs on the leaves. After hatch-
ing, the larvae catch hold the nearby pyrilla nymph or
adult by its hooked claws with head directed posteriorly.
Firstly, the parasitoid catches hold the tarsi of the host and
gradually proceeds to orientate on the dorsal surface where
it continues to feed until maturity. The larvae penetrate the
host cuticle with its sharp mandibles and suck the body
fluids. During the larval period, it secretes a large amount
of wax over its body, making it conspicuous. The caterpil-
lar leaves the host body after completion of larval period
and migrates to the leaf surface where it spin white, oval-
shaped cocoon inside which pupation occurs. As soon as
the host is released by the parasitoid, it dies. Upon emer-
gence, the female moth remains near the cocoon. However,
the male flies to the cocoon for mating with the female.
The female starts laying eggs soon after termination of
copulation alongside the cocoon (Rajak et al. 2006). Under
field conditions, the parasitoid produced up to 80% para-
sitization of P. perpusilla on sugarcane (Rajak et al. 2008).

The fitness of parasitoid progeny is dependent on the
availability of suitable host stage or host quality (Hagvar
and Hofsvang 1991; Kant et al. 2012; Shera and Karmakar
2018; Karmakar and Shera 2018). Previous studies revealed
that the parasitoid F. melanoleuca has a negative impact
on the fitness of its host, P. perpusilla (Sharma and Shera
2021). Information about whether and to what extent vari-
ous host stages of P. perpusilla affect the detailed biological
parameters of this ectoparasitoid are still lacking. Conse-
quently, we investigated the biological characteristics of F.
melanoleuca on various life stages of P. perpusilla (five
nymphal stages) and adults (male and female) to know the
parasitoid’s preference among different host life stages.
The identification of suitable host stage could be helpful in
standardizing mass rearing methodology of this parasitoid
and also implementing effective strategy for augmentative
biological control program against P. perpusilla under field
conditions.

Materials and methods
Host plant

Sugarcane seed setts (Co 238) were sown in the field at the
Punjab Agricultural University’s Entomological Research
Farm in Ludhiana (India). The crop was raised without any
plant protection measures. The fresh and young sugarcane
leaves were used for the rearing of host insect and parasitoid
cultures.
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Rearing of Pyrilla perpusilla

Pyrilla perpusilla culture was reared on sugarcane leaves
under controlled temperature (27 +2°C) and relative humid-
ity (70 +5%) conditions (Sharma and Shera 2021). Conical
flasks (250 mL capacity) were filled with water and two
fresh and healthy sugarcane leaves (size 40 cm) were placed
in each flask with their one-third part inside and two-third
part outside the flask. Cotton was plugged between the two
leaves of each flask to avoid the falling of pyrilla nymphs
and adults into the water. The flasks (2—4 in number) were
kept in aluminum screen cages (30 cm x 30 cm x 45 cm).
Pyrilla eggs, nymphs, and adults were collected from the
sugarcane fields and released into aluminium screen cages
for rearing on sugarcane leaves. Flasks containing fresh sug-
arcane leaves were changed on a regular basis for providing
fresh food to nymphs and adults.

Rearing of Fulgoraecia melanoleuca

Egg masses and cocoons (pupae) of F. melanoleuca were
collected from sugarcane fields. Pyrilla perpusilla culture
maintained on sugarcane leaves were used for rearing of the
parasitoid in the aluminium cages. Males and females were
sexed morphologically (Kumar et al. 2015) and were placed
in cages to allow for mating and egg laying on sugarcane
leaves. As a food for the adults, a cotton swab was dipped in
a 10% honey solution and hung in each cage. For parasitism,
sugarcane leaves with newly deposited eggs were collected
and placed in the cages with pyrilla population (nymphs and
adults).The experiment was conducted with newly hatched
eggs from a maintained culture.

Biological parameters on host nymphs and adults

Two hundred individuals from each of the five nym-
phal instars (1st, 2nd, 3rd, 4th, and 5th ) and adults (male
and female) of P. perpusilla were taken from the culture
maintained under laboratory conditions to investigate the
biological parameters. With the use of an aspirator, they
were released in separate aluminium screen cages (size
30x30x45 cm) on sugarcane leaves held in water filled
conical flasks. Sugarcane leaf bits having parasitoid egg
masses were stapled on the underside of the sugarcane leaves
in cages (4-7 days old egg masses) of F. melanoleuca for
parasitism of pyrilla nymphs and adults. To record different
parameters, twenty individuals of each stage (5 replicates;
n=100) showing symptoms of parasitism were extracted
and preserved in separate plastic vials (35 mm diameter
100 mm height). Parasitized nymphs and adults of P. per-
pusilla were differentiated by presence of white cottony
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cushion on back and on pleural part of abdominal region,
respectively. Sugarcane leaves in small pieces were offered
as food for the pyrilla nymphs in each vial. On one side,
leaves were enfolded in water-soaked cotton to keep them
turgid.Observations were recorded on various parameters
like larval survival, larval period, pupal/chrysalis survival
(adult emergence), pupal/chrysalis period, sex-ratio (%
female progeny), adult longevity, total development period,
fecundity, pre-oviposition, oviposition and post-oviposition
periods to assess the preference of parasitoid among differ-
ent P. perpusilla life stages.

Larval survival The larval survival was worked out by divid-
ing the pupae formed from parasitized nymphs or adults of
pyrilla with total number of parasitized nymphs or adults
initially.

Larval survival (%) =

No. of pupae formed from parasitized nymphs or adults of pyrilla % 100

Total No. of parasitized nymphs or adults

Larval period The duration from hatching of eggs to forma-
tion of pupa after death of parasitized nymphs or adults was
considered as the larval period.

Pupal/chrysalis survival (adult emergence) The pupal/chrys-
alis survival was calculated out by dividing the number of
pupae from which the adult emerged with the total number
of pupae formed initially.

Pupal /chrysalis survival (%) =

Number of pupae from which the adult emerged % 100

Total number of pupae formed

Pupal/chrysalis period The time duration between forma-
tion of pupa (cocoon) to adult emergence was considered as
pupal/chrysalis period.

Sex-ratio The parasitoid adults emerging from cocoons were
differentiated morphologically into males and females based
on their wing colour and antennal structure (Kumar et al.
2015). The sex-ratio was calculated by dividing the total
number of males with the total number of females.

Adult longevity (male and female) The time period starting
from adult emergence from the cocoons till their death was
considered as longevity of the adults for both the sexes.

Total development period The time duration right from
hatching of eggs till death of the adult was considered as
the total development period.

Pre-oviposition, oviposition and post-oviposition periods A
pair of male and female adult was released in an aluminium

screen cage having sugarcane leaves kept in conical flasks
filled with water for egg laying. A cotton swab was hung
in each cage after dipping in 10 per cent honey solution as
food for the adults. The time period between newly emerged
female adults until it started egg laying was recorded as pre-
oviposition period. After mating, female immediately started
egg laying and duration till it continued egg laying was con-
sidered as its oviposition period. After egg laying, the time
interval for which the female survived was taken as post-
oviposition period. The time period was recorded with the
help of stopwatch. The experiment was replicated five times.

Fecundity The number of eggs laid by a female in an egg
mass was counted using binocular stereo microscope (SZ40,
Olympus, India) to determine the fecundity per female.

Data analyses

The mean and standard error of the mean are used to pre-
sent all data (SE). Because the data on percent survival
was not normally distributed, it had to be translated into a
new set of scores with a bell-shaped distribution. Prior to
analysis of variance, the % data on larval and pupal/chrys-
alis survival were arcsine transformed. The count data of
eggs was normalised using the square root transformation.
Before statistical analysis, the values of 0% and 100% were
replaced by 1/4n and 100-1/4n, respectively. The data on
the larval duration, pupal/chrysalis period, adult longevity,
total developmental period, and reproductive parameters
were normally distributed and analysed using ANOVA.
Tukey’s test was used to differentiate the means. The sig-
nificance level was calculated by comparing the parasi-
toid’s developmental and reproductive parameters on adult
male and female hosts using the student’s t-test. IBM SPSS
22.0 for Windows was used to conduct all statistical tests
(IBM Corporation, Armonk, New York, USA).

Results

Biological parameters of F. melanoleuca on P.
perpusilla nymphs

Larval period and survival

The larval survival rate and larval period of F. melano-
leuca showed significant differences on various nymphal
stages. Among nymphal stages, the larval survival was
highest on 4th nymph and significantly lower on 2nd
nymph (Fig. 1). Similarly, the larval period was also sig-
nificantly higher on 4th nymph while, it was lowest on 2nd
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Fig. 1 Larval survival (%) of 100.00 -
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nymph as compared to other nymphal stages (F=127.08;
df=3, 16; p<0.0001; Table 1). It is pertinent to mention
that no successful parasitism was observed on 1st nymph.

Pupal/chrysalis period and survival

The survival rate and duration of F. melanoleuca pupal/
chrysalis on various nymphal instars of P. perpusilla showed
significant differences. Highest pupal/chrysalis survival was
recorded on 4th instar nymphs and it did not differ signifi-
cantly from survival on 5th instar nymphs. Significantly
lower pupal/chrysalis survival was observed on 2nd nymphal
instars (Fig. 2). The pupal/chrysalis period did not differ
significantly on 3rd instar, 4th instar and 5th instar nymphs
of P. perpusilla. However, lowest pupal/chrysalis period
was recorded on 2nd instar nymphs (F=30.71; df =3, 16;
p<0.0001; Table 1).

Sex-ratio

The sex-ratio of F. melanoleuca adults was female-biased
on all the nymphal instars of P. perpusilla. Among differ-
ent nymphal stages, relatively more female adults (1:1.86)
emerged from 4th instar nymphs followed by Sth instar
(1:1.80) and 3rd instar (1:1.60) nymphs. However, the sex-
ratio of male and females was 1: 1.25 on 2nd instar nymphal
stage (Table 1).

Adult longevity (male and female)

Females lived longer than males in F. melanoleuca adults
from distinct nymphal instars of P. perpusilla (Table 1).
The longevity of adult female from 4th instar nymphs
was significantly higher (5.73 +0.12 days) as compared to
4.02 +0.05days from 5th instar nymphs and 3.83 +0.09days

Table 1 Effect of P. perpusilla nymphal stages on the developmental parameters of F. melanoleuca

Host stage (Nymphs) Mean duration (+ SE,;)) in days* Sex ratio

Larval period Pupal period Adult longevity Total development period @:®
Male Female Male Female

1st ok &k sk k3k *k sk ok

2nd 5.30+0.24 3.10+0.33 0.21+0.03 0.25+0.03 8.38+0.15 8.30+0.13 1:1.25

3rd 10.38+0.33 6.45+0.46 2.89+0.11 3.83+0.09 19.70+0.26 20.60+0.14 1:1.60

4th 12.10+0.20 7.41+0.30 3.54+0.16 5.73+0.12 23.00+0.31 25.22+0.31 1:1.86

5th 10.88 +0.27 6.43+0.24 3.47+0.13 4.02+0.05 20.75+0.30 21.30+0.34 1:1.80

LSD (p=0.05) 0.80 1.03 0.35 0.25 0.80 0.75 -

F value 127.08 30.71 180.84 792.26 615.52 864.69 -

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 -

*Mean of 5 replications; **no successful parasitism in 1st stage P. perpusilla nymphs
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Fig.2 Pupal survival (%) of 100.00 -
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from 3rd instar nymphs (F=792.26; df=3, 16;
p<0.0001). Similarly, adult males from 4th instar nymphs
(3.54 +0.16days) survived for longer duration and it did not
differ significantly from 5th instar nymphs (3.47 £ 0.13 days)
(F=180.84; df =3, 16; p <0.0001). However, both male and
female adults of parasitoid from 2nd instar nymphs of P. per-
pusilla survived only for 0.21 +0.03 and 0.25 +0.03 days,
respectively.

Total development period

The total development period of F. melanoleuca showed
significant differences among various host nymphal instars
(Table 1). In comparison to females, males had a shorter
developmental period. The total development period of F.
melanoleuca females was longest (25.22 +0.31days) on 4th
instar nymphs, whereas the duration on 5th instar nymphs
(21.30+0.34 days) and 3rd instar nymphs (20.60+0.14
days) was not significantly different from each other
(F=864.69; df =3, 16; p<0.0001). However, it was mini-
mum (8.38 +0.15 days) on 2nd instar host nymphs. Simi-
lar observations were recorded for adult males also. The
maximum developmental time (23.00 +0.31days) was

Host stage (nymph)

recorded on 4th instar nymphs, while it was minimum
(8.38 +0.15days) on 2nd instar nymphal stage (F=615.52;
df=3, 16; p <0.0001).

Pre-oviposition, oviposition and post-oviposition periods

Pre-oviposition period of F. melanoleuca was highest
(18.27 £0.25 min) in adults that were reared on 4th instar
P. perpusilla nymphs as compared to 15.35+0.23 and
13.58 +0.24 min in adults from 5th and 3rd instar nymphs,
respectively(F=95.87; df =2, 12; p <0.0001; Tables 2 and
3).The parasitoid females reared on 4th instar P. perpusilla
nymphs showed significantly longer oviposition period
(31.65 +0.44 min) which did not differ significantly from
females reared on 5th instar nymphs (31.54 +0.24 min)
(F=333.68; df =2, 12; p<0.0001) While, significantly
shorter oviposition period (22.16 +0.13 min) was observed
in females from 3rd instar nymphs (Table 3). Significantly
longer post-oviposition period (5.36 +0.24 days) was
recorded in parasitoid females on 4th instar P. perpusilla
nymphs as compared to 3.92 +0.08and 3.75 +0.07days in
females reared on 5th and 3rd instar host nymphs, respec-
tively (F=33.25; df=2, 12; p <0.0001; Table 3).

Table 2 Effect of P. perpusilla adult stage (sex) on the developmental parameters of F. melanoleuca

Host stage (Adults) Mean duration (+ SE,)) in days* Sex ratio
Larval period Pupal period Adult longevity Total development period @:9
Male Female Male Female
Adult male 10.52+0.18 8.32+0.10 3.95+0.07 4.60+0.11 22.74+0.34 23.42+0.21 1:1.66
Adult female 13.28+0.15 9.16+0.13 491+0.13 5.87+0.06 27.30+0.32 28.24+0.26 1:1.90
t- value 12.58 5.18 6.41 11.05 10.40 10.38 -
p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 -

*Mean of 5 replications
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Table 3 Effect of P. perpusilla nymphal stages on the reproductive
parameters of F. melanoleuca

Host stage (Nymphs) Mean duration (+SE, )*

Pre- Oviposition  Post-
oviposition period oviposition
period (min)  (min) period (days)
lst kek skek sksk
znd skokck skekk skskok
3rd 13.58+0.24  22.16+0.13 3.75+0.07
4th 18.27+0.25 31.65+0.44 5.36+0.24
Sth 15.35+0.23  31.54+0.24 3.92+0.08
LSD (p=0.05) 0.75 0.93 0.48
F value 95.87 333.68 33.25
p value <0.0001 <0.0001 <0.0001

*Mean of 5 replications; **no successful parasitism in Ist stage P.
perpusilla nymphs; ***no successful mating occurred in F. melano-
leuca adults from parasitized 2nd stage nymphs of P. perpusilla

Fecundity

The eggs laid by parasitoid females from 4th instar host
nymphs were significantly higher (845.03 eggs/female) fol-
lowed by females from 5th instar host nymphs (634.98 +1.89
eggs/female). However, lowest fecundity (318.75 +£0.52
eggs/female) was recorded in females reared on 3rd instar
nymphs of P. perpusilla (Fig. 3).

Biological parameters of F. melanoleuca on P.
perpusilla adults

Larval period and survival

The larval period of F. melanoleuca showed significant
differences when reared on male and female P. perpusilla

adults (t=12.58; p<0.0001; Table 2). The larval survival
and duration of the parasitoid was significantly longer on
adult females as against adult males (Fig. 4).

Pupal/chrysalis period and survival

The pupal/chrysalis period was significantly longer
(9.16+0.13 days) on female adults as against that recorded
on male adults (8.32 +0.10days) (t=5.18; p <0.0001;
Table 2). Significantly higher pupal/chrysalis survival was
recorded when the parasitoid was reared on adult female as
compared to adult male (Fig. 5).

Sex-ratio

The sex-ratio of F. melanoleuca adults was female-biased on
both the sexes of its host, P. perpusilla (Table 2). However,
more female adults (1:1.90) emerged on parasitized female
adults as compared to parasitized male adults (1:1.66).

Adult longevity (male and female)

The longevity of adult females that were reared on host
female adults was significantly higher (5.87 days) as com-
pared to females reared on host male adults (4.60+0.11days)
(t=11.05; p<0.0001; Table 2). Similar observations were
recorded for adult males of the parasitoid also (t=6.41;
p<0.0001).

Total development period (male and female)
Irrespective of host sex stage, the male adults developed

within shorter period of time as compared to females
(Table 2). The development time of female parasitoids

Fig.3 Eggs laid by parasitoid 1000.00 -
females emerged from various a
various parasitized nymphs of
P. perpusilla; Treatments with 1
different letters are significantly —_ 800.00 b
different according to a Tukey’s ic;
test at P <0.05. Error bars b=
represent the standard error of < 600.00 -
the mean &
o0
o0
= 400.00 -
.%} .
=
=
=
& 200.00
=
~—
=
0.00 T T .
3rd 4th Sth
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Fig.4 Larval survival (%) of 100.00 - a
F. melanoleuca when male and b
female adults of P. perpusilla T
were offered to the parasitoid 80.00 +
for parasitism; Treatments with - . 7
different letters are signifi- X
cantly different according to a =
student’s t-test at P <0.05. Error § 60.00 -
bars represent the standard error =
of the mean ’E

n

= 40.00 -
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=
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20.00 A
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was significantly more (28.24 +0.26 days) on female host
adult as compared to parasitoid reared on male host adult
(23.42+0.21days) (t=10.38; p<0.0001). Similarly, longer
development period (27.30+ 0.32 days) of male parasitoids
was recorded on female adult stage as against male adult
stage of its host (22.74 +0.34 days) (t=10.40; p <0.0001).

Pre-oviposition, oviposition and post-oviposition periods

The pre-oviposition period of F. melanoleuca female
adults was less than one hour on both the sexes of host
adult stage (Table 4). Significantly higher pre-oviposition
period (25.07 +0.32 min) was recorded in parasitoid adults
from host female adultsas compared to that from adult
males (18.06 +0.40 min) (t=13.61; p <0.0001).The para-
sitoid females that emerged from parasitized P. perpusilla

Host stage (adult)

adult females showed significantly longer oviposition
period (35.10+0.43min) in comparison to the females
that emerged from parasitized P. perpusilla adult males
(29.47+0.26 min) (t=11.41; p <0.0001; Table 4).Signif-
icantly longer post-oviposition period (5.73 +£0.11days)
was recorded in parasitoid females from P. perpusilla adult
females as compared to 4.47 +0.12days in females reared
host male adults(t=6.76; p <0.0001; Table 4).

Fecundity

The parasitoid females that emerged from parasitized
female adults of P. perpusilla laid significantly more eggs
(1024.65 +1.63 eggs/female) as compared to those which
emerged from parasitized male adults (763.79 +0.72eggs/
female) (Fig. 6).

Fig.5 Pupal survival (%) of F. 100.00 -
melanoleuca when male and a a
female adults of P. perpusilla
were offered to the parasitoid
for parasitism; Treatments with 80.00 -
same letters are not signifi- g
cantly different according to a =~
student’s t-test at P <0.05. Error C; 60.00 -
bars represent the standard error >
of the mean E

~ 40.00 -

<

="

=

=%

20.00 -
0.00 . .
Male Female
Host stage (adult)
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Table 4 Effect of P. perpusilla adult stage (sex) on the reproductive
parameters of F. melanoleuca

Host stage (Adults) Mean duration (+SE)*

Pre-oviposition Oviposition  Post-

period (min) period (min) oviposition

period (days)

Adult male 18.06+0.40 29.47+0.26 4.47+0.12
Adult female 25.07+0.32 35.10+043 5.73+0.11
t- value 13.61 11.43 6.76
p value <0.0001 <0.0001 <0.0001

*Mean of 5 replications

Discussion

Our results showed that the exposure of 1st instar nymphs
to the parasitoid resulted in cent per cent mortality of the
host before showing any signs of parasitism. High mortal-
ity might be due to parasitoid inflicted injuries in the early
nymphal instars which corroborates with findings of Bal
et al. (1990). Therefore, the development and reproduc-
tive parameters were possible only for parasitoids reared on
2nd to Sth instar nymphal and adult (both male and female)
stages of host.

The larval survival, larval period, pupal/chrysalis sur-
vival, pupal/chrysalis period and total development period
of the parasitoid was less on the younger nymphal instars as
compared to later instars of the host. This could be related to
the small size of the parasitoid and/or insufficient resources
for survival and development on younger nymphal instars.
Furthermore, the parasitoid feeding may have been too much
for the younger instar nymphs, causing them to perish early.

As a result of early death in younger instars of host, there
was early pupation in parasitoid and emergence of small
moths. However, the later instars (4th and 5th ) had sufficient
vigour and tolerance to support adequate feeding of the para-
sitoid. Mukerji and Venktaraman (1948) also reported that
in case of early death of the host, the parasitoid larvae were
unable to transfer to new host but pupated and produced
small moths. Likewise, adult longevity of parasitoid whose
larvae had fed on younger instars lived for shorter period
of time as compared to later instars. Shorter larval period,
pupal/chrysalis period, small size cocoons and emergence
of small moths might be possible reason for shorter adult
longevity in younger nymphal instars. Jervis et al. (2008)
and Lopez et al. (2009) also observed that in parasitoids, the
amount of dietary resources available during larval develop-
ment is a key predictor of progeny fitness. Regardless of host
stage, previous research (Rajak et al. 2006; Patel et al. 1993)
on larval period, pupal/chrysalis period, adult longevity, and
overall development period are in agreement with the cur-
rent results, with minor differences that could be attributed
to host stage and environmental variables. However, stud-
ies by Madan and Chaudhary (1991) on effect of host age
revealed no significant differences in larval and pupal/chrys-
alis period of the parasitoid when reared on 5 to 30 days old
nymphs are in variation with the present results. However,
they also reported that pupal/chrysalis rate increased with
increase in age of nymphs upto 15 days old nymphs and was
minimum on 5 days old pyrilla nymphs are in agreement
with the our findings.

The fitness of F. melanoleuca was comparatively more
when reared on adults as compared to nymphs of P. perpu-
silla, which may be due to sufficient vigour and resources
available for the parasitoid larvae from adults. However
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females emerged from para- a
sitized male and female adults
of P. perpusilla; Treatments < 1000.00 - =5
with different letters are signifi- =
cantly different according to a g b
student’s t-test at P <0.05. Error & 800.00 -
bars represent the standard error = =

)
of the mean o0

— 600.00 -

iy

=

=

S 400.00 -

=

=

o 200.00 -

—

0.00 T .
Male Female

@ Springer

Host stage (adult)



International Journal of Tropical Insect Science (2023) 43:373-382

381

between the sexes, the survival and development parameters
of parasitoid was more when reared on female adult host as
compared to male adults. Female adults might have provided
adequate and uninterrupted food resources as they do not
disturb and dislodge the parasitoid larvae for their body by
frequent jolts and during jumping as they are basically slug-
gish in nature unlike males (Misra and Krishna 1986; Madan
and Chaudhary 1991) have reported no effect of host adult
age (1 to 30 days old pyrilla) on the larval period, pupal/
chrysalis period and adult emergence, however, pupation
rate increased with increase in age of adults upto an age of
20 days.

The sex-ratio of F. melanoleuca adults was female-biased
on all the host stages which are in conformity with the stud-
ies conducted by Bal et al. (1990). However, more female
progeny was observed in later nymphal instars and female
adult host. This is related to the host size-dependent sex
allocation concept (Charnov et al. 1981), which suggested
that bigger size hosts may generate a higher proportion of
females due to greater dietary requirements and reproduc-
tive benefits for the female progeny. For successful bio-
logical control programmes, female-biased sex ratios are
greatly desired because mature females are responsible for
controlling insect pest populations (through host feeding
or oviposition) (Berndt & Wratten, 2005; Chow & Heinz,
2006; Ode & Hardy, 2008). This is especially important for
augmentative biological control, which aim to quickly sup-
press an insect pest population by mass-releasing enormous
numbers of insects raised in the insectaries. Our results
on the pre-oviposition period in conformity with studies
conducted by Madan and Singh (1981);Patel et al. (1993)
and Rajak et al. (2006) who reported it to be 1-31 min,
1-81 min and 1-35 min, respectively. The fecundity of F.
melanoleuca increased with increase in host age and was
comparatively more in the later nymphal instars. However,
4th instar pyrilla nymphs serving as host for F. melanoleuca
favoured a significant increment in number of eggs laid by
the parasitoid females as compared to 3rd and Sth instar
nymphs. The lower fecundity of parasitoid female moths
reared on younger nymphal instar may be due to their insuf-
ficient nourishment during immature period, shorter larval
duration and /or formation of small cocoons owing to early
death of the host. Early pupation and production of small
moths in case of early death of parasitized host has also been
reported by Mukerji and Venktaraman (1948). However, the
larval period of parasitoid was longer on 4th instar pyrilla
nymphs which could have provided sufficient opportunity to
the parasitoid larvae for ingesting adequate food resources
and ultimately yielded larger cocoons. A positive correlation
between cocoon size and fecundity of E. melanoleuca has
also been reported by Chandra and Tewari (1978). Moreover
the oviposition period, i.e. the duration for which eggs were

laid was significantly more in female moths from 4th instar
nymphs as against other nymphal instars which might have
also resulted in the enhanced egg yield. It is pertinent to
mention that no successful mating occurred between male
and female adults of F. melanoleuca whose caterpillars
derived nourishment from parasitized 2nd instar P. perpu-
silla nymphs. Due to poor nourishment and early death of
the host, there was early pupation and small sized cocoons.
The adults from these small sized cocoons were weak and
small in size. Further, they died prematurely or soon after
emergence from the cocoons.

The oviposition period in female adults was also more
when parasitoid was reared on female adult pyrilla as com-
pared to male adult which further led to significantly higher
egg deposition. The pyrilla females are basically sluggish in
nature as compared to males. This might be possible reason
that they do not disturb and dislodge the parasitoid larvae
for their body by frequent jolts and during jumping unlike
males. Due to favourable lodging on the body, females might
have provided the parasitoid larvae an opportunity to ingest
sufficient and uninterrupted quantity of food. Hence, more
egg yield was recorded in female moths whose caterpillars
fed on female pyrilla as compared to males. Similar find-
ings on fecundity of females (1021.8 eggs/ female) reared
on female host pyrilla have also been reported by Misra and
Krishna (1986). Madan and Chaudhary (1991) reported that
fecundity of E. melanoleuca varied from 794. 3 to 808.7
eggs per female which did not differ when reared on 1 to
30 days old pyrilla adults. The present results depicting the
oviposition period, post-oviposition period and fecundity of
F. melanoleuca corroborate with Madan et al. (1982), Patel
et al. (1993) and Rajak et al. (2006).

Conclusion

With regard to higher larval survival, adult emergence, more
proportion of females in the progeny, and higher fecundity;, it
can be inferred that 4th instar nymphs and adult females of
the host, P. perpusilla, were more suited for the parasitoid,
F. melanoleuca. These host stages can be gainfully exploited
for the mass rearing of the parasitoid under laboratory condi-
tions and subsequent use in the biological management of P.
perpusilla under field conditions.
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