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Abstract

Background: Diadegma insulare (Cresson) is the most efficient parasitoid of Plutella xylostella (L.) in cruciferous
crops. Considering its effectiveness, the present study was performed to investigate the impacts of cauliflower and
cabbage cultivars under 3 different temperature regimes on the parasitism efficiency and offspring sex ratio of D.
insulare.

Main body: This study revealed that D. insulare remained active at all the 3 temperatures (i.e., 19, 23, and 27 °C)
and on all selected cruciferous cultivars. However, 23 °C (along with 65±5% RH and 16L: 8D hours) was the most
suitable temperature, whereas relatively preferred host plant cultivars were the “White marble” (cauliflower) and
“Asha” (cabbage) at which comparatively higher parasitism rates (79.39 and 73.31%, respectively) were recorded.
Moreover, non-significant differences were observed in the offspring sex ratios of the parasitoid at different
temperature regimes; however, minute differences were found among studied cruciferous cultivars.

Conclusion: Overall, “White marble” (cauliflower) and “Asha” (cabbage) were recommended to be used as potential
host plant cultivars for mass rearing of D. insulare.
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Background
Plutella xylostella (Linnaeus) (Lepidoptera: Plutellidae) is
the most devastating pest of cruciferous crops all over
the globe (Cobblah et al. 2012). P. xylostella has the po-
tential to damage all plant parts above the soil causing
crop yield losses up to 90% round the year (Oke 2008).
Ecofriendly management practices can be performed

against the insect pest by utilizing two key biotic factors,
i.e., host plants and natural enemies (Kfir 1997).
Host plants act as the primary interface between insect

pests and their parasitoids; moreover, they also interact
and affect the parasitoid’s efficiency (Howe and Schaller
2008). Besides direct impacts of host plant characteris-
tics on the parasitoids, plants may interact indirectly
through multitrophic associations (Stiling and Moon
2005). Host plants play a significant role during the bio-
ecological processes related to the parasitoids such as
parasitism, survival, and growth rates (Sarfraz et al.
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2008). According to Bjorkman (2000), leaf quality of
plants affects biological traits and host plant selection of
parasitoids. It has also been reported that parasitoid
complex of P. xylostella has different parasitism efficien-
cies in different cruciferous crops (Liu et al. 2000).
Diadegma insulare (Cresson) (Hymenoptera: Ichneu-

monidae) is one of the most efficient biocontrol agents
of P. xylostella (Dosdall et al. 2011). It is a tiny ichneu-
mon, koinobiont, host-specific wasp and larval endopar-
asitoid which may cause up to 80% parasitism in the
field populations of P. xylostella (Braun et al. 2004). The
D. insulare is considered to be the most beneficial para-
sitoid for the integrated management programs of P.
xylostella because of its synchronization with host life
cycle and comparatively outstanding efficiency (Xu et al.
2001). Considering the potential of this parasitoid, en-
hancement of its populations is desired for sustainable
management of its host insect pest. Despite the fact that
D. insulare has a key role in the management of field
populations of P. xylostella, research studies regarding
its parasitism efficiency, sex ratio, and multitrophic asso-
ciations are not common.
This study aimed to evaluate the impact of different

temperature regimes and host plant cruciferous cultivars
on the parasitism efficiency and sex ratio of D. insulare
and to enhance the mass rearing procedure of this im-
portant parasitoid.

Materials and methods
Experimental studies were initiated by the development
of 3 types of cultures, i.e., plant culture of cauliflower
and cabbage cultivars, P. xylostella culture, and D. insu-
lare culture. Insect rearing jars made up of transparent
plastic sheets and muslin cloth were used. Different
temperature regimes were maintained according to the
need of experimental studies, and to acclimatize with
the abiotic and biotic conditions, insects’ cultures (P.
xylostella and D. insulare) were reared for 3 generations
under similar conditions before performing a certain ex-
perimental study.

Plant culture of cauliflower and cabbage cultivars
Five cultivars, each of cauliflower (i.e., Smilla, White
marble, Cashmere, White magic, and TSX-C22) and
cabbage (i.e., Quisor, Stonehead, Baseball, Asha, and De-
light ball), were selected and grown from seeds into
seedling trays in glasshouse. Peltracom® growing media
were utilized to grow plants. After 5 weeks, plants were
transplanted into plastic pots having 7.5cm diameter
until hardening stage. At the age of 45–50 days, plants
were utilized for P. xylostella and D. insulare rearing and
further experimental studies.

Plutella xylostella culture
Larvae and pupae of P. xylostella were collected from
cauliflower/cabbage fields at Rawalpindi (Punjab,
Pakistan) sites. Collected larvae were brought into insect
growth chamber (25 °C, 65±5% RH, and 16L: 8D hours)
and released on fresh and untreated potted plants of
cauliflower/cabbage and placed in rearing jars, whereas
collected pupae were placed singly in glass vials, pro-
vided with honey solution (20%) soaked cotton plugs.
Plants were replaced (where needed) until the pupation
of feeding larvae, and then, developed pupae were
shifted to glass vials for adult emergence. To obtain the
moth’s progeny of homogenous age and acclimatize with
the host plant cultivars as well as abiotic controlled con-
ditions, separate plant cultivars were placed in separate
rearing jars and mated P. xylostella were released for 6 h
to oviposit. Emerged larvae were fed on relevant plant
cultivars, and developed pupae were collected in marked
glass vials singly. Emerging moths were used for further
rearing and research studies.

Diadegma insulare culture
Parasitized larvae and pupae of P. xylostella were col-
lected from cauliflower/cabbage crops at Rawalpindi
(Punjab, Pakistan) sites. Collected larvae were brought
into insect growth chamber (25 °C, 65±5% RH, and 16L:
8D hours) and released on fresh and untreated potted
plants of cauliflower/cabbage and placed in rearing jars
whereas collected pupae were placed singly in glass vials.
From this field collection, emerged adults of D. insulare
were identified and released into rearing jars for mating,
provided with honey solution (20%) soaked cotton swabs
in petri plates. To obtain the parasitoid’s progeny of
homogenous age and acclimatize with the host plant cul-
tivars as well as abiotic controlled conditions, nine pot-
ted plants from each cultivar were placed in separate
rearing jars along with ten third instar larvae of P. xylos-
tella on each plant. After that, 10 pairs of mated D. insu-
lare were released for parasitization in each rearing jar
for 24 h. Plants were replaced (where needed) until the
pupation of all the larvae, and then, developed parasit-
ized pupae were harvested and kept in marked glass vials
for adult emergence. Emerging parasitoids were used for
further rearing and research studies.

Parasitism and sex ratio of D. insulare
Twenty potted plants of each cultivar of cauliflower and
cabbage were used singly in separate rearing jars, and
each plant was infested with 10 newly molted 3rd instar
larvae of P. xylostella. One pair of 1-day-old mated D.
insulare was released for 24 h on 10 plants of each culti-
var whereas the remaining 10 plants received herbivores
only and served as control (without parasitoids). Insects
were observed daily, and the number of surviving larvae
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was recorded until pupation. Afterwards, pupae were
harvested and kept in the labeled glass vials provided
with honey solution (20%) soaked cotton plugs for emer-
ging adults and placed under required controlled condi-
tions. After adults’ emergence, parasitism (%) was
recorded and corrected by using control mortality. Fe-
males and males of parasitoid were identified on the
basis of ovipositor and counted for sex ratio determin-
ation. Similar experimental studies were performed
under 3 different temperature regimes (i.e., 19, 23, and
27 °C) along with 65±5% RH and photoperiod of 16L:
8D hours in SANYO incubator, MIR-254 (Netherlands).

Biochemical analysis
Plant leaves from each cultivar were collected, washed
with distilled water, and oven dried at 65 °C for 48 h.
After the achievement of constant weight, samples were
ground and subjected to different tissue nutrient ana-
lyses, following recommended procedures. Kjeldahl’s
(1883) method was followed for the determination of
total nitrogen (N) contents, whereas potassium (K) con-
tents were assessed by flame photometer (Knudsen et al.
1982) and phosphorus (P) contents were analyzed by
spectrophotometer (Anderson and Ingram 1993).

Statistical analysis
Parasitism (%) was determined using the following
equation:

Parasitism %ð Þ ¼ PDi � Ltð Þ � 100f g þMC

whereas corrected mortalities (MC) were obtained using
the Schneider-Orelli (1947) equation:

Mc ¼ treatment mortality% − control mortality%ð Þ
100 − control mortality%ð Þ

� �
� 100

Sex ratio was determined using the following equation:

Sex ratio ¼ number of emerged females
total number of emerged D:insulare

Completely randomized design was followed in factor-
ial manner for experimental layout and analysis of vari-
ance for parasitism and sex ratio in offspring of the
parasitoid. All the data were subjected to arcsine trans-
formation prior to ANOVA. Means of significant treat-
ments were compared using Tukey’s HSD test. Analysis
of the collected data was computed using Statistix 8.1
software (McGraw-Hill 2008).

Results and discussion
Parasitism efficiency and host plant preference by D.
insulare
Parasitism efficiency of D. insulare was observed to dif-
fer significantly on cruciferous cultivars under different
temperature regimes (Fig. 1). It was observed that under
19 °C (F = 8.21, DF = 90, P < 0.05), relatively higher
parasitism rate (43.06%) was recorded on “White mar-
ble,” whereas it was lower (20.06%) on “Smilla.” Under
23 °C (F = 12.9, DF = 90, P < 0.05), the highest parasit-
ism (79.39%) was observed on “White marble” which

Fig. 1 D. insulare’s efficiency on cruciferous cultivars under different temperature regimes
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was found non-significantly different to “Asha” (73.31%);
however, parasitism was minimum (50.0%) on “Delight
ball.” Under 27 °C (F = 7.24, DF = 90, P < 0.05), relatively
higher parasitism (61.49%) was observed on “White mar-
ble,” while it was lowest (37.46%) on “Delight ball.” Con-
sidering the parasitism efficiency of D. insulare in relation
to host plant cultivars, “White marble” and “Asha” were
found as the relatively preferred cultivars, while “Smilla”
and “Delight ball” were the comparatively less preferred
cultivars. It was evaluated that among the 3 temperature
regimes, the best performance of D. insulare was explored
at 23 °C; however, 19 °C was the least preferred.
Phytochemical analysis of all the studied cruciferous cul-

tivars was performed. According to the obtained results,
higher nitrogen contents were found in the cultivars
“White marble” and “Asha” (viz. 0.340 and 0.326%, re-
spectively), while lower nitrogen contents were found in
“Smilla” and “Delight ball” (viz. 0.213 and 0.175%, respect-
ively). Similarly, higher phosphorus contents were docu-
mented in cultivars “White marble” and “Asha” (viz. 0.046
and 0.044%, respectively), whereas lower phosphorus con-
tents were found in “Smilla” and “Delight ball” (viz. 0.023
and 0.024%, respectively). In contrast to these, higher po-
tassium contents were observed in cultivars “Smilla” and
“Delight ball” (viz. 0.294, 0.271%, respectively), while lower
potassium contents were found in cultivars “White mar-
ble” and “Asha” (viz. 0.169 and 0.164%, respectively).
Obtained results demonstrated that variation in

temperature regimes along with different cruciferous
cultivars influenced the parasitism efficiency of D.

insulare. It has also been reported in the literature that
both host plants (Vinson and Iwantsch 1980) and the
temperature regimes (Golizadeh et al. 2014) are the re-
sponsible factors to affect the parasitoid’s performance.
During the present study, “White marble” and “Asha” cul-
tivars showed higher nitrogen and phosphorus contents
than the rest. It has been well documented that nitrogen
and phosphorus are responsible for vigorous growth and
development in insect pests (Lu et al. 2007). This higher
level resulted in greater biological potential in host insect
(i.e., P. xylostella), which in turn result in better parasitism
rate. Present findings are comparable to the findings of
Sarfraz et al. (2009) who have reported similar results re-
garding efficient parasitism of D. insulare. Potassium is in-
versely proportional to the growth potential of insect pests
according to the previous studies conducted by Amtmann
et al. (2008). So, lower potassium contents in cultivars
have contributed to higher parasitism. These findings are
also in accord with the previous studies of Shah (2017)
who reported higher resistance in insect pests, and alter-
natively, this resistance results in lower parasitism.
The findings concerning the temperature regimes re-

vealed that parasitism (%) on cruciferous cultivars was
observed to be fluctuating and it was found minimum
under 19 °C and maximum under 23 °C, followed by
27 °C. Regarding temperature, similar trends in the fluc-
tuation of parasitism by Oomyzus sokolowskii on P.
xylostella were observed by Wang et al. (1999) and it
was recorded that parasitism remained increasing from
20 to 25 °C, while it decreased afterwards. Efficacy of O.

Fig. 2 Sex ratio in D. insulare’s progeny on cruciferous cultivars under different temperature regimes
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sokolowskii in the field populations of China was ob-
served by Liu et al. (1997), and when it was correlated
with temperature, relevant findings were documented.

Sex ratio in parasitoid’s progeny
During this study, sex ratio in the progeny of D. insulare
was non-significantly different under different
temperature regimes; however, minute variations were
reported among the studied cruciferous cultivars (Fig. 2).
These findings are comparable to the findings of Pandey
and Tripathi (2008) who reported a little variation in
most of the desired qualities like sex ratio of C. chlori-
deae in the range of 17–27 °C. Similarly, obtained results
showed minor changes in the sex ratio in the studied
cultivars which all belong to cruciferous crops. So, it was
well documented that parasitoids do not show signifi-
cant change in sex ratio within the similar plant family
as reported by Idris and Grafius (1993). It happens usu-
ally in the case of parasitoids which are adaptive to wide
range of temperatures like D. insulare. According to
Harcourt (1960), it is the general trend in the life cycle
of parasitoids that their male emergence proportion re-
mains higher than females and similar findings were ob-
served during the present study in most of the cases.
The present study reported that even varying levels of
nitrogen, phosphorus, and potassium in cabbage and
cauliflower cultivars did not affect the sex ratio in the
progeny of parasitoid. It can be concluded that in case of
D. insulare, sex ratio in the progeny may be a natural
phenomenon which does not alter by the cultivars
within the same family.

Conclusions
D. insulare was an active biocontrol agent of P. xylostella
in almost all utilized cruciferous cultivars and at all the
3 temperature regimes. The “White marble” (cauli-
flower) and “Asha” (cabbage) were the relatively pre-
ferred host plant cultivars for D. insulare, which may be
utilized to manage P. xylostella.
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