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ARTICLE INFO ABSTRACT

Keywords: Bracon hebetor (Say) is an important parasitoid and played a suitable model role for bio control
Bracon hebetor programs. Pest management through biocontrol approaches such as plant extracts is an ecolog-
Parasitoid

ically responsive and enthusiastic means of reducing insect pests. The main objective of the
present research was to discover the efficiency and susceptibility periods of plant extracts for the
assessment of parasitoids. The toxicity of five plants (Cymbopogon nardus, Azadirachta indica,
Syzygium aromaticum, Datura stramonium and Parthenium hysterophorus) extracts were evaluated
against B. hebetor to detect the possible way forward to controlling insect pests along with the
adverse effects on beneficial insects. The data was recorded regarding mortality of B. hebetor, after
calculated time periods with different intervals of up to 2 days. Datasets were followed by a
statistical probe which exhibited significant results. The extracts of C. nardus, A. indica, S. aro-
maticum and D. stramonium exhibited non-toxic effects, whereas P. hysterophorus indicated low
toxicity annotations against investigated parasitoid. These investigations suggested that four
plants examined are not hazardous to the parasitoids whereas P. hysterophorus somehow has
detrimental effects at low toxicity levels. Further development of insecticide resistance mecha-
nisms in the parasitoid favors the enhancement of parasitoid efficacy with plant extracts. The
possible selective use of these plant extracts and their effects on the safety period of parasitoids
for integration with other approaches in sustainable pest management programs is discussed.

Plant extracts
Pest management
Environment sustainable control

1. Introduction

Imprudent and indiscriminate use of insecticides will result in resistance and disadvantageous, non-target effects and resultant loss
of biodiversity [1]. Configurations of chemical control in pest management programs could be injurious to the farming community,
exposure to fumigant volatiles and further pesticide scums in foods [2]. Further diets without chemical hassles to enhance the thrust
aimed at the pursuit of doable insect control approaches [3,4]. However, plant alleleochemicals in the host diet can not only affect the
fitness and survival of the phytophagous insect but also impact the growth, development and survival of parasitoids [5,6].

The use of natural insect enemies as biological control components is a more environmentally sound alternative means of pest
management that could potentially reduce the use of chemical control [7]. Biocontrol pest management is an ecologically
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approachable and dynamic means of reducing insect pests and mitigating food security. Further through these techniques, insect pests
and plant diseases may be controlled by utilizing microbes, plant extracts, fungi, nematodes, parasites and predators. In arachnids, for
instance, mites and spiders are helpful. Parasitoids and predators work on various types of insects and will consume many throughout
their lifespan. The exploitation of these beneficial creatures in biological management programs has a prodigious significance owing to
ecological value [8].

The Parasitoid wasps group of hymenopteran insects is distinguished biological control representatives for arthropod pests in
agricultural and forest ecosystems. They play an important role in suppressing pest population densities [9]. Bracon hebetor as ecto-
parasitoid has perceived vigorous nature for easy to rear and suitable model mediator organism for biocontrol programs. Bracon
hebetor plays an important parasitism role in significant insect diaspora belonging to families Noctuidae and Pyralidae [10,11]. These
also exhibited suitability to huge storage lodgings where wasps find sufficient food and breeding sources in stored grains including
lepidopteron [8,12-17]. In Asia, B. hebetor feeds on huge quantities of hosts fitting in order Lepidoptera [18]. It promptly consumes the
foodstuff and reduces the blood proteins in larval phases of greater wax moth Galleria mellonela [19]. Further it may also attack
coleopteran larvae [20] and remained the remarkable ecto-parasitoid of Heliothus species [21]. Some species of host insects perform
better for parasitoid reproduction, for instance the mediterranean flour moth and stored grain borer than the American bollworm and
forest tent caterpillar [22,23]. Prevalent varieties of plant metabolites comprising essential phenolic compounds were discovered that
prevent herbivorous insects from nourishing. There are about 2.5 million plant types of estimation and among these over 2000 are used
in pest control. More than 1000 revealed entomological significance, about 400 are antifeedants, 300 repellencies, 27 attractants and
31 displayed growth inhibiting characteristics [24]. Plant extracted metabolites play an important role in mediating interactions
among plants, insect hosts and their parasitoids. These chemical compounds have detrimental effects on the growth periods of her-
bivores and their natural enemies.

It has been suggested that plant extracts and essential oils could be used in combination with biological control in insect control
programs [25]. On the other hand, integrating the application of parasitoids, predators, pesticides and plant extracts for pest man-
agement needs appropriate information for the selective influence of these chemicals on ecological adversaries.

Due to the ecologically significant importance of plant extracts, these have emerged as an imperative alternative use of fumigant
insecticides [26]. The pest control techniques may be adopted for an essay, economical and innocuous scheme [27,28]. The effect of
metabolites, for instance, methyl jasmonate and hexane plant extract of Inula racemosa was previously evaluated for B. hebetor using a
polyphagous pest, Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae), as its host [29,30]. The main objective of the present research
was to evaluate the effectiveness of selective plant extracts and their toxicity levels within the specified time periods against the
parasitoid.

2. Materials and methods

In the given research work, the efficacy of plant extracts was determined by the effect on B. hebetor. Collection of B. hebetor took
place from maize fields with the help of field aerial insect nets and experiments and rearing was performed. Greater wax moth
(G. mellonella) was treated as a host species for the rearing of B. hebetor.

Synthetic diet was prepared for the rearing of host species which have sufficient quantities of multi vitamins, macronutrients, oat
bran, wheat flour, rice bran, yeast, wax, honey, glycerol and water in the appropriate concentration of ingredients following the
protocol of standard diets [31,32].

These components were mixed together with the help of a mixer and poured into the iron trays. After the preparation of a standard
diet by following the procedures, the diet was poured into glass jars of five kg. Eggs of wax moths were also placed in these jars, which
hatched after about two days. The diet was restocked timely with the break of three days when the larvae consumed it completely, until
pupae formed. Bracon hebetor adults were taken in to the laboratory to raise wax moth 4th instars larvae and kept under standardized
conditions (25 + 2 °C, 60 + 5 % R.H. photoperiod of 16 L: 8 D).

Extraction and standardization was performed by following the concept of preparing plant extracts for insect experimental pur-
poses through proper and timely collection, authentication, adequate drying, and grinding. This is followed by extraction, fraction-
ation, and isolation of the bioactive compound where applicable. Additionally, it includes determination of the quantity and quality of
bioactive compounds.

Five different plants (Table 1) were collected from village localities. First of all, the plants were washed with water, air dried
separately at room temperature for two weeks. The dried parts were in the oven at 50 °C and kept for 20 min. Fully dried parts were cut
into small pieces and grinded with the help of a grinder. Then 50 g of powdered form extract was mixed with 500 ml of hexane and
distilled water at a ratio of 1:10 (W/V) in a conical flask. The solution was mixed following the protocol of mixing rotational apparatus,

Table 1
Five plants extracts along with their sources during the studies.
Sr. No. Plant Names Scientific Name Family Source
1 Citronella Cymbopogon nardus Poaceae leaves and stem of lemon grass
2 Parthenium Parthenium hysterophorus Asteraceae shrubs of flowering plants of daisy family like sunflower
3 Clove Syzygium aromaticum Myrtaceae From the cloves
4 Datura Datura stramonium Solanaceae flowering plants, rich source of phosphorus and calcium like jimson wood seed
5 Neem Azadirachta indica Meliaceae Obtained from crushing of seeds and fruits of neem
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removed traces of solvent and filtered with the help of Whatman filter paper. Finally, extracts were collected separately in a glass flask.
Aqueous solutions of plant extract at 2.5, 5, 10 and 20 % were also prepared [33-36]. Therefore, prepared stock solution doses of the
appropriate quantity were applied on B. hebetor. Paper cards with a length of 5 x 7 inches were used for the separation of larvae. Larvae
of wax moths got stability on paper as well as into card cervices after 48 h, and started to form web around card and paper. The cards
and their spaces allowed B. hebetor for extra parasitism and rearing in huge numbers. Adult females laid eggs in the larval body of the
host through the phenomenon of parasitoidism. Larvae feed on the host and pupa is the non-feeding stage. After 3-5 days, the adult
gets out of the pupae of the host. Plant extracts were applied, for instance (S. aromatic, C. nardus, D. stramonium, A. indica and
P. hysterophorus) against B. hebetor with micro-syringe applicator on the thoracic region of insect samples. After the application of
appropriate dose, mortality was noted with specific time intervals. Datasets were generated in three replicates and LCsq values were
calculated to evaluate the toxicity levels.

A complete randomized block design (CRBD) was followed for the interpretation. After the collection of datasets, we analyzed the
data through a graphical method and since these data fulfill parametric assumptions which showed that the distribution of datasets is
normal. The statistical analysis was performed using statistical Analysis of Variance test two-way (ANOVA) and Tukey’s multiple
comparison test to differentiate between treatments and/or concentrations with software SAS, v. 9.4 and SPSS, v. 9.2. Statistical
significance was established at (p < 0.05). Data was also analyzed by probit analysis using the Polo Plus program (LeOra 2003) to
calculate lethal concentrations (LC50s).

3. Results

The applications of five different plant extracts (Table 1) with different concentrations against Bracon hebetor were performed
(Tables 2-3) along with toxicity levels and datasets after (3h—2 days) were perceived (Table 4).

During the study, evaluation of the biological development and survival rate of parasitoids in five diverse plant hosts (Table 1) were
conducted, which fluctuated meaningfully in masses. In the broad-spectrum, entire host kinds being veterans during the investigation
had noteworthy consequences on the growth factors of parasitoids (Fig. 1).

3.1. Clove (Syzygium aromaticum)

The mean mortality rate of B. hebetor against the application of 125 ppm, 250 ppm, 500 ppm, 1000 ppm and 2000 ppm of
S. aromaticum was noted (37.60, 44.0, 48.80, 54.0 and 59.60) respectively with F (5, 20) = 86.15 and significance <0.001. Control
experiments exhibited 1.80, mean mortality of parasitoid populations (Fig. 2, Table 2). Whereas the mortality rates of the B. hebetor
after 3, 6, 12, 24 and 48 h were exhibited as 24.67, 36, 43.67, 44.50 and 56 respectively with F (4,20) = 32.48 and significance <0.001
(Figs. 2-3, Tables 2-3). Datasets are statistically significant.

3.2. Citronella (Cymbopogon nardus)

Plant extract C. nardus showed mean mortality of B. hebetor against the application of 125 ppm, 250 ppm, 500 ppm, 1000 ppm and
2000 ppm were revealed (28.80, 34.0, 37.60, 41.20 and 45.60) respectively with F (5,20) = 56.54 and significance <0.001. Control
treatments exhibited 1.40 mean mortality rates (Fig. 2, Table 2). Whereas the mortality rates of the B. hebetor after 3, 6,12, 24 and 48 h
were exhibited as 20.67, 23.33, 28.33, 37.17 and 47.67 respectively, with F (4,20) = 33.09, and significance <0.001 (Fig. 3, Table 3).
Datasets represented statistically significant values.

Table 2
Means values of different plant extracts against B. hebetor with relation to concentrations.
Concentration
Control 125 ppm 250 ppm 500 ppm 1000 ppm 2000 ppm F-value Sig.
(Means + (Means + SD) (Means + SD) (Means + SD) (Means + SD) (Means + SD)
SD)
Clove (Syzygium 1.80 + 37.60 + 44.00 + 5.92 48.80 + 7.54 54.00 + 6.64 59.60 + 8.50 F (5,20) = <0.001
aromaticum) 0.68 05.06 86.15
Citronella (Cymbopogon 1.40 + 28.80 + 34.00 + 37.60 + 41.20 + 45.60 + F (5,20) = <0.001
nardus) 0.95 3.46 03.11 2.20 3.21 3.67 56.54
Parthenium 1.60 £ 50.80 + 56.40 + 62.40 £ 66.40 + 72.00 £ F (5,20) = <0.001
(Parthenium 2.30 9.27 8.46 5.58 6.15 4.42 75.18
hysterophorus)
Dhatura (Datura 1.80 + 32.00 + 43.60 + 50.40 + 54.80 + 58.40 + F (5,20) = <0.001
stramonium) 0.49 6.94 7.78 4.53 7.37 2.28 89.05
Neem (Azadirachta 1.40 + 22.00 + 26.40 + 30.40 + 36.80 + 42.40 + F (5,20) = <0.001
indica) 0.95 4.24 3.18 5.18 7.29 6.23 126.67
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Table 3
Means values of different plant extracts against B. hebetor with relation to time of application.

Time (Hours)

3 h (Means + 6 h (Means + 12 h (Means + 24 h (Means + 48 h (Means + F-value Sig.
SD) SD) SD) SD) SD)
Clove (Syzygium aromaticum) 24.67 + 4.46 36.00 + 4.01 43.67 £ 4.75 44.50 + 5.37 56.00 + 5.36 F (4,20) = <0.001
32.48
Citronella (Cymbopogon nardus) 20.67 + 23.33 + 28.33 + 37.17 + 47.67 + F (4,20) = <0.001
2.18 2.75 4.94 5.53 7.28 33.09
Parthenium (Parthenium 30.00 + 44,67 + 57.67 + 61.50 + 64.17 + F (4,20) = <0.001
hysterophorus) 6.42 6.86 7.01 7.34 9.78 27.80
Dhatura (Datura stramonium) 25.00 + 38.00 + 4233 + 44.67 + 5.68 50.83 + 5.74 F (4,20) = <0.001
4.53 5.88 6.75 22.65
Neem (Azadirachta indica) 32.00 = 26.33 + 22.67 + 21.50 += 30.33 £ F (4,20) = <0.001
7.75 4.33 3.19 3.09 2.46 15.70

3.3. Parthenium (Parthenium hysterophorus)

Plant extract P. hysterophorus revealed the mean mortality of the tested parasitoid against the application of 125 ppm, 250 ppm,
500 ppm, 1000 ppm and 2000 ppm were calculated (50.80, 56.40, 62.40, 66.40 and 72.00) respectively with F (5,20) = 75.18 and P-
values < 0.001. Control treatments exhibited 1.60 mean mortality rates (Fig. 2, Table 2). Whereas the mortality rates of the B. hebetor
after 3, 6, 12, 24 and 48 h were exhibited as 30.00, 44.67, 57.67, 61.50 and 64.17 respectively, with F (4, 20) = 27.80, and significance
<0.001 (Fig. 3, Table 3). Datasets exhibited statistically significant values, respectively.

3.4. Datura (Datura stramonium)

Plant extract D. stramonium discovered the mean mortality of experimented parasitoid against the application of 125 ppm, 250
ppm, 500 ppm, 1000 ppm and 2000 ppm was calculated (32.00, 43.60, 50.40, 54.80 and 58.40) respectively with F (5,20) = 89.05 and
significance <0.001. Control treatments exhibited 1.80 mean mortality rates (Fig. 2, Table 2). Whereas the mortality rates of the
B. hebetor after 3, 6, 12, 24 and 48 h represented statistically significant values like 25.00, 38.00, 42.33, 44.67 and 50.83 respectively,
with F (4, 20) = 22.65, and significance <0.001 (Fig. 3, Table 3).

3.5. Neem (Azadirachta indica)

The mean mortality of B. hebetor against the application of 125 ppm, 250 ppm, 500 ppm, 1000 ppm and 2000 ppm was calculated
(22.00, 26.40, 30.40, 36.80 and 42.40) respectively with F (5,20) = 126.67 and significance <0.001. Control treatments exhibited 1.40
mean mortality rates (Fig. 2, Table 2). Whereas the mortality rates of the B. hebetor after 3, 6, 12, 24 and 48 h represented significant
values such as 32.00, 26.33, 22.67, 21.50 and 30.33 respectively with F (4, 20) = 15.70, and significance <0.001 (Fig. 3, Table 3).

The plant extracts concentrations of P. hysterophorus exhibited diminutive values of LC 5¢ (4.440, 3.056, 1.889, 1.575 and 1.392
mg/L) which proved to be minute toxicity levels against studied parasitoid followed by D. stramonium (5.396, 3.793, 3.251, 3.016 and
2.460 mg/L), S. aromaticum (5.429, 4.018, 3.138, 3.041 and 1.966 mg/L) and A. indica (4.429, 5.416, 5.815, 6.525 and 4.790 mg/L)
while C. nardus (6.199, 5.990, 5.242, 4.086, 2.762 mg/L) at variable time interludes of 3 h to 2 days (Table 4).

4. Discussion

The demonstrations in the exceeding results, P. hysterophorus exhibited high noxious effects on the biological mediation in this
arena. Consequently, these kinds of products will be avoided because of lethal properties for the natural antagonists of the insect pest.
Plant extracts with negligible to low toxicity may be utilized, such as (S. aromatic, C. nardus, D. stramonium, and A. indica) have
compatibility with parasitoids in integration of insect controlling programs. The chemical and biological control in combination of
strategies is an essential icon of integrated pest management (IPM) programs [2].

The current findings revealed that Bracon species have the capacity to parasitize [37] diversified host species including lep-
idopetera and coleoptera. The range for parasitizing ability of such species who are phylogenetically detached could possibly be the
first step of parasitical magnitude [38,39]. The present findings measured the reproduction, development and existence levels of
B. hebetor in five diverse plant extracts and variation in masses. Species with host behavior during the findings had substantial
consequence on the inclusive development of the parasitoid. The process of host selection for the parasitoids might be contingent of
phylogenetic remoteness [40]. Bracon hebetor is characterized by a wide-ranging host collection of agricultural products. The host
fitness of the parasitoids may deviate significantly according to competence [41] and it becomes imperative to determine the most
suitable host for a mass rearing program. The investigation research of the biological parameters of parasitoid B. hebetor on different
lepidopteran hosts has been studied in former research [22,41]. Auxiliary, wax moth larvae as a model for susceptibility testing and
acute toxicity trials [19].

Plant extracts and essential oils have numerous kinds of accomplishment comprising repellent and anti-feeding approaches, cuticle



Table 4

LCs values of different plant extracts against B. hebetor (n = 100), SE (Standard Errors), y 2 (Chi square).

Plant Extracts

Clove (Syzygium aromaticum)

Citronella (Cymbopogon nardus)

Parthenium (Parthenium hysterophorus)

Datura (Datura stramonium)

Neem (Azadirachta indica)

Time

3h

6h

12h

24h

48 h

LCso

5.429

4.018

3.138

3.041

1.966

Slopes
+ SE
0.257
+ 0.036
0.263
+0.034
0.293
+0.033
0.301
+0.033
0.307
+0.033

x2

17.226
31.720
41.445
29.072

46.480

Sig.

<.001
<.001
<.001

<.001

LCso Slopes %2 Sig
+ SE

6.199  0.240 13.874  .008
+ 0.038

5990 0.224 17.515  .002
+0.036

5.242 0.225 25.056 <.001
+0.034

4.086  0.224 29.480  <.001
+0.033

2.762  0.269 39.663  <.001
+0.032

LCso Slopes x2 Sig
+ SE

4.440  0.311 16.139  .003
+.036

3.056  0.282 46.455  <.001
+0.033

1.889 0.352 68.679 <.001
+0.034

1.575  0.362 66.293  <.001
+0.035

1.392  0.386 61.610 <.001
+0.036

LCso

5.396

3.793

3.251

3.016

2.460

Slopes
+ SE
.256 +
.036
.265 +
.033
.303 £
.033
.301 +
.033
.347 +
.034

x2

16.527
35.368
38.137
25.365

30.768

Sig

<.002
<.001
<.001
<.001

<.001

LC-50

4.429

5.416

5.815

6.525

4.790

Slopes
+ SE
270 £
.034
.236 +
.035
.247 +
.037
.209 +
.036
.246 +
.034

x2
24.103
20.248
14.329
7.733

11.096

Sig
<.001
<.001
.006
.102

.026

D 30 DASY W

1£9122 (£20Z) 6 UoAoH
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Fig. 1. Representation of procedural experimentations of Bracon hebetor populations against plant extracts.
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=
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Control 125ppm 250ppm 500ppm 1000ppm 2000ppm
Concentrations

Fig. 2. Representation of mean mortality of Bracon hebetor populations against plant extracts at diverse concentrations of plant extracts.

and molt shedding distraction as well as developmental resistivity [42]. Lemon and eucalyptus extracts and oils worked as fumigation
for mites [43,44]. Neem oil affords nauseating, hormonal disturbance and anti-feeding performance. Neem, A. indica extracts
comprising Salannin delivers repellant stuffs [45]. Dependency of insect mortality is based on concentration of the dose and ac-
quaintance of time delivered. Owing to the application of essential oils at different concentrations, a variable mortality of B. hebetor
was perceived. Neem, A. indica demonstrated no effects on parasitoids summarized (Schmutter et al., 1992) and exhibited low toxicity
than cypermethrin owing severe consequence on B. hebetor [46]. Neem, A. indica kernels assessed the repellency with no side effects on
mites and bees [47]. Neem, A. indica and canola Brassica napus can be utilized for the selective control of the population of parasitic
mites on bees [48]. Additionally, the chemical azadirachtin in the neem plant, A. indica, is the dynamic vital component for control of
pests, [49]. Consequently, plant extracts are a decent substitute for managing Varroa mites [11] along with other insect pests. Clove,
S. aromaticum, oil operated with about ninety percent reduction in ova emerging and a hundred percent larval reduction for the greater
wax moth [50]. No side effects established by exploiting plant extracted oils on parasites [51]. Subsequently, the development of
chemical resistance in parasitoids may also favor the suitability of these botanicals and under a planned insecticide resistance man-
agement approach, insecticide resistance should be monitored regularly aimed at best constructive use of both botanicals and
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Bracon hebetor
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Fig. 3. Representation of mean mortality of Bracon hebetor populations against plant extracts at various time intervals.

parasitoids potential in pest management tactics for the control of insect pests.

Insecticide resistance to beneficial insects is an important component of pest-management programs [52,53]. Although resistance
to chemicals in beneficial insects is less well documented, nevertheless it has been revealed in various insects [54-56]. Bracon hebetor is
one of the most important and effective hymenopterans that have developed significant resistance to many frequently used pesticides
[57,58]. Bactrocera hehetor resilient strains into an integrated biochemical approach are necessary because this may expedite
improvement of resistance in associated parasitoids [59].

Plant extracts are used to control insects. Due to the co-occurrence of non-target insects with target insects, it is impossible to avoid
parasitoid exposure to chemicals [60]. These chemicals can limit the biocontrol services [61,62]. Assessments of the toxicity and
resistance caused by the chemicals applied to B. hebetor have also been reported in previous research [63,64]. However, it is not known
if toxic effects of chemicals or their metabolites can be passed directly from insects to adult parasitoids. In another study such as
Trichogramma [65], pesticides adversely impact beneficial insects and limit their application. The use of insecticide-resistant benefits
can support accomplishing better results. For instance, the release of the insecticide-resistant Trichogramma resulted in increased yield
and reduced pesticide application [66,67]. Various studies reported that resistant Trichogramma strains were used to control pests to
accomplish better insect management [68]. Summarily, the development of sound, bio biopesticide application strategies aimed at
limiting toxic effects on released biocontrol fauna. The research presented in this manuscript is preliminary studies with special focus
on parasitoid. However, the host toxicity exploration, compatibility studies and detailed resistance mechanism will interpret in future
experiments.

5. Conclusion

Botanicals such as plant extracts have great prospects for utilization in integrated insect control. The outcomes of the investigations
exhibited that ecologically innocuous handling should be selected in applied pest management programs with biological control fauna.
Cymbopogon nardus, A. indica, S. aromaticum and D. stramonium revealed comparatively low toxicity levels and are quite safer for
beneficial insects, and P. hysterophorus is more toxic to parasitoids at low levels. Plant extracts have proved to be the best result for
integration with parasitoids to control field insect pests. The findings of the present study indicated that all plant extracts except
P. hysterophorus are promising as safe natural products for insect control and for sustainable pest protection. Also, these extracts proved
to be cheap, harmless to the parasitoids and environmentally friendly and fit well into pest management programs for alternatives and
or with other control measures. The detailed insect resistance mechanism in host parasitoid interaction will be accomplished in future
studies.
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