Evaluation in the laboratory of the effects of natural substance fractions, Cleomeviscosa,
Capsicumannuum and Strophantus hispidus on Diachasmimorphalongicaudataparasitoid
of the fruit flies,Bactroceradorsalis and Ceratitisspp.

Abstract

Diachasmimorphalongicaudataissuccessfullyused  to  control ~ Bactroceradorsalisand
Ceratitisspecies. Despiteitswidespread use as a biological agent, a limitednumber of
studiesreflectits pesticide-inducedmortality. This scarcity highlights the need for studies on
pesticide toxicity for the successfulimplementation of biological programs. Hence, the study
of mortality tests on D. longicaudatathroughdifferent fractions of C. viscosa, C. annuum and
S.hispiduswascarried out. The aim of the studywas to determine the: mortality of
Diachasmimorphalongicaudata in relation to each fraction. To do so, 1.5ml of each fraction
waspouredintoa vialcontaining 0.25g of cotton.Then, 20 parasitoidsweresucked in and placed
in the flasks, whichwerethencoveredwithcanvas and held in place withrubber bands. This
operationwasrepeated 5 times for each fraction. The insectswereobservedafter 24h and 72h,
consideringthatinsectswhichdid not respond to thetouch of a fine brushweredead.
Cleomeviscosafractions were not toxic to D. longicaudataafter 24h: Theinsectsdiedbecause of
the chloroform and methanol fraction of Cleomeviscosa (2.15%) after 72h. The fraction of C.
annuumin acetone (13.8%) and S. hispidus in methanol (9.2%) causedparasitoidmortality.
After 72 h, high mortality of D. longicaudatawasobservedwithS. hispidus in ethylacetatewith
a sensitivity rate of 33.35%, C. annuumin chloroform (24.5%) and S. hispidus in methanol
(20.45%). These tests revealedthat the ethylacetate fraction of S. hispiduswashighlytoxic to D.
longicaudata.
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Introduction

Fruit flies are-invasive peststhat damage the qualityof fruits in horticultural crops and cause
considerableloss of value. Managing fruit fliesisdifficultbecause of theirbiology, their
adaptation to differentregions and the diversity of their hosts. The oriental fruit
flyBactroceradorsalis (Hendel), is a notorious global pestinfesting fruits and vegetables. It
has developed a high level of resistance to manycommonlyused insecticides (Er-Hu, 2018).
The laterauthorshowedthat tyrosine hydroxylase (TH) isrequired for cuticletanning
(sclerotization and pigmentation) in manyinsectsand couldbe a potentialtarget in the control of
B. dorsalis. In addition to that, the use of deep-acting insecticides, mainlyorganophosphates,
is not permitted in manycrops, because of the risk of toxicresidues in fruits (Raga and Sato,
2016). Thus, the integration of management practices, such as the use of toxicbaits and the
action of parasitoids, has become an interesting alternative (Urbanejaet al. 2009). Spinosyne
(spinosad), neurotoxicacetylcholineagonists, have attracted attention becausethey are more
selectivetobeneficialinsectsthanorganophosphates (Crouse et al., 2001, Sparks et al., 2001,



Galm et Sparks, 2015, Schutzeet al., 2018), and have thereforebecome alternatives for the
management of the Mediterranean fruit fly.

Diachasmimorphalongicaudata (Ashmed) (Hymenoptera:Braconidae) is an important
parasitoid of fruit fliesworldwide, mainlybecause of itsease of rearing and intensive feeding of
host-seekingfemales (Garcia andRicalde, 2013, Garcia et al., 2017). This parasitoidspecies
has been successfullyused in many countries to control Anastrepha, Bactroceraand
Ceratitisspecies (Baranowskiet al.,1993; Vargas et al., 2001; Orozco et al., 2002; Benelliet
al., 2014.

This parasitoidis native to the Indo-Australianregionand is a koinobiontendoparasitoid of
variousTephritidaespecies. It isconsideredextremely effective in biological control programs
againstAnastrephaspp. and C. capitata (Garcia and Ricalde, 2013 ; Garcia et al., 2017).

Indeed, it has been introduced in Latin American countries (Lopezet al., 2009), in various
tropical and subtropical regions to control Anastrepha {(Diptera:Tephritidae) and
Ceratitiscapitata (Wiedemann) (Diptera: Tephritidae) species (Montoya et al., 2000). The
success of augmentative biological control depends on the ability of releasedparasitoids to
disperse and locateadultfood, shelter and hosts (Paranhoset al., 2008).

Because of the potential use of D. longicaudata in biological control of C. capitata and
spinosynes as lethal agents in toxicbait formulations, the toxicity of spinosad,
associatedwithfoodlures, wasevaluated in the laboratory, as well as the effects of spinosynes
on the parasitoid (Morgana et al., 2018). Morgana et al. (2018) worked on the concentration
and lethal duration of spinosyn-basedtoxicbaits on  Ceratitiscapitata  and
Diachasmimorphalongicaudata. The aim of thisstudywas to assess the lethal concentration
(LC) and lethal time (LT) of spinosad-and spinetoram, combinedwith the feedlures 7%
sugarcane molasses, 3% Biofruit, 1.5% Ceratrap®, 1.25% Flyral®, 3% lIscaSamarita® and
SamaritaTradicional® on C. capitata, in the laboratory, as well as theireffects, at a
concentration of 96 mg L-1, on D. longicaudata.

Simdé (2019) has shownthatorganicextracts of three plant species, Cleomeviscosa, Capsicum
annum and Strophantus:hispidus have interestingbiologicalactivity on bothspecies of fruit fly.
Furtherstudies are needed to evaluate the biologicalactivity of various fractions of these plant
extracts on naturalenemies.Studies are thereforeneeded to determinetheir possible
sublethaleffects on D. longicaudata. In Burkina Faso, little information isavailableon the
toxicity of plant extract-basedproducts on D. longicaudataparasitoids of fruit flies. Hence, the
need.for studies on the toxicity of plant extract-basedproducts on D. longicaudataparasitoids
of fruit flies for the successfulimplementation of biological programs. The aim of
thisstudywas to determine the mortality of Diachasmimorphalongicaudataassociatedwitheach
fraction (Capsicum annuum, Cleomeviscosa, Strophantus hispidus).

Materials and methods
1.1 Location of the tests

Our workwascarried out at the insectarium of the Institut de I'Environnement et de
Recherches Agricoles (INERA) in Farako-Ba (Burkina Faso). Rearing of B. dorsalis,
D.longicaudata and laboratory tests werecarried out at the biological control laboratory of the



Centre  National de  Spécialisation en  Fruits et Légumes (CNS-FL).
Aqueousextractswereextracted in the ecotoxicologylaboratory of INERAin Bobo-Dioulasso.

1.2 Equipment
The laboratoryequipmentincluded:

v Hemolysis tubes for extractpreparation;

v A vortex to homogenizesolutions;
v" Vials for biologicaltests;
v" Muslincloth to cover vials;
v Elastics to holdflasks ;
v' Thin-layer chromatographybowls;
v" Silica gel sheets for thin-layer chromatography;
v" Binoculars for insectobservation;
v UV chamber for readingchromatographicplates;
v" A camera for pictures.
1.3 Methods

1.3.1.RearingB. dorsalis in the laboratory

Rearing room conditions were 12 h/12 h photoperiod (dark/light), temperature 25-28°C,
relative humidity 60-70%.

Rearingconsisted in preparingegg-layingtrays (height 1lcm;diameter 10 cm), which are
yellowfunnelsperforated at regularintervals and linedwith a black clothsoaked in mangojuice.
The preparednestswerethenintroducedinto 25x25x25 cm breeding cages containingsexually
mature females and males (15 daysold). The scent of mangojuicediffusedthroughout the cage,
attractingfemaleB.dorsalis to deposittheireggsthrough the holes in the nesting boxes.

After 24 hours' exposure to the females, the egg-layingdeviceswereremovedfrom the
variousrearing-cages and the eggswerecollected by rinsing the funnels in water using a soft
brush. The collectedeggswereplaced on toiletpaper and deposited in small bowls containing
the nutrient medium for B. dorsalislarvae. The wholewasplaced in a large transparent basin
(height 11 cm;diameter 15 cm) containingsterilizedsandfromwhich the L3 stage larvae of B.
dorsaliswould jump and fall to becomepupae. The contents werecoveredwith a fine-
meshmuslincloth 5mm in diameter to allow air to circulate and prevent the
larvaefromemerging. The nutrient medium for B. dorsalislarvaewaswateredeverytwodays.
After 12 to 15 days of incubation, the sandwassieved to recover the pupae,
whichwerethenplaced in the cages for emergence. Afteremergence of B. dorsalis,
theywerekept in rearing cages and fedwitha mixture of yeasthydrolysateenzymatic (3
measures of cane sugar and 1 measure of yeasthydrolysateenzymatic) and drinkers (water-
filledbottleswith a piece of water-soakedcotton in the lid).

1.3.2.Method of rearingD. longicaudata in the laboratory



Diachasmimorphalongicaudatawasrearedunder the same conditions as B. dorsalis. The
rearingwascarried out usingB. dorsalis L3 stage larvae, previouslyobtainedfrom the rearingof
the aforementionedpest. Theselarvaewereplaced in ovipositionunitscontaining a nutrient
medium for future D. longicaudatalarvae. The ovipositionunitswerethenexposed in a cage to
sexually mature females of the parasitoid. The egg-layingunitswerefelt by D.
longicaudatafemales,  whopositionedtheirovipositors in the B. dorsalislarvae to
deposittheireggs.

DiachasmimorphalongicaudataeggshatchinsideB.  dorsalislarvae  and feed on B.
dorsalislarvae, whichthenbecomeparasitizedlarvae. After 24 h exposure, the egg-
layingunitswereremovedfrom the D. longicaudatarearing cages.
Bactroceradorsalislarvaeparasitized by the presence of D.
longicauadataeggswereremovedfrom the egg-layingunits and transferred: to tanks
containingsterilized, slightlymoistenedsand, wherepupationtook place. After 7 days, the
sandwassieved and the pupaecollectedwereplaced in cages . in* which water-
soakedcottonwasplaced and honey droplets (on the upperwall of the cage) for the feeding of
future parasitoids (theyfeed on the second and thirdlarvaldevelopment stages of B. dorsalis,
thentransformintoparasitoidpupae and subsequentlyemerge as parasitoidadults).

1.3.2.Effects of C. wviscosa, C. annuum and S. hispidus fractions on
Diachasmimorphalongicaudatamortality

1.3.2.1 Extraction method for active fractions
Preparation of Cleomeviscosa and Capsicum annuum n-Hexane extract fractions

A test portion of 6.28 g of the hexane extract fraction of C. viscosa and 15.81 g of C.
annuumwereeachdissolved in a minimal volume of extraction solvent. The resultingextract
solutions wereeach mixed withsilica gel for columns in ratios of 1:5 w/w (75 g for C. viscosa
and 100 g for C.. annuum). The" mixture of silica and extract of each plant
drugwashomogenizedwith a spatula, thendried at laboratory room temperature (30°C).
Afterevaporation.... of .« the ~ extracting solvent, a series of solvents of
increasingpolaritywassuccessivelyadded to the silica and dry extract mixture and transferred
to a one-liter Erlenmeyer flask, where 750 mL of the first solvent (toluene) in the
serieswasadded. Thus, the hexane  extract fraction of C.viscosa and
C.annuumwassuccessivelysub-fractionated by percolation withtoluene;chloroform; n-hexane
and. methanol.

The fractions collectedfromeachextractsamplewereconcentratedunderreduced pressure in the
rotary evaporator, thendried and weighed. The yield of eachextract fraction wasdetermined as
a percentage of the initial extract fraction test sample.

1.3.2. Preparation of Capsicum annuumethylacetateextract and Strophantus
hispidusmethanolicextract fractions

e Capsicum annuumethylacetateextract

A 14.72 g test portion of the most active C. annuumethylacetateextractwasdissolvedin 150 mL
of extractor solvent (analyticalethylacetate). The extract solution was mixed with 140 g of



silica gel for columnchromatography (Silica gel 60; 0.063-0.20 mm; Merck) in 1:10 m/m
ratios. The silica gel/extract mixture washomogenizedusing a spatula, thenplaced in a
ventilatedoven at a temperature of 45°C to remove the extracting solvent. The driedsilica-
extract mixture wastransferred to an Erlenmeyer flask and 250 mL of
analyticalacetonewasadded.

The solvent-extract mixture wasmacerated for 1 h, thentransferred to a glass
columnpercolator. After percolation by successive leaching to exhaustion with a total volume
of 750 mL of acetone, the silica gel and residualextract mixture wasmacerated and
percolatedsuccessively to exhaustion with 750 mL of chloroform, acetone, methanol and
ethylacetate. Fractionation of the ethylacetateextract of C. annuumyielded four extract
fractions (chloroform: 8.75g; ethylacetate: 0.02g; acetone: 2.88g; methanol: 0.239).

e Methanolextract of Strophantus hispidus

A mass of 859 g of dry methanolextract of S. hispiduswasdissolvedin 100 mL of
analyticalmethanol. The extract solution was mixed with 90 g of silica gel columnmaterial.

The mixture washomogenized and placed in an oven at 45°C to remove the solvent.
Afterevaporation of the solvent, the silica-extract mixture wasplaced in a cylindrical glass
percolator and successivelyleached to exhaustion withchloroform, ethylacetate, acetone and
methanol. Fractionation of the S. hispidusmethanolextractyielded four extract fractions
(chloroform: 6g; ethylacetate: 1.78g; acetone: 1.71g; methanol: 7.13g).

The extraction method for the active fractions wasperformedaccording to the
followingdiagram:
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Figure 1:Diagram of the preparation of the studyextract fractions
1.3.2.1Testing active fractions on Diachasmimorphalongicaudataadultmortality

The C. annuum fractions wereobtained by isolation and purification withchloroform of the
ethylacetateextract of C. annuum by preparativechromatography, sufficientlyisolated and
purified.

The sameapplies to the C. viscosa fraction and the chloroform fraction of the S.
hispidusmethanolextract.

The various fractions weusedwerepreviouslyobtained and stored in the refrigerator.

The evaluation of the active fractions of organic plant extracts (C. annumL, C.viscosal,
S.hispidusA. DC) on D. longicaudataadultswasdone _as follow: 100 mg of
extractsfromeachsamplewereweighed and placed - in a microtube to which 1mL of
acetonewasadded. The mixture wasdispersedusing a vortex. The mixture of organicextract
and acetonefromeachmicrotubewasthenpouredinto. 99 mL of water (Img/mL concentration).
20 5-day-old D. longicaudataadultsweresuckedinto cages deprived of food for 12 h.

These 20 adultswereplaced in vialswhichreceived a drop of 1.5 mL of each fraction on 0.25 g
of cottoncontaining 1 g of sugar.

Mortality of D. longicaudataadultscause by the extract fractions wasassessed by the mortality
rate of parasitoids at 24h and 72h afterexposure, consideringthatinsectswhichdid not respond
to the touch of a fine brushweredead. The experimentwasrepeated 5 times for
eachorganicextract fraction. In this case, wecarried out a technicalrepetition, whichconsisted
in running the different tests at the same time.

1.3.2.Data processing and analysis

The Microsoft Office 2019 Excel spreadsheetwasused to enter and process the collected data
and produce the various graphs. R software version 3.6.2 wasused for statisticalanalysis.
When the distribution of data did not follow the normal distribution, a non-
parametricKruskal-Wallis analysiswasperformed to detectdifferencesbetweentreatments.
Whentherewas a  significantdifferencebetweentreatments,  pairwisecomparison  of
meanswasperformedusing the pairwise t-test at the 5% threshold. Analyses wereperformed for
the followingparameters:

Mortalityrate;

- The percentage of observedmortality in control and treatedadultsisestimated by applying the
followingformula:

Mortalities in treated boxes (Mo) were expressed as corrected mortalities (Mc) according to
Abbott's formula, taking into account natural mortalities observed in control boxes (Mt)



MC%= (Mo-Mt*100)/ (100-Mt)

Observedmortality= [Number of deadindividuals/Total number of individuals] x 100.
The formulas belowwereused for the variouscalculations:

I1.Results and discussion

2.1 Extraction of plant substances

The most active extractsidentified, i.e. the n-Hexane fraction of C. viscosa and C. annuum,
yieldedsub-fractions rangingfrom :

- the toluene fraction, from 77.42% to 69.90%. The highestyieldwasobservedwithC.
annuumand the lowestwithC. viscosa;

- the chloroform fraction, from 46.34% to 17.90%. Capsicum annuumgave the highest
extraction yield;

-the n-Hexane fraction of Cleomeviscosa and C. annuumyieldedinsignificantextract masses
thatcould not bequantified by weighing;

-the methanol fraction variedfrom 19.75% to 11.07%. C. viscosa gave the highest extraction
yield.

Extraction yields for the varioussub-fractions.are given in Table 1below.

Table 1:Extraction yields of the n-Hexane fractionations of C. viscosa and C. annuum

Fractions Extract masses (Q) Yield (%)

Fractions.n-Hexane 0fC. viscosa

SF1.1 (toluene) 4.39 69.90
SF2.1 (Chloroforme) 291 46.34
SF3.1 (n-Hexan) Traces ND
SF4.1 (methanol) 1.24 19.75
Fractions n-Hexan of C. annum

SF1.2 (toluene) 12.24 77.42
SF2.2 (Chloroform) 2.83 17.90
SF3.2 (n-Hexan) Traces Traces
SF4.2 (methanol) 1.75 11.07

SF1= hexanicfraction ofC. visosa; SF2 = hexanicfraction ofC. annum

1 =toluene ; 2= chloroform ; 3= hexan ; 4= methanol

2.1 Yieldsfromfractionation of the ethylacetateextract of C. annum

Fractionation of the most active extract (ethylacetate) of C. annumyieldedextract
fractions rangingfrom 0.57% to 66.43%.



The highestextract fraction yieldwasrecordedwithacetone, and the
lowestwithethylacetate and 1-butanol (Table 2).

Table 2:Yields of C. annuumethylacetateextractfractionation

Fractions Extract masses(g) Yield (%)
Acetone (F1) 3.74 66.43
Methanol (F2) 0.36 6.38
Ethylacetate (F3) 0.03 0.58
1-butanol (F4) 0.03 0.57

2.1 Yields and chemical composition of active extract fractions
» Fractions recordedfromhexanolicextracts of Capsicum annuum

The yield of recordedfractions rangedfrom :  77.42% to- 11.07%. The
highestyieldwasobservedwithtoluene (77.42%) and the lowestwithmethanol (11.07%). The n-
Hexane fraction of C. annuumyieldedinsignificantextract masses thatcould not bequantified
by weighing. Extraction yields for the varioussub-fractions are shown in Table 3.

Table 3:Fractionationyields for the C. annuum fraction

Fractions Extract masses(g) Yield (%)
n-Hexane fractions of C. annuum

Toluene 12.24 77.42
Chloroform 2.83 17.90
n-Hexane Traces Traces
Methanol 1.75 11.07

» Fractions recordedfromethylacetateextracts of Capsicum annuum

Fractionationyieldsrangedfrom 0.13% to 59.44%. The highestyieldwasobservedwithC.
annuumin chloroform (59.44%) and the lowestwithC. annuum in ethylacetate (0.13%).
Extraction yields for the varioussub-fractions are given in Table 4.



Table 4:Fractionationyields for the C. annuum fraction

Fractions Extract masses (g) Yield (%)
Fractions of C. annuum in ethylacetate

Chloroform 8.75 59.44
Ethylacetate 0.02 0.13
Acetone 2.88 19.57
Methanol 0.23 1.56

» Fractions recordedfrommethanolextracts of Strophantus hispidus

Fractionationyieldsrangedfrom : 19.90% to 69.85%. The  highestyield(83%)
wasobservedwithC. annuumin methanol and the lowestwithC. annuum in acetone (19.90%).
Extraction yields for the varioussub-fractions are given in table 5:

Table 5:Fractionationyields for the S.hispidus fraction

Fractions Extract masses(g) Yield (%)
Fractions of S. hispidusin methanol

Chloroforme 6.00 69.85
Ethylacetate 1.78 20.72
Acetone 1.71 19.90
Methanol 7.13 83.00

The fractionation of the most active extracts (hexanic and ethyl acetate) of Capsicum annum and S. hispidus
methanol made it possible to obtain fractions which were the subject of insecticidal tests.

2.4, Mortality of Diachasmimorphalongicaudata due to C. viscosa fractions after 24
hours of observation

The statistical analysis showed that there is a very high significant difference between the
different fractions'of C. viscosa (p<0.001). After 24 hours of exposure, the control showed no
mortality of D. longicaudata adults (Table 6). The different fractions of C. viscosa showed
each, mortality rates of 1.07% compared to the untreated control. The statistical analysis did
not show any:.significant difference between them at the 5% threshold.

Table 6: Mortality of D. longicaudata due to Cleome viscosa fractions after 24 hours of
exposure

Exposureperiods




24h

Treatments Averagemortality rate (%)
Control 0.00 +0.00a

C. viscosa chloroforme 1.07 +0.40b

C. viscosamethanol 1.07 +0.40b

C. viscosatoluene 1.07 +0.40b

Probability <0.001

In each column, the values followed by the same letter are not statistically different at the 5% threshold
according to the pairwise-t-test.

2.5. Mortality of Diachasmimorphalongicaudata due to C. viscosa fractions after 72
hours of exposure

The statistical analysis showed that there was a very high significant difference between the
different fractions of C. viscosa (p<0.001) (Table 7). The different fractions.of C. viscosa,
showed mortality rates of 5% for C. viscosa chloroform and. C. viscosa methanol compared to
the untreated control. However, no mortality was observed with C.:viscosa toluene as well as
the control. Statistical analysis showed a significant-difference between them at the 5%
threshold.

Table 7: Mortality of D. longicaudata dueto Cleome viscosa fractions after 72 hours of
exposure

Exposureperiods

72h
Treatments Averagemortality rate (%)
Control 0.00 +0.00a
C. viscosa chloroforme 5.00+0.90b
C. viscosamethanol 5.00+0.90b
C. viscosatoluene 0.00+0.00a
Probability <0.001

In each-column,:the wvalues followed by the same letter are not statistically different at the 5% threshold
according to the pairwise-t-test.

2.5.1. Mortality of Diachasmimorphalongicaudata due to fractions of C. annuum and
S. hispidus after 24 hours of exposure

The statistical analysis showed that there was a very significant difference between the
different fractions of C. annuum and S. hispidus (p<0.001) (table 8). The different fractions of
C. annuum and S. hispidus, showed mortality rates of 9.83% compared to the untreated
control. Statistical analysis revealed a significant difference between them at the 5%
threshold. The C. annuum acetone fraction yielded the highest mortality rate of 13.8%,
followed by the S. hispidus methanol fraction (9.2%) and no mortality (0%) was recorded
with the C. annuum fractions with ethyl acetate and methanol as well as the untreated control.



Table 8: Mortality of D. longicaudata due to fractions of C. annuum and S. hispidus after 24
hours of exposure

Exposureperiods

24h
Treatments Averagemortaity rate (%)
Control 0.00£0.00 a
C. annuum chloroforme 4.60+0.14b
C. annuum acétone 13.80+2.01d
C. annuum méthanol 0.00+0.00a
C. annuum acétate d’éthyle 0.00+0.00a
S. hispidus chloroforme 4.60+0.14b
S. hispidus acétone 0.50+0.01a
S. hispidus méthanol 9.20+1.24¢
S. hispidusacétate d’éthyle 4.60+0.14b
Probability <0.001

In each column, the values followed by the same letter are not statistically different at the 5% threshold
according to the pairwise-t-test.

2.5.2.  Mortality of Diachasmimerphalongicaudata due to fractions of C. annuum and
S. hispidus after 72 hours of exposure

Statistical analysis showed that there was a very high significant difference between the
different fractions of C. annuum and S. hispidus (p<0.001) (table 9). The different fractions of
C. annuum and S. hispidus, showed different mortality rates of which the highest
one(33.35%)was observed with the fraction of S. hispidus ethyl acetate followed by C.
annuum with chloroform (24.5%)and S. hispidus with methanol (20.45%). The lowest rate
(0%) was observed. with C. annuum ethyl acetate as well as the untreated control. Statistical
analysis showed a significant difference between the different fractions at the 5% threshold.

Table 9: Martality of D. longicaudata due to fractions of C. annuum and S. hispidus after 72
hours of exposure

Exposureperiods

72h
Treatments Averagemortality rate (%)
Control 0.00+0.00 a
C. annuum chloroforme 24.50+3.04e
C. annuumacetone 18.40+2.31d
C. annuummethanol 9.20+1.25b
C. annuumethylacetate 0.00£0.00 a

S. hispidus chloroforme 13.80+2.01 c



S. hispidusacetone 13.80+2.01 c

S. hispidusmethanol 20.45+2.97 e
S. hispidusethylacetate 33.35£3.89 f
Probability <0.001

In each column, the values followed by the same letter are not statistically different at the 5% threshold
according to the pairwise-t-test.

2.6. Discussion

The C. viscosa fractions caused less mortality in adults of D. longicaudata after 24 hours of
exposure. This result could be explained by the fact that C. viscosa fractions are less toxic to
D. longicaudata adults. Our findings are similar to that of Daniel al. (2019) whoshowed that
3% of IscaSamaritaTradicional and 7% of sugar cane molasses in formulations with the
insecticides spinosad and spinetoram (0.096 g a.i. L- 1 or kg) were moderately harmful (class
3) to D. longicaudata. Our results are also similar to the findings reported by Simdé et al.
(2024) who showed that after 72 h, relatively low mortality (35.81%)of. parasitoids was
recorded with 3.75 g/L of C. annuum. But after 72 hours of exposure, the chloroform and
methanol fraction of C.viscosa caused mortality (2.15%)in adults of D. longicaudata. The
chloroform and methanol fraction of C. viscosa had a small toxicity effect on D. longicaudata
adults. But no mortality was observed with the toluene fraction of C. viscosa. Cleomeviscosa
fractions are less toxic towards D. longicaudata adults. The-form and dose of application
could be the cause of the difference in the recorded results.

The mortality of the adults D. longicaudatadue to was mortality due to the C. annuum acetone
fraction was 13.8%, followed by the S: hispidus methanol fraction (9.2%). This result was be
associated with the presence of triterpenes inthese fractions. The fractions of C. annuum with
ethyl acetate and methanol did-net induce any mortality among adult parasitoids. These
fractions were less toxic towards the parasitoids after 24 hours of exposure of the insects.
These results are similar to_those of.Daniel et al. (2029) who showed that the food attractants
Anamed, 3% Biofruit, 1.5% CeraTrap, 1.25% Flyral and 3% IscaSamaritaTradicional in
combination with spinosad and-spinetoram and the Success 0.02CB formulation (0.096 g a.i.
L-1 spinosad) were classified as harmless (<10% mortality up to 96%) to D. longicaudata.
But after 72 hours;. the fraction of S. hispidus with ethyl acetate caused high mortality
(33.35%)to adults of D. longicaudatafollowed by C. annuum with chloroform (24.5%) and S.
hispidus with'methanol (20.45%). In fact, the ethyl acetate fraction of S. hispidus had a toxic
effect on D..longicaudata adults. These results are close to thosereported by Simdé et al.
(2024) who showed that after 72 h, high mortality (59.95%; 64.20%; 57.15%)was observed
with.S. hispidus and with the Success bait (54.80%). Capsicumannuum at 3.75 g/L could be
recommended for the conservation of D. longicaudata in nature.

The ethylacetate fraction of C. annuum did not cause any mortality in adults of the parasitoid
because it is less toxic to D. longicaudata adults. These findings are similar to those of Harbi
et al. (2017) who showed that azadirachtin, a limonoid tetranor-triterpenoid chemical used on
D. longicaudata was less harmful to it. These results are also in agreement with those reported
by Ahlem, et al. (2017); Stark et al. (2004) who showed that spinosad, a bacterial insecticide
derived from the actinomycete Saccharopolyspora spinosa contained in the bait, was slightly
harmful to D. longicaudata (IOBC class 2). Daniel et al. (2019) reported that 4.0 g a.i. L-1
alpha-cypermethrin) showed high toxicity to adults of D. longicaudata (>90% mortality) after
96 h and were therefore classified as harmful (class 4).

Conclusion



These tests revealed that the fraction of S. hispidus ethyl acetate was very toxic to adults of D.
longicaudata. The ethyl acetate fraction of C. annuum did not cause any mortality in adults of
the parasitoid. This fraction could be used for further work.
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