Compatibility of Certain-Bio- and Natural Compounds with
Trichogrammaevanescens (Westwood) Release-for

Contreting-Pieris rapaemanagement en-inCauliflower-Grep

Abstract: The compatibility-efficacyof spraying-each-of thea bio compound,Protecto (Bacillus thuringiensis) and the-natural
compeund-—botanicals extract (mixture of ginger, garlic, hot red pepper extracts and aloe vera) withTFrichogramma
evanescensreleases—in-the—form—of-sprays—either in combination with Trichogrammagvanescensreleases or as—alone was .-
evaluated in comparison to the-an insecticide, Uphold 36% SC (Methoxyfenozide/ Spinetoram) on-the-cabbage-white-butterfly
Pieris rapaeinfesting—oncauliflower Brassica oleracea. Field experiments were conducted “at. Atfih District, Giza . . . "

Governorate Egypt in September 2020 and October 2021. Results revealed that, each-allef-the tested compounds aceempanied {igrrr;:atted. Font: (Default) Times New Roman'}
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. important and—econemic—crop is seriously attacked by the
1- Introduction serious—cabbage white butterfly Pieris rapae L. (Family:

Conservation—of—the—environment—must_be_ranked—firge  ieridae)._The pest is the most abundant during all the

beforethe effectivencss-of any-synthetic or natiiral compound  S83S0NS, where the female lays solitary, yellowish eggs,
sed for pests’ control- The current  hatching into nasty, green larvae which considered the most
agriculturesAgriculturears —=affectedfacesby’—manyseveral serious and destructive stage causing great economic loss in
challenges likerapid exploitation of;. thie natural resources  the yield [20] and [S]. Onee-farmers-noticed-the-presence-of
Pieris larvae, they immediately controlled it with

rapid—exploitation; the huge use of insecticides and the
sudden changes.in the global climate, in addition to the need
for the«production. of:. safe; pesticides-free agricultural
products “mainly. the® edible vegetables. All that
thesechallenges, push: researchers and those responsible for ! '
public health to work o new, safe, available and eco-friendly ~ 9reat attention has been directed-drawn to _the use of the

alternatives to the synthetic pesticides for suppressing pests ~ various biological agents such as the parasitoids and the
invading agricultural crops [36]. One of these-theimportant  Peneficial-pathogenic-microorganismsentomopathogenste-be

vegetables—vegetablecropsis the cauliflower—erep—(Brassica ~ @PPHee-instead of the-synthetic |nsect|C|des[37] [15], [14]

abroeadContinuous application of broad spectrum ef-synthetic
insecticides—_hasresulted in the development of the pest
resistance,  destruction  of  beneficial insects and
contamination for the environment [6]. NewadaysCurrently,

oleracea)—Family: —Brassicaceae;.which—comprises —many and [15]

Trichogrammaparasiteids-parasitoids are considered the most
efficient and premise—promisingorganisms in biological

oW d etar!_r m nerals []33 and [34] IhatThlseconomlcaIIj{ control programs [46]. As the damage caused by P. rapae



reduces the crop production, se~—the intervention with
Trichogramma parasitoids with compatible bio and natural
compounds s

T. evanescens were conducted at 25+2°C and 70+5%
R.H.The host S. cerealella Olivier was reared as the
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imperative to conserve Frichogramma  modification of [17].The parasitoid was multiplied on S. ,,.~-~{Formatted:
parasitoidspaturally occurring bioagents and to maintain  cerealellamoths-rearing-is-reared-first to-produce-the-eggs.in {Formatted'

harvesthealthy  and safe  produetsproduce. The

entomopathogen  Bacillus  thuringiensis are—-speeifie
pathegens—forlepidopteron—tarvae—it is considered as an
efficient biological control agent resulting in significant
reduction in the pest and the-in the use ofused-chemical
insecticides [2]. Taking-into-consideration-the severity caused
by-chemical-insecticidesnatural-alternatives-as-certain-plant

. icices 9]

129} The-plant-kingdem-comprises—certain-plants-possess
insecticidal—properties—12}—se—theThe  components of
abotanicals extract [39]] such aswhich-is-a-prepared-mixture
of ginger, garlic, and hot red pepper,extracts-withand aloe
vera—Each-ingredient-of that-mixture-possess an insecticidal
effect against many insects [32],[43],[30] and [21]. Hewever;
thisThe botanicals mixture was found to be effective against
certain  pests [39]but—atse—itand was safe em
toTrichogrammaT———evanescensWestwooddevelopmental
stages—under laboratory conditions [40]. In—earhier—studies
tThe integration of the parasitoids with bio and natural
compounds was earlier evaluated as—these—efby[31}—and]
and[26}—whe] who found that, Frichegramma-T. evanescens
with B.  thuringiensis  was  effective  against
HelicoverpazeasBoddie{Lepidoptera:——Noctuidae) and
Ostrinianubilalis (Hubner)Eurepean-corn-borer. So-because
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Because of the legal restrictions on the edible fresh
vegetables; and the periodically sprays of different

insecticides-on-cauliflowerpests—mainly-P—rapae: different

btinded-blendedand added to the filtrate ane-. This mixture
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alternatives te—the—symhe%mseeﬂeﬂes—have to bebeen
introduced to suppress P. rapaethat-serious-pest. Therefore,
this work was carried out to evaluate the efficacy of B.
thuringiensis and—the botanicals mixture extract and their
ntegration-combinations withT. evanescens releases against

P. rapae mfestlng caullflower cropte—ens&lﬂe—sustamab#w

-Materials and Methods

This—experiment—was—established—toExperiments were
carried. out to evaluate the integration of releasingT.
evanescens Westwood releases with certain bio and natural
compounds comparing-with-synthetic-insecticide-aiming-at
suppressingfor  the management ofP. rapaepepulation
nfestingon cauliflower.Comparisons were made with an
insecticide. erop—Preparation of the botanicals extract and the
rearing processes were carried out at the Trichogramma Mass
Rearing Laboratory of Fayoum Governorate, Plant Protection
Research Institute, Agricultural Research Center,Egypt.

2.1. Rearing T. evanescensTechnigues

The rearing of the host Sitotrogacerealella and the parasitoid

"'Each piot had 10 rows of- cauhﬂowerpiantswhnchwasSOcm
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Field experiments were carried out at Atfih District, Giza
Governorate,Egypt in 2020—and—20621—cauliflowergrowing
seasons_of 2020 and 2021 —ef—<cauliflower—crop. The { Formatted: Highlight

experimental-areawascarried out as completely randomized .~
block hesignL with six treatments and the control with three
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treatments. The experimental plots were planted with
cauliflower seedlings (Colonia variety) on 25" September.
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rows. Colored-paper-cards were tied-with-pPlants had eggs of
P. rapae_was marked with coloured paper cards.. Larvae and
pupae were also counted. The first release of T. evanescens
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evanescens. The envelopes were hung every 10 days at the
sunset. Normal cultivation practices were aceomphished
followedin cauliflower field.

The treatments were: Releasing T. evanescens alone,
spraying B. thuringiensis alone, spraying the botanicals
extract alone,—+eleasirgcombination ofT. evanescens with B.
thuringiensis, releasing-combination ofT. evanescens with the
botanicals extract, the chemical insecticide Uphold 36% SC

and the controls (had-neither-release-of T-evanescens-nor-any

nereasedwithout any treatment). Back motor sprayer
(Agranomodo- China) of 20 liters was used for spraying the

compounds.Unparasitized and parasitized Pieris eggs,
number of both larvae and pupae of P. rapae were the criteria
used for the evaluation of JF--evanescensrelease-as-alone-or-in

The bio compound B. thuringiensiswas—significantly
effective—as—combined with T. evanescens releaseswas
significantly more effective in reducing P. rapae larvae
population in 2020 and 2021(P<0.05) with reduction
percentages of 96.91% and 95.32% respectively—. This
wasfollowed by the natural compound the botanicals extract
accompanied—withcombined with the parasitoids releases
with-causing the reduction in Pieris larvae population ef-by
96.31% and 94.89% in 2020 and 2021 respectively. The
chemical insecticide Uphold was the least -effective
compound in reducing the larvae population, with respective
reductions of 37.85% and 47.85%: (Figure 1, 3).
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ease—ofUpon appearance Pierisof Pieris larvae—presenee, i e 4 —¢—Control { Formatted: Font: Not Italic

was—Hmmediately—sprayed—sprays of with—the tested
compounds_were applied in the early morning with the
recommended rates as following:

1) Bacillus thuringiensis subspkurstaki 9.4% WP at the
rate of 300 gm-/200 L. (Product of Plant Protection
Research InstituteAgricultural Research Center, Egypt.)

2) The prepared botanicals extract at the rate of 1L/100L.

3) Uphold 36% SC at the rate 250cm)/200L. (Commonly

—#i—T.evanescens

—&—Bt

=>=Botanicals extract

=3ie=T.evant Bt

Number of P.rapae Larvie
o o
L

~®—T.evant botanical

Insecticide
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used by farmers in the neighboring fields in case of
heavy infestation with the pest)

2.64. Data collection and statistical analysis

The obtained-Pieris eggs collected from the plots were
observed every 10 days to record the parasitism tnduection
(the black color of the eggs). The evatuation-efficacyof the
treatments_ wasassessed based—enthrough the percent
reduction of Pieris infestationpopulation-pereentages. It was

calculated according to [18].

Reductionpercentage
_ [ (Populationafpestaftertreatment

B Populationofpestbeforetreatment
Populationincontrolbeforetreatment

Populationincontrolaftertreatment

)] x 100

Obtained data of treated plots were compared with those of
Uphold insecticide and control plots. AH-sStatistical analysis
was carried out by IBM-SPSS for windows (v.25). Variance
Analysis (ANOVA) was used to process the obtained data.
Duncan’s multiple range tests[7]- was used for separation of
means [41].

3:43. Results

3.1. Efficiency of tested compounds on P. rapae
a. Reduction percentages of P. rapae larvae

Number of Inspections

Figure 1. Evelution—Populationof Prapaekarvae—larvae on Cauliflower
Plantsin-tested-treatments-plots-and-controkin 2020 growing season.
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Figure2.Evelution- Population of ofP.rapae pupae on Cauliflower Plants-in
tested-treatments-plots-and-controls-in 2020 growing season.

b. Reduction percentages of P. rapae pupae
The tested compounds were—significantly differed in its

effectiveness against the population density of P. rapae pupae*

(P<0.05). The botanicals extract accompanied with T.
evanescens releases was effective in reducing pupae of P.

rapae on cauliflower plants in 2020 and 2021 growing ..
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seasons with reduction percentages of 77.4% and 72.63%
respectively, followed by the treatment of combination of B.
thuringiensis with Trichogramma releases with reduction of
70.87% and 71.59% in 2020 and 2021 respectively. The least
reductionsof 26.12% and 14.04%in P. rapaepupae—pupal
populationin 2020 and 2021 respectivelywas—26-12%—and
MMM%O%MO&F%%GWWW&SEFE recorded with

in plots sprayed withthe chemical insecticide Uphold. (Figure
2, 4)
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testedin 2021 growing season.

c. Parasitism percentage

There was no parasitism rate recorded |eford any<«

treatment in 2020 and 2021—.conseguenthy—withWith the
successive releases of T. evanescens, increase in the
parasitism percentages—raisedwas observed in parasitoid-
released plots-ofreleasing-the-parasitoids. Results presented
in Tables 1, 2 revealed that;the-treatment—of releasing_the

plots treated withT. evanescensaceompanied—withand B.
thuringiensisraisee—hadthe

P—rapae—eggs—parasitism
byparasitism rates of 92.56% (2020).and 92.17% (2021).

A\
(
(

Also, T. evanescens releases with the botanicals extract

recorded parasitism rates of 91.95% (2020). and 92.77%
(2021). Results revealed that, releases of Trichogramma
parasitoids enty—alonewithout any compound recorded
parasitism rates of 91.03%.(2020) and 89.99% (2021). The
remaining treatments plots showed no parasitism rate as there
no released parasitoids: (Tables 1, 2)2) proving no natural
parasitism.

A

Figure 3. Evelution-Populationof Prapae Larvae on Cauliflower Plants-in
tested-treatments-plots-and-contrekin 2021 growing seasons.
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4. 3:2Discussion

The impacts of amy—integration between synthetic or
natural compounds with biolegieal controlling agents like
Trichogramma parasitoids on that-bie—agent—ustthe latter
should be considered. The present workin 2020 and 2021

rowing seasons indicates that incorporating either B.
thuringiensis or the botanicals mixture extract might be
compatible with T. evanescens for suppressing P. ‘rapae
populations infesting cauliflower plantations=in—2020—and
2021 —growing—seasens. Obtained wresults revealed that
releasing T. evanescens with B. thuringiensis could suppress
P. rapae larvae and pupae populations and resulted in the
highest parasitism rates ofPieris eggs than those treated by
releasing Trichogramma parasitoids—asralone that’s because

high efficiency.ofthe.combination of T. nubilalis and Bt., for
controlling - OstirnianubilalisH. (Lepidoptera: Pyralidae)
infesting sweet corn:. the-resulis-of-theirwerk-shewed-high
efficiency ” eduﬁe g —the —pest —population—with —the
parasitoids—with— Bt 441 whgo reported—that—the—The
combination of T. evanescens with Agerin (B. thuringiensis)
was: highly. effective against Cryptoblabesgnidiella Mill
infesting grape orchards as it caused the highest parasitism s

the-honey-dew moth-with-the highest-mortality for-its-larvae
than those W|th the para5|t0|ds onIy 44]. [3]%&9%%@

thurlnglen5|s was not harmful for the parasitoids as recorded

fromproven by the highest parasitism rates—investigated-the
efficieney-ofof two species of Trichogramma parasitoids in
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B thuringiensis, kills larvae of the [pe Our results are

combination—of B—thuringiensis—to—controlonT-utaabsoluta

infesting tomato in greenhouse;-.

eonsistenee-in concurrencewith those of [27] who evaluated
releasing Trichogramma ‘parasitoids with and without B.
thuringiensis; their-.results confirmed that releasing only
Trichogramma parasitoids enly—was less effective than
releasing them with B. thuringiensis for controlling
Lepidopteron pests. Also, [42] supported our observations
with their'work on controlling P. rapae in organic cabbage
crop—.they—They reported that;B. thuringiensis with
Trichogramma releases was the most effective treatment as it
caused high parasitism rate of Pieriseggs with a remarkable
reduction in larvae populations which resulting in a
significant increase in the crop yield over the treatment with
Trichogramma alone or controls. Other authors worked on
the combination—combined use of different species of
Trichogramma parasitoids with—and B. thuringiensis on
different crops aiming at the control of different
Lepidopteron pests—. as-these—ef—[26]whe—evatuatedproved

reported—that—T. evanescens was highly effective on
suppressing the Cydiapomonella (L.) in apple plantationspest

popuitations when the parasitoid releases was-were combined
with B. thuringiensis than their—releasing—alone—or—than
spraying—Bt—aloneeither of the agents beingusedalone[33].
The obtained-results from the current study revealed that B.
thuringiensis had no  bad——adverseeffect  on
Trichogrammaparasitoids—efficiency. Earlier studies agreed
with our findings as those of [19] who stugied-the-effect-of B-
thuringiensis-on-Trichogramma ostriniae (Peng-and-Chen)-lo

produce-an-eco-friendhy-control-strategy—Fhey-stated that, the

combination of Trichogrammaostriniae (Peng and Chen)
Trichogramma and Btdecreased-reduced significantly-the pest
population significantlyover any-either of thebio agent alone.
[25]evatuated-the—effeetsfound that amongef-B. thuringiensis,
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deltamethrin and spiresadSpinosad, only Bt was harmless toer

combination with T. evanescens releaseshag-has thepotentials .-

the immature developmental stages of T. cacoeciaeMarchal, T.
bourarachePintureau and T. evanescens Westwood in

pomegranate orchard4hey—repe¥ted—that—deltamethnmand

Spores
mixture_of B. thurmmensmhadmedld not affectbad-effects-on
the parasitization performance or longevity of the T.

evanescens adults[4]parasiteids.—AlseSimilarly, [38]whe

avelgetod—earbin biloond cheionl eonpopnde on he
Fesult&revealedfound that B. thuringiensis was safe and-had-ne
bad—impacts—on—the —fitness—components—ofto—theT.
evanescenspamsweﬂ—m—addmen—she—eenueued—‘tl

bse nfesting o o o

was able able to suppress the—pepe#a&ens—dens@—ef—T

absolutainfesting tomato fields at Fayoum Governorate,

Egyptby releasing T. evanescenswithand spraying B.
thuringiensis.- The present study declared that, the use of B.
thuringiensis as alone recoded reduction in Pieris larvae and
pupae populations. Our findings are consistent with an earlier
stuehy—studiesby [45%],[22}and],[11] and [28]who reported
that B. thuringiensis with—different—concentrations—wereas
significantly effective against Pieris larvae P—brassicae(l-)
larvae-with-100%-mortality-after 2-6-days-of the-treatment;

o ehe—fammd e B —thdngiansis—cenld—eonrelPlack
tarvaetn-Celeplantations—i-Adabarma—Wavhile: [8]avaldated
) S ) . |
populations—on-—cabbage—plantations—and-—reported that Bio

Guard (B. thuringiensis) was the least effective: compound
against P.rapae.

to suppress P.rapae populations on cauliflower plants-with—F

. . . ’ . . . :
could—be-integrated—with-the releases—of T—evanescensand

could be used as alternatives for synthetic insecticides.for
References|

[1] Abd EL Hafez A. (1995): A comparison of thermal
requirements and some  biological  aspects  of
Trichogrammaevanescens (Westwaood) and
Trichogrammatoideabactrae (Najgaja) reared from eggs of the
pink and spiny bollworm. Ann;:Agric. ScilZAin Shams Univ.
Cairo. 4(2): 901-912.

[2] Alejandra B., L. Supaporn,S.G. Sarjeet and . Mario (2011):
Bacillus thuringiensis: A story of a successful bio insecticide.
Insect Biochemistry and Molecular Biology. 41(7): 423-431.

[3] AlSaedi G., A:Ashouri and T.H, Reza (2017): Assessment of
two Trichogramma. species with:Bacillus thuringiensis var.
Krustaki for the control of tomato leaf miner Tutaabsoluta
Meyrick (Lepidoptera: Gelechiidae) in Iran. Open Journal of
Ecology 2017(7): 112-124.

[4] Azizoglu U., Y. Semih, A. Ayvaz and K. Salih (2015): Effect

of Bacillus thuringiensis sub. Kurstaki—kurstakiHD1 spore- .

crystal “imixture® on the adults of
Trichogrammaevanescens
Trichogrammatidae).  Agriculture  and
Biotechnology. 29(4): 653-658.

[5] 'Barakat H., W. Abdul Rasheed and G.P. Douglas (2018):
Mapping foliage damage index and monitoring of Pieris
brassicae by using GIS-GPS technology on Cole crops.
Journal of Entomology and Zoology Studies. 6(2): 933-938.

egg parasitoid
(Hymenoptera:
Environmental

[6] Delobel A. and P.Malonga (1987): Insecticidal properties of
six plant materials against CaryedonserriatusOliv. J. Stored
Prod. Res. 23(3): 173-176.

In this work, the—second—tested—eompound—was—the

botartenls—adiet—Hts s mbdurs o eorininhatireplanks
extracts-the-obtainedresults+eveated-that-the combination of

the botanlcals extract with-T. evanescens releases wa&neean

eggs;did not afféct the parasitism, despite its lethal effect on
Pieris larvae —FheresuHs-of F-evanescens-with-the-betanicals

extract-revealed-that-high-parasitism-rates—with-—remarkable
ot Pliric ] oS,
safety prospective,[40]agreed with our findings when they
ical ! .
evanescens-under-laboratory-conditions—they-reported that the

botanicals extract:was safe en-tothe emergence, fecundity and
the general productivity of the—resuttingT.
evanescens.parasitoids—hewever—tThe same botanicals extract
had a bio pesticide property [39], as-they—evaluated-it-to
controleffective _against mango scale insect and__ was
recommended—it as safe and—easy prepared extract and an
alternative to synthetic insecticides.

45- Conclusion,
EitherB. thuringiensiser—orthe botanicals extract in

[7] Duncan D.B. (1955): Multiple range and multiple F tests.
Biometrics, 11: 1-41.

[8] El-Fakharany S.K.M. and A.S. Hendawy (2014): Field studies
on cabbage white butterfly Pierisrapae (Linnaeus) and its
associated parasitoid and predatory species in Egypt. Egyptian
Journal of Biological Pest Control, 24(2): 437-444.

[9] ELSayed E.l. (1982): Neem A. indica seeds as anti-feedant
and ovi-positional repellent for the Egyptian cotton leafworm

Spodopteralittoralis (Biosd.). Bull. Ent. Soc. Egypt. Econ. Ser. .

(49): 49-58.

[10] Embaby M.E. and D.E. Lotfy (2015): Ecological studies on
cabbage pests, Int. J. Agric. [Technol. 11(5): 1145-1160.

[11] Furlong M.J., K.H. Ju., PW. Su., KJ. Chol, II. Chang, P.

Zalucki (2008): Integration of endemic natural enemies and
Bacillus thuringiensis to manage insect pests of Brassica
crops in  North Korea. Agriculture, Ecosystems &
Environment. 125(1-4): 223-238.

[12] Golob O., J.V. Mwumbola, F. Ngulube (1982): The use of
locally available materials as protectants of maize grains
against insects’ infestation during storage in Malawi. J. Stored.
Prod. Res. 18: 67-74.

{ Formatted: Font: Not Bold ]

,x[Comment [GN13]: Please make the deletions }

as per the edits in the manuscript.

{ Formatted: Font: 9 pt, Not Bold J

{ Formatted: Font: Not Bold J

Highlight

{ Formatted: Font: 9 pt, Not Bold, Not Italic, }

~<[Comment [GN14]: Some journals are }

abbreviated, some are given in full form.

Highlight

{ Formatted: Font: 9 pt, Not Bold, Not Italic, }




[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

Goncalves E.M., C. Alegria, M. Abreu (2013): Benefits of
Brassica nutraceutical compounds on human health.
Characterization, Functional Genomics and Health benefits.
19, 2013

Comparison of Trichogrammabrassicae (Hymenoptera:
Trichogrammatidae) augmentation with organic and synthetic

pesticides for control of cruciferous LepideptererLepidoptera.
Environmental Entomology. 31: 1231-1239.

Gosh S.K. (2013): Harmful effect of insecticides in the  [28] Maxwell E. M. and H.Y. Fadamiro (2006): Evaluation of
nopulation dvnamics of spiders on ladys—ladies’fingers several _reduced-risk _insecticides in _combination with an "“{Formatted:Font: Not Bold, Not Italic ]
Abelmoschus ___esculentusAbelmeschuse——seulentus(L. action threshold for managing lepidopteran pests ofnof Cole
Moench at field level. Am-euras.J.Agric.&Environ.Sci. 13(9): crops in Alabama. Florida Entomologist, 89(2): 117-126. ) { Formatted: Font: 10 pt, Not Bold, Font color: }
1181-1186. Auto
[29] Nancy M.E. and M.C. Wendy (2012): Alternatives to synthetic
Gutierrez C.G., N.M. Garcia, M.N. Campus and I.C. chemical insecticides for use in crucifer crops. Biological {Formatted: Font: 9 pt, Not Bold, Highlight J
Hernandez (2010): Efficacy of Beauveria bassiana and Agriculture & Horticulture 8(1): 33-52.
Metarhiziumanisoplae to control Pieris rapae on cabbage in .
the field. Southwestern Entomologist. 35(1): 75-83. [30] Nesel A, B.G. Charleston, J.A. Genovia M.D.E. Paye and
G.S. Rosales (2016): Testing the insecticidal potential of Chili
Halder J. and A. Seni (2021): Biological management of major pepper (Capsicum frutescens) fruit extractiagainst termites
vegetable insect pests with macro and microorganisms. (Coptotermesgestroi). Bio..182. Biotech. 2016. ...~ Formatted: Font: 9 pt, Not Bold, Not Italic,
Microbes for Sustainable Insect Pest Management. 2021, 233- Highlight
252. [31] Oatman E.R., J.A. Wyman, R.A.Van Steenwyk and M.W.
Johnson (1983): Integrated control of the tomato fruit worm
Hassan S.A. (1995): Improved method for the production of (Lepidoptera: Noctuidae) and other Lepidopterous pests on
the Angoumois grain moth Sitotrogacerealella (Oliv.). fresh-market . tomatoes: in Southerny. California. Journal of
Trichogramma and other egg parasitoids. Cairo, Egypt. (4-7) Economic Entomology. 76: 1363:1369.
October 1994, 157-170.
[32] Okonkwo,C.O., O.C. Ohaeri,(2013): Insecticidal potentials of
Henderson C.F. and E.W. Tilton (1955): Tests with Acaricides some.selected plants. J. of Chem. and Pharma. Resear. 5(4): __..--{ Formatted: Font: 9 pt, Not Bold, Not ltalic,
against the brown wheat mite. J. Econ. Entomol. 48(2): 157- 370-376: Highlight
161.
_ [33] Oztemiz S:, A. Kuden, N. Serpil and I. Lavkor (2017): { Formatted: Font: 9 pt, Not Bold, Highlight J
Hwang I.C., C. Park, D.K. Kang and N.Y. Jin (2010): Efficacy. of . Trichogrammaevanescens and  Bacillus
Combined application of Trichogrammaostriniae and Bacillus thuringiensis  var.  Kurstaki—kurstakiin _control _ of { Formatted: Font: 9 pt, Not Bold ]
thuringiensis for eco-friendly control of Plutellaxylostella. Cydiapomonella (L.) in Turkey. Turkish Journal of Agriculture
Journal of the Korean Society for Applied Biological and Forestry. 41(3): 201-207.
Chemistry. 53(3). . o
[34] Picchi V., M. Fibiani and L.R. Scalzo (2020): Chapter 2.
lkeura H., K. Fumiyuki and H. Yasuyoshi (2010): How do Cauliflower.  Nutritional composition and anti-oxidant
Dieris rapae search for Brassicaceae host plants? Biochemi. properties _of fruits _and _vegetables. 2020; 19-32. \;-"”‘{Formatted: Font: 9 pt, Not Bold, Italic ]
Cal. Systematics and Ecology] 38: 1199-1203: http://doi.org/10.1016/B978-0-12-812780-3-00002-7 { 5 T ]
“| Formatted: Font: 9 pt, Not Bold, Highlight
Karkanis C.A. and G.A. Christos (2021): Natural insecticides < *[35] Pourarian S., J. Shirazi and A. Rasipour (2017): An * ™. d = il
from native plants of Mediterranean basin and. their activity, investigation on the biology and efficiency of Trichogramma Comment [GN15]3 In some occasions, the
for the control of major insect pests in vegetable crops: spp. on the eggs of Pieris rapae under laboratory conditions. journals are given as abbreviations and in
Shifting from the past to the future-. Journal of Pest Science Bio control in Plant Protection. 4(2): 39-53. some, full form. Adhere to the requirements
94(2): 187-202. i i of the journal .
[36] Rani A.T., V. Kammar, V. Rani, M. Suzan, K.K. Pandy and J. —
Khan H.H., A. Kumar and H. Naz (2017): Evaluation of Singh (2021): Bio pesticides: An alternative to synthetic Formatted: Font: Not Bold, Not Italic, Highlight
chemical and biological insecticides for the management of insecticides. ~ Microbial ~ Technology  for  Sustainable
cabbage butterfly Pieris rapae Environment. 2021. 439-466.
(Linn.)(Lipedepteralepidoptera: Pieridae)- Areview. Journal i
of Pharmacognosy and phytochemistey. 6(6): 2224-2233. [37] Salem S.A, AA. Abdel-Rahman, C.P.W. Zebitz, M.M.E.
Saleh, L.LF. Ali and M.Y. El-Khouly (2007): Evaluation of
Knipling E:F. and J,U. Mc. Gure (1968): Population models to entomopathogenic nematodes in controlling some cabbage
appraise the limitations and potentialities of Trichogramma in pests. J.Appl.Sci.Res. 3(4): 323-328. | Formatted: Font: 9 pt, Not Bold, Not Italic,
managing hast insect. population. USDA Technical Bulletin. X X X X X Highlight
1387. [38] Siam A. (2017): Studies on some biological and ecological
factors affecting the performance of Trichogrammaevanescens
Krishnamoorthy A. (2012): Exploitation of egg parasitoids for (Westwood) under laboratory and field conditions. Ph. D.
control. of potential pests in vegetable ecosystems in India. thesis. Cairo University, Egypt.
Comunicata:Scientiae. 3: 1-5. X X X X
[39] Siam A. and E. Othman (2020): Field evaluation of botanicals
Ksentini 1., T. Jardak, N. Zeghal (2010): Bacillus extracts for suppressing the mango scale insect,
thuringiensis, deltamethrin and spinosad side effects on three Aulacaspistubercularis (Newstead) (Hemiptera: Diaspididiae).
Trichogramma species. Bulletin of Insectology. 63(1): 31-37. Egyptian Journal of Biological Pest Control 30(1): 1-5.
Losey J.E., SJ. Fleischer, D.D. Calvin, W.L. Harkness and T.  [40] Siam A. and M. El-Genaidy (2021): Laboratory evaluation of

Leahy (1995): Evaluation of Trichogrammanubilalis and
Bacillus thuringiensis in management of Ostrinianubilalis
(Lepidoptera: Pyralidae) in sweet corn. Environmental
Entomology. 24: 436-445.

Lundgren L.G., G.E. Heimpel and S.A. Bomgren (2002):

certain natural plants extracts on the fitness components of
Trichogrammaevanescens (Westwood) (Hymenoptera:
Trichogrammatidae). Bioscience Research 18(1): 739-748.

Snecdecor G.W. and W.G. Cochran (1980): Statistical
methods. 2™ The lowa State University Press Ames lowa.



[42]

[43]

[44]

Suzanne B., A. Rayan, S. Adams, J. Franklin and J. Driscoll
(2015): Use of Trichogramma and Btfor control of Pieris
rapae in cabbage on Prince Edward Island, J. Acad. Entomol.

Agerin (Bacillus thuringiensis) compared with recommended
insecticides in Middle Egypt, Assiut.J.ofAgric.Sci. 38(3): 93-

111.

Soc. 11: 26-31.

Teklay M., S.H.K.R. Prasad, B. Etana, K. Belay and T. Aregai
(2012): Insecticidal and repellent properties of selected
medicinal plants collected from Sofoho, Axum, North East
Africg, Int.J.Sci.Inn.Tech.Sec.A 1(3): 1-8.

[45]

Varma GC, O.S. Bindrs, D. Singh and S. Darshan (1974):
Comparative efficacy of Bacillus thuringiensis Berliner
formulations against Pieris brassicae Linnaeus. Current
Science, Departement of Entomology, Punjab University,
Ludhiana. India. 43: 734-735.

Tohamy T.H., A.A. AbdEI-Raheem and M.I. EIKhouly (2007):
Biological ~ control of the Honey Dew Moth
Cryptoblabesgnidiella Mill in grape orchards using the local
egg parasitoid Trichogrammaevanescens (Westwood) and

[46]

Zang L.S., S. Wang, F. Zhang and N. Desneux (2021):
Biological control with Trichogramma in China: History,
Present status and perspectives. Annual Reviews__of
Entomology. 66(24): 1-22.

1

Formatted: Font: 9 pt, Not Bold, Not Italic,
Highlight

A

Formatted: Font: 9 pt, Not Bold, Not Italic,
Highlight

Formatted: Font: 9 pt, Not Bold, Not Italic,
Highlight




| Page 5: [1] Formatted Geetha Nandagopal 5/30/2023 1:07:00 AM

Numbered + Level: 1 + Numbering Style: 1, 2, 3, ... + Start at: 3 + Alignment: Left + Aligned at: 0.5" + Indent at:
0.75"

| Page 5: [2] Formatted Geetha Nandagopal 5/30/2023 12:24:00 AM |
Font: Not Bold, Not Italic, Highlight

| Page 5: [3] Formatted Geetha Nandagopal 5/30/2023 12:24:00 AM |
Font: Not Bold, Not Italic, Highlight

| Page 5: [4] Formatted Geetha Nandagopal 5/30/2023 12:24:00 AM |
Font: Not Bold, Not Italic, Highlight

| Page 5: [5] Comment [GN12] Geetha Nandagopal 5/30/2023 12:24:00 AM |
Not logical. Bt kills larvae. How does that increase the parasitism? Population reduction due to additive effect is
possible but increased percent parasitism is not possible due to Bt.
| Page 5: [6] Formatted Geetha Nandagopal 5/30/2023 12:24:00 AM |
Font: Not Bold, Not Italic, Highlight




