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ABSTRACT

The present study aims to investigate the disraptifects of ethanol, petroleum ether and n-butaxdiacts from the fruit peel of Punica

granatum on the reproductive potential of Schistcaeyregaria. After treatment of penultimate ortlasstar nymphs, a predominant inhibitory

effect of all extracts on the number of egg pedsAs exhibited. Remarkably decreased number of pajsvas caused by ethanol extract at the
highest concentration level (40.0%) and n-butanafaet at the higher three concentration levels.(4@0.0 and 10.0%). The adult females had
been enforced to lay eggs in a slow rate, regagitée extract, concentration level or the timeretment. Treatment of penultimate instar
nymphs with ethanol extract or petroleum etheraettied to slightly reduced fecundity while n-buthextract caused a drastic reduction in

fecundity, especially at the higher three concdidralevels. After treatment of last instar nympsigghtly reduced fecundity was generally
recorded but remarkably reduced fecundity was odwegethe highest concentration level. A prevalampessing effect on the fertility was

explored after treatment of penultimate instar ngmpvith all extracts. Detrimentally impaired feitifl was observed after treatment with

ethanol extract or petroleum ether extract. Morgoueexceptionally deranged fertility was recordeftler treatment of last instar nymphs,

irrespective of the extract. The embryonic devekpal rate had been generally subjected to an eerinhibitory effect since the incubation

period was slightly or substantially prolonged, aedless the time of treatment.
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INTRODUCTION

The desert locusSchistocerca gregarigForskal) (Orthoptera: Acrididae), is a dreadedt pie afro-Asian regions,
due to its potential to form huge swarms, whichaiohe complete agricultural areas causing tremendoaisomical
damage [1, 2]. Damage caused by this pest is aegarsce of its polyphagous behaviour, high densitshe

population, and the nature to aggregate and swarsingle swarm can comprise many millions of losusind be
more than 100 Km long and several Km wide [3].

Although the use of synthetic insecticides to calnitisect pests has lead to several adverse efiactading water
and soil contamination, insect resistance and ityxio non-target species [4, 5], these toxic cloaisi are still used
for controlling this dangerous pest at a largeesc@herefore, there is an urgent need to develfg sanvenient,
environmental and low-cost alternatives. Many itigegors and institutions are searching for saferatives in
various countries. The natural products, such astmxtracts, form promising non-conventional pédtis against
the destructive pests for crops and health [6-ltbfecent years interest in screening plants foioua insecticidal
activities has increased significantly and manyepbtompounds have been isolated and identifiefl [lE&obson
[17] suggested that the most promising botanic&ievto be found in the families Meliaceae, Rutac@ateraceae,
Annonaceae, Labiatae, and Canellaceae. Howeverriog programs have not been limited to theselifsmbut
other families have been screened for various ticsdal activities. With regard t8. gregaria some plants, such as
Calotropis procera[18], Calotropis gigantear[19], Peganum harmald20], Azadirichta indica Melia volkensii
[21], Cestrum parqu[22] andNerium oleandef23-25] were classified as plants with a toxiqekent or deterrent
effect on locusts due to some secondary compouwnntsioed in these plants [26]. In addition, sevefaht species
affect differentially the development, fertilitynd behaviour of the desert locust [18].

PomegranateRunica granatunLinn.) is one of the oldest cultivated plants le tworld [27] and was a symbol of
immortality and love in oriental regions [28]. Alsib is cultivated in Central Asia and the driertgaof Southern
Asia [29], as well as in the Mediterranean, tropaad subtropical areas [30]. It was introduced icatin America,
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California and Arizona [31]. Botanicallf3. granatumis included in the family Punicaceae but receolissified in
the family Lythraceae [32]. It is a small tree, chubranched, showy flowers are found on the braipshor in
clusters, calyx red, fleshy with pointed sepaldaisered [33]. The fruit has a leathery skin, restidor yellowish
green wall. It contains many seeds (arils) sepdrhjewhite, numerous pericarp, and each is surredriy small
amounts of tart, red juice [34]. Many chemical ddoents had been isolated and identified from #osvand fruits
of pomegranate [35]. The bark and stem containrabeu of alkaloids [36]. In addition, some other @munds
have been reported such as punicalagin, ellagd; Agdroquinone pyridinium and pelargonidin [37].3hanolic,
aqueous and chloroform extracts from seeds or quaehin triterpenoids, steroids, glycosides, sapgralkaloids,
flavonoids, tannins, carbohydrate and vitamin C].[3%e peel is, also, a rich source of polypherasis some
anthocyanins as delphinidins and cyanidins [39].

From the medical point of view, ancient historicesles have been reported for pomegranate. Alss, uséd in
several systems of modern medicine for a varietmihents, such as cancer, cardiovascular disehsbetes,
dental conditions, Alzheimer's disease, male iititgrtarthritis infant brain, ischemia, obesitydprotection from
ultraviolet radiation [40, 41]. In general, pomegte is of a great interest to research in pharateed and new
drug development fields, due to its distinctive daitivities such as hypolipidemic, antiviral, antifal,
antineoplastic, anticandidal, anti-inflammatory, tiamitagenic and antidiarrheal [42-53]. Antioxidamtnd
antibacterial properties of pomegranate peel haes lalso reported [31, 54-57].

In the field of pest control, agueous extract frBmgranatumfruit rind was more toxic against tape-worms than
earthworms and round-worms owing to isopelletieiimehe extract [36]. Also, extracts from pomegranbark
exhibit molluscicidal activity on theymnaea acuminatfs8]. Sublethal concentrations of the active fiats of P.
granatum bark significantly inhibited the enzyme activity the nervous tissue of the same snail [59]. Also,
pomegranate fruit rind is effective on some paodmifical parameters @chistosoma mansof@0]. With regard to
the biocontrol of insect pests, the available ditere shows insecticidal effects®f granatumextracts [61, 62] but,
unfortunately, few examples had been reported.fFhexane extracts possessed contact toxicity agaittphilus
zeamaisand Tribolium castaneun63]. The insecticidal efficacy of pulverized lemvhad been recorded agaifist
castaneum64] and Rhyzopertha dominic$5]. Ethanolic extract from leaves and peel wasnfl toxic toT.
castaneum66]. P. granatumextracts exhibited insecticidal activities agaiBgtodoptera litura[67], Anopheles
pharoensig68] andCulex pipieng53]. Considering the house fMusca domesticaaqueous extract from leaves
inhibited the growth of ovarian follicles besids gerious effect on the histological structure adgut [69]. Some

of larvae failed to develop into adult stage anel shccessfully developed larvae appeared as dedopmgae or
adults, as well as pupal-adult intermediates wérseoved [70]. No reported works for the effectdPofgranatum
extracts on the reproduction of insects, as wethasbiological and physiological processes ofdbksert locuss.
gregaria, have been included in the available literaturee Thrrent study represents a link in an extendseareh
on the effects oP. granatumextracts on different biological and physiologigaibcesses in the desert locSst
gregaria. It was carried out aiming to investigate the wiive effects of various extracts from the fruiep on
several reproductive criteria of this locust.

MATERIALS AND METHODS

Desert locust

The desert locushchistocerca gregariéfForskal)(Orthoptera: Acrididae) was used as gregmental insect in the
present study. The present culture was originayea ¥ample of gregarious nymphs from Plant Praied®esearch
Institute, Ministry of Agriculture, Giza. As desigd by Hunter-Jones [7Hnd improved by Ghoneim et al. [14],
insects were reared in wood formed cages (60 x B0 &m). The bottom was furnished with a sandyrd26 cm
depth) and provided with10-15% humidity to be shlgafor egg laying. An electric bulb (100 watt) wadjusted to
maintain a continuous photoperiod (12 L: 12 D) aclecage as well as in order to maintain an amivénperature
(32+2°C). The insects were reared and handled underrtheded conditions. The feces, dead locusts and food
remains were removed daily before introducing tesHly food. Care was seriously taken to cleanetlvages at
regular intervals and the sand was sterilized yingdroven (at 14%C for 24 hours) to avoid contamination with any
pathogenic microorganisms. Fresh clean leaves afeclTrifolium alexandrinumwere provided, as a food for
insects, every day.

Plant Extraction

A weight of 1.5 KgPunica granatunmpeel (or rind), which purchased from an Egyptiaarket, was thoroughly
cleaned with tap water for disposing of impuriti€be peel was shade dried and then finely grinded fmicromill.
The pulverized powder was macerated with ethan@ stoppered container for a defined period witdgfient
agitation until soluble matter is dissolved as dadddrom Ncubeet al [72]. The ethanol extract was divided into
two parts: a part of the ethanol extract was evatpdrfor obtaining 37 gm dried extract. Anothett pdithe ethanol
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extract was concentrated into 300 ml by rotary evajor, and then diluted with 300 ml distilled watElsing a
separating funnel, the dilute was fractionalizedpeyroleum ether (300 ml X 5) and n-butanol (300x8) giving

29 and 34 gm, respectively. From each of the cattanol extract and the fractionalized petrolaiher and n-
butanol extracts, the following concentrations warepared: 80, 40, 20, 10, 5 and 2.5%.

Nymphal treatments

The newly moulted 4 (penultimate), or 8 (last) instar nymphs @&. gregariawere fed on fresh leaves ®fifolium
alexandrinumafter dipping in the different concentration lessef each extract. After dipping for three minutibe
treated leaves were allowed to dry before offetimgymphs. A day after treatment, all nymphs (&daind control)
were provided with untreated fresh food plant. Teplicates (one nymph/replicate) were used for each
concentration. Each individual nymph was isolatea iglass vial provided with a thin layer of siegt sand as a
floor. All vials were located in a large cage hayasuitable electric bulb.

In a preliminary experiment, treatments of penutienor last instar nymphs with the highest conetiotn level
(80%) resulted in complete mortality of the newtyezged adults. Thus, only the adult females fromplys treated
with 40, 20, 10, 5 and 2.5% concentration levelalbfextracts had been used for investigating g@aductive
criteria.

Reproductive criteria

The successfully emerged adult females were keyrately in cages (30 x 30 x 30 cm, with three sideglass
and the top of wire gauze, the fourth side was n@deood and provided with a small door). For tlepuaation,
each treated female was confined with two normaltatales, provided from the main culture. Plasttindrical
cups (10 X 8 cm) were filled with sifted, sterilzand moistened sand, as an oviposition site. Wedsradded to
the sand at a rate of 15% by volume [71]. Just &idpulation, females were allowed to dig in theistened sand
floor for laying the egg pods. At the end of the@raductive lifetime, all egg pods and eggs werented and
transferred into Petri dishes provided with moisttotton pad in an incubator until the egg hatghiMeanwhile,
the cotton pads received an antifungal material.

After examining all pods, constructed and laidhe bviposition site for each female, the averagaber of egg
pods per female was calculated. Each of the coelpléid egg pods was examined for counting the lmemof
eggs. All egg pods were undergone to this proceflurecalculating the average number of eggs per. gde
oviposition rate was calculated as follows:

Number of laid eggs pét/reproductive lifetime (in days).

All eggs laid by each adult female were countece dhiposited eggs of all replicates were used terdeéne the
fecundity by calculating the average number of ggggsfemale.

In respect to the incubation period, and subsetpuém rate of embryonic development, the ovipasikggs were
kept in cups covered with muslin cloth and tiedwitbber band under favourable laboratory conditiona cage of
32°C and moistened sandy bottom. Just after the oiiposeggs were observed until hatching.

Fertility was usually expressed in the hatchabgibd was calculated by the hatching of the laidse@mn the other
hand, the sterility index was calculated accordingjoppozadat al [73] as follows:

Sterility Index = 100 - [(ab / A B) X 100]

Where: a = the number of eggs laid per female énttbatment. b = percentage of hatching in thattnent. A =
the number of eggs laid per female in the cont®ls.percentage of hatching in the controls.

Statistical analysis of data
Data obtained were analyzed by the Studdndistribution, and refined by Bessel correction][Tdr the test
significance of difference between means.

RESULTS

Effects on the oviposition efficiency oS. gregaria

After treatment of penultimate {(} instar nymphs ofS. gregariawith ethanol, petroleum ether and n-butanol
extracts from peel dP. granatum data of the egg poHs had been assorted in Table (1). A predominanbitdry
effect on this oviposition criterion was exhibitegl the present extracts. The decreasing numberstagistically

3
http://www.easletters.com/issues.html



Ghoneim, K. et al Entomol. Appl. Sci. Lett., 2014, 1 (1):1-10

insignificant except at the highest concentratievel of ethanol extract by which this number wassiderably
regressed (2.0+0.0 vs. 2.7+0.6 egg pods/contjol

According to the data arranged in the same tabémtrhent of last (§ instar nymphs resulted in a generally
decreased number of egg pddsiregardless the extract or concentration levelk §mme detail, significant
decrements in the number of egg p&dstere determined after treatment with ethanol exted both 40.0 and
10.0% (1.740.6 and 2.0+0.0, respectively, vs. 2.B#Yg pods/contrdl). Similar considerably dropped number of
the egg pod$§ was caused by petroleum ether extract at both &@d010.0% (2.0+0.0 vs. 2.3+0.6 egg pods/control
Q). In addition, pronouncedly dropped number of élgg pods? was caused by n-butanol extract at its higher two
concentration levels (1.6+0.6 and 1.7+0.6, respelsti in comparison with 2.7+0.6 egg pods/contfdl

Another important parameter of the oviposition @éffncy is the number of eggs/pod. As clearly shdaha

previously mentioned table, treatment of penultan@star nymphs withP. granatum extracts resulted in
significantly or insignificantly decreased numbéreggs/pod. The remarkably decreased number of/gagsvas

caused by ethanol extract at its highest concémtrdg¢vel (41.0+2.0 vs. 48.5+3.9 eggs/pod by cdntmngeners)
and by n-butanol extract at its higher three cotreg¢ion levels (41.7+2.0, 42.3+0.9 and 42.6+2.1/pgd at 40.0,
20.0 and 10.0%, respectively, vs. 48.1+3.4 eggshyocbntrol congeners).

Similar prohibitory effect of the present extrabtsd been exhibited on this oviposition processr afesatment of
last instar nymphs. The petroleum ether extractrabdtanol extract exerted a pronouncedly supprgssttion on
this number, irrespective of the concentration ll¢ker detail, see Table 1).

As a response tB. granatumextracts, treatment of penultimate instar nymphf®reed the adult females to lay
eggs in a slow rate. For some detail, the ovipmsitate slightly regressed by petroleum ether extyat remarkably
regressed by ethanol extract, especially at ithdrigwo concentration levels (4.5+1.9 and 5.7+¢.2@&0 and
20.0%, respectively, vs. 9.0+1.9 of control congeneMoreover, n-butanol extract exhibited the npastent action
on this rate because treatment with the majoritgamfcentration levels led to tremendously regresagosition
rate (for detail, see Table 1).

After treatment of last instar nymphs with the saexéracts, adult females had been prohibited t@asit in a

normal rate. A prominent inhibitory effect of extta was detected since pronouncedly regressesvesteaused by
ethanol extract at its higher three concentratevels (4.7+1.4, 6.6x1.4 and 5.6+1.9, respectivetynpared to
9.6+1.6 of controls), petroleum ether extract athigher three concentration levels (4.3+0.3, 4.9ihd 4.9+1.0,
respectively, compared to 4.8+2.1 of controls) artsutanol extract at its higher two concentratievels (4.2+1.7
and 4.3+1.7, in comparison with 8.6x1.5 of confyrols

Effects on fecundity and fertility of S. gregaria

Just a look at data included in Table (2) indicaesajor reducing action d®. granatumextracts on the adult
fecundity ofS. gregaria However, treatment of penultimate instar nympfth ethanol extract or petroleum ether
extract resulted in slightly reduced fecundity whii-butanol extract caused a drastic reductiorhénfécundity,
especially at its higher three concentration le883.3+21.0, 098.3+22.2 and 085.3+21.1 éggat 40.0, 20.0
10.0%, respectively, compared to 127.0+21.4 kgystrol?).

A similar reducing action oP. granatumextracts was exerted on the adult fecundity afeatment of last instar
nymphs. Slightly reduced fecundity was generallyseal but such effect was found stronger by allagkirat the
highest concentration level (080.0+27.2 dggby ethanol, 080.3+12.1 ed§s by petroleum ether extract and
073.7+22.2 egd§ by n-butanol extract, in comparison with a rang&.3+28.4 — 139.5+22.3 eggs/contfol.

In the light of data distributed in Table (3), aegominant prohibitory effect on the fertility &. gregariawas
explored after treatment of penultimate instar ngmvith all extracts fronP. granatumpeel. For some detail,
insignificantly reduced fertility was estimated afttreatment with ethanol extract. In contrast, fieility was
detrimentally impaired by both ethanol and petroieether extracts, at the majority of concentraterels. The
most powerful reducing effect was detected aftestment with n-butanol extract at the highest cotregon level
(81.0+3.4 hatched eggs vs.92.6+0.4 hatched eggertfols) and the maximal sterility index (42.4)salculated.
On the other hand, the least powerful reducingceffeas exhibited by petroleum ether extract atlotsest
concentration level (88.3+2.4 hatched eggs vs.#106hatched eggs of controls) and the minimalilgtemdex
(8.1) was calculated.

Data arranged in the aforementioned table unexmegity show deranged fertility of eggs deposited dmult
females after treatment of last instar nymphs Witlgranatumextracts. For some detail, n-butanol extract esdiib
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an insignificantly prohibitory effect on fertilitwhile petroleum ether extract exhibited strong fritbry effect at
all concentration levels, as well as ethanol extexbibited a similar effect at the higher thre@eentration levels.
The maximal sterility index was calculated in 4778.8+7.4 hatched eggs vs. 91.5+2.0 hatched eggsrifols)
while the minimal index was calculated in 08.4 §2..3 hatched eggs vs. 91.5+2.0 hatched eggs ofats)) at the
highest concentration level and lowest concentndéwel, respectively, of petroleum ether extract.

Effects on the embryonic development o%. gregaria

After treatment of penultimate instar nymphsSofgregariawith P. granatumextracts, data of egg incubation period
are listed in Table (4). Generally, the embryorégelopment had been subjected to an extended tohjlgffect of
all extracts since the incubation period was sigaiftly, or insignificantly, prolonged. For sometaik treatment
with n-butanol extract resulted in insignificantofumgation in the incubation period, and subseduesitghtly
prohibited embryonic developmental rate was detedd the contrary, considerably prolonged incumaperiod
was determined after treatment with ethanol extoagietroleum ether extract. The longest incubagieriod was
recorded after treatment with ethanol extractahighest concentration level (19.8+1.7 days vs3#@4 days of
controls) indicating the slowest embryonic develepial rate.

To a great extent, similar prohibitory action waented on the embryonic development after treatroétast instar
nymphs since the incubation period was signifigaptblonged by ethanol extract and petroleum eéixéract but
slightly prolonged by n-butanol extract. The slotivesbryonic developmental rate can be denoted éyahgest
incubation period (19.4+0.1 days vs. 13.3+£0.3 dafysontrols) after treatment with petroleum etheiract at its
highest concentration level.

DISCUSSION

Impaired oviposition efficiency of S. gregaria by P. granatum extracts

The available literature reports reduced numbergof pods? and decreased number of eggs/pod after treatnient o
few insect pests with extracts from various plgrecses. Considerably reduced numbers had beendextdorS.
gregaria after treatment with a neem kernel suspension [@%hethanolic fruit extract fromelia azedaract76]
andFagonia bruguieriextracts [77]. Also, decreased numbers were détedrafter treatment of penultimate instar
nymphs ofEuprepocnemis ploranwith Margosan-o (a neem preparation)[78]. In agrest with those reported
results, the present study 8ngregaria after treatment with ethanol, petroleum ether miditanol extracts fromR.
granatumpeel, recorded decreasing number of egg podsid number of eggs/pod. For some detail, all etdra
exhibited a predominant inhibitory effect on themier of egg pod§/ after treatment of penultimate instar nymphs.
A similar effect was exhibited after treatment a$tl instar nymphs, regardless the extract or cdratam level.
Number of egg/pod is another important parametéh@fviposition efficiency. The petroleum ethetragt and n-
butanol extract exerted the strongest suppressitignaof this number. In addition, the adult fensalead been
enforced to lay eggs in a slow rate, as a resptmnBe granatumextracts, irrespective of the concentration level
time of treatment.

We right now have no unambiguous interpretatiothefreduced number of eggs/pod or the regressegubsition

rate inS. gregariaby the action oP. granatumextracts, in the present study. However, the dedpmumber of egg
podsf may be attributed to a prohibitory effect of cartangredient (s) in these extracts on the accgsglands

which produce the pod matrix or on some hormongulagion of the pod construction. This suggesticayrbe

conceived in the light of isolated or identifiecechical constituents from the pomegranate peel3sf,

Deranged reproductivity of S. gregaria by P. granatum extracts

Adult fecundity and fertility are very importantm@ductive criteria for investigating the effecfsbotanicals on the
reproductive potential of insects. In the currendy, treatment of penultimate instar nymphsSofgregariawith
ethanol extract or petroleum ether extract frlBmgranatumpeel resulted in an insignificantly reduced featynd
while n-butanol extract caused a tremendous realudti fecundity, especially at the higher conceiaralevels.
After treatment of last instar nymphs, remarkatd@guced fecundity was generally caused by all etdyaat the
highest concentration level. With regard to fastjlia prevalent prohibitory effect was detectecrafteatment of
penultimate instar nymphs with all extracts. Alsogxceptionally hindered fertility of eggs depoditey females
was recorded after treatment of last instar nymglts.a great extent, similar results of reduced riddy and
fertility had been reported for several insect pést different neem preparations or azadirachtivdgves, such as
Ceratitis capitata[79], Corcyra cephalonicd80], Pieris brassicg81], Liriomyza trifolii [82], Anopheles stephensi
and Anopheles culicificacied83], S. litura [84-86], Heliothis armigera [87], Spodoptera littoralis [88],
Cosmopolites sordidy89], Chrysomya megacepha]@0], Muscina stabulanf91], M. domestic412], etc.
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In addition to neem preparations, extracts fronesgvplant species had been reported for derartgmdecundity
and/or fertility of various insects, such 8s littoralis by extracts fromAbrus precatoriug92]; Boussingaultion
gracilis [93]; Curcuma longaNicandra physaloideandCitrullus colocynthig94]; Schimis terebinlhifoliu§9d5]; M.
azedarachand Lopus termig[96], etc. On the desert locuSt gregaria reduced fecundity and fertility had been
estimated after nymphal treatments wiigonia brugieriextracts [77] oNigella sativa[97]. Also, Shekari et al.
[98] reported similar reducing effect on fecundityd fertility of Xanthogaleruca luteoldy the methanolic extract

from Artemisia annura

Table (1): Effects ofPunica granatum extracts on some parameters of the oviposition é&fency (Mean +SD) ofSchistocerca gregaria

Conc. Number of egg pods / female Number of eggs / pod Oviposition rate
Solvent (%) After treatment of | After treatment of | After treatment of | After treatment of | After treatment of | After treatment of
4" instar nymphs | 5" instar nymphs | 4" instar nymphs | 5" instar nymphs | 4" instar nymphs | 5" instar nymphs
40.0 20+0.0b 1.7+06b 46.2+3.0a 48.3+43a 45+19c 4.7+14c
= 20.0 23x06a 23+06a 46.4+33a 51.6+x04a 57+£0.7b 6.6+14b
5 10.0 23+06a 20+0.0b 46.1+25a 51.8+56a 6.1+16a 56+19b
= 05.0 23+x06a 23+06a 46.3+x2.0a 494+21a 6.3+x19a 7.0x25a
w 02.5 23x06a 23x10a 43.5+x3.1a 52.0+59a 57*x23a 75x24a
Controls 2.7+0.6 28+0.5 484 +2.9 559+14 9.0+19 9.6+1.6
E 40.0 23*06a 20+0.0b 41.4+2.0b 40.2+2.3d 55+09a 43+03c
© 20.0 23+x06a 23+06a 47.1+4.7a 41.2+3.7c¢C 6.0+05a 49+09b
g 10.0 23x06a 20+0.0b 436+19a 425+14c 59+21a 49+1.0b
Qo 05.0 20+00a 23+06a 453+32a 43.3+13c 57+03a 6.5+23a
= 02.5 23x0.6a 23x0.6a 44.7 2.7 a 47.0x1.7a 6.3x1.7a 7.7+x13a
& Controls 23+0.5 2.3+0.6 48.5+3.9 47.7+1.4 75+14 84+21
40.0 20x00a 16+06b 41.7+2.0b 448+28b 40+x12c 42+17b
S 20.0 23+06a 1.7+06b 42.3+09b 442+35b 56+0.8b 43+17b
5 10.0 20x00a 23+06a 426+21b 443+3.7b 43+14c 6.2+08a
a 05.0 23+06a 23+06a 442+16a 443+09b 58+1.0b 6.2+x14a
S 02.5 23x0.6a 25x0.6a 46.2+x16a 454+29b 6.7x12a 6.4+16a
Controls 2.7+0.6 25+0.6 48.1+34 484 +25 86+1.0 8.6%1.5

Conc.: Concentration level. Mean +SD followedldyer (a): is not significantly different (P>0.05)): Significantly different (P<0.05), (c):
Highly significantly different (P<0.01).

Table (2): Effects ofPunica granatum extracts on the fecundity (Mean eggs+SD) @&chistocerca gregaria

Solvent Conc. Aftgr treatment of Aftgr treatment of
(%) | 4" instar nymphs | 5" instar nymphs
40.0 091.7£45.8a 080.0+27.2b
5 20.0 111.7+194 a 120.3+29.2a
= 10.0 107.7+27.6 a 100.0+415a
< 05.0 108.3+29.4 a 116.0 +33.8 a
w 02.5 102.3+31.2a 1135+426a
Controls 129.0 £ 28.2 139.5+22.3
E 40.0 096.7+24.0a 080.3+12.1b
© 20.0 103.0+17.4 a 095.0+16.1a
g 10.0 098.5+24.6 a 085.0+15.8 a
Q@ 05.0 090.7 £16.4 a 100.3+22.3a
g 02.5 103.3+18.8a 107.0 +23.8 a
& Controls 103.3+18.8a 111.3+28.4
40.0 083.3+21.0b 073.7+22.2b
5 20.0 098.3+22.2h 072.3+21.2a
§ 10.0 085.3+21.1b 102.0+16.6 a
3 05.0 103.3+18.6 a 103.7+28.0a
< 02.5 107.3+24.1a 112.3+19.5a
Controls 127.0+21.4 128.3 +23.1

Conc., a, b, c: See footnote of Table (1).

The reduced fecundity and prohibited fertility ®f gregariaby the extracts fron®. granatumpeel, in the current
investigation, may be due to a juvenile hormonévigtof certain active ingredient (s) containedtirese extracts
which have deleterious effects on the oogenesis|lagenin synthesis or vitellogenesis, via thetuflsance of
authentic hormone [99]. Also, the considerable Wgement of these reproductive events can be atdbio the
effects of P. granatumextracts on the vitelline envelope formation oe flunction of follicle cells [100, 101].
However, the intervention of the present extracis,some of their chemical components, in the \atghin
synthesis or vitellogenesis may be indirectly tigtoithe disruption of gonadotropic hormone productod its
function during the ovarian maturation. With spécieference on the prohibited fertility &. gregaria the P.
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granatumpeel extracts, used in the present study, magisslyi affect the survival of developing embryosettain
stages causing death as recorded in the decrdasiciging percentage. In any case, the exact miaetion of the
present extracts, or some of their constituentsstiit obscure and needs further investigation to dearly
understood.

Table (3): Effects ofPunica granatum extracts on the fertility (Mean +SD) and sterilityindex (%) of Schistocerca gregaria

Solvent Conc. | After treatment of 4" instar nymphs | After treatment of 5" instar nymphs

(%) Fertility Sterility index Fertility Sterility index
40.0 86.1+16a 34.0 82.7+44b 47.7
5 20.0 84.0+43a 215 78.0 +3.4b 25.0
5 10.0 84.1+32a 24.3 83.4+09b 34.1
< 05.0 89.7+0.2a 18.8 885+22a 18.9
w 02.5 86.1+2.7a 26.2 87.7+19a 21.3
Controls 92.7+1.2 - - - 90.7 £1.6 - - -
E 40.0 83.6+x25¢c 18.5 73.8+74c 41.8
© 20.0 83.6+25¢cC 10.1 79.8+0.6¢C 25.6
g 10.0 85.0x21c 15.6 77.1+33c 35.6
Qo 05.0 85.5+3.0b 21.8 849+10c 16.4
£ 02.5 88.3+24a 8.1 87.4+13c 08.4
& [Controls| 91.6+1.0 - 915+ 2.0 ---
40.0 81.0+34c 42.4 84.1+38a 47.7
5 20.0 795+19c 335 86.6+3.6a 47.1
5 10.0 846+1.7cC 38.6 879+13a 24.3
a3 05.0 88.7+0.3c 22.1 89.5+16a 21.6
< 02.5 89.1+25a 18.7 89.6+19a 06.5
Controls 92.6+0.4 - - - 92.3+1.0 - - -

Table (4): Effects ofPunica granatum extracts on the incubation period (Mean days +SD)f Schistocerca gregaria

Conc., a, b, c: See footnote of Table (1).

Solvent Conc. Afte_r treatment of Afte_r treatment of
(%) 4" instar nymphs | 5" instar nymphs
40.0 19.8+1.7c 16.8+1.0b
5 20.0 19.7+15¢c 18.1+0.6¢C
= 10.0 17.9+23¢c 17.6+23b
< 05.0 17.4+0.7c 17.7+1.2b
w 02.5 182+1.4c 150+1.4a
Controls 14.3+0.4 14.6 + 0.8
E 40.0 17.5+1.3¢c 185+0.7d
© 20.0 17.1+18b 19.4+0.1d
g 10.0 17.1+18a 17.8+3.2b
@ 05.0 16.8+0.3a 159+22a
g 02.5 16.9+23a 140+1.7a
& [Controls 16.9+2.3 13.3£03
40.0 17.8+0.3a 17.8+25a
5 20.0 176+24a 17.3+25a
§ 10.0 17.7+19a 16,6 +19a
3 05.0 17.7+0.8a 16.7+23a
< 02.5 16.0+1.3a 17.7+13a
Controls 147+1.1 15.0+0.3

Conc.: a, b, c: See footnote of Table (&): Very highly significantly different (P<0.001).

Retarded embryonic development irS. gregaria by P. granatum extracts

It is of an interest to refer the incubation perindinsects can be used as a good indicator forethbryonic
developmental rate, i.e., longer period may resé@aler rate andice versaln the present study, the embryonic
developmental rate db. gregariahad been generally subjected to an extended negaeffect of P. granatum
extracts since the incubation period was slightlypmnouncedly lengthened after treatment of pénale instar
nymphs. A similar disruptive action was almost ¢ée@ron this vital process after treatment of lastar nymphs
with these extracts. The current results are coneotmwith some of the reported results of prolah@ecubation
period, and consequently retarded embryonic dewedmpal rate in various insects by extracts fronfed#int plant
species. As for examples, prolonged incubationogein E. ploranswas recorded after treatment df hstar
nymphs with Margosan-o [78], regressed embryonicelipmental rate irS. gregariawas caused by nymphal
treatments withF. bruguieriextracts [77], slightly prolonged incubation pefio the same locust was reported after
nymphal treatments with Neemazal (a heem prepajadiosome extracts froM. sativa[97].
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To explicate the prolonged incubation period, andsequently retarded embryonic developmental fatethe

action of plants extracts is unfortunately veryreeain the available literature. However, the r¢ar embryonic
development ir5. gregariaby theP. granatumpeel extracts, as clearly shown in the currengéstigation, may be
due to the effect of these extracts on the ecdyisteiresponsible for the regulation of embryogenesicertain
developmental stages, especially those ecdystenoigisating from the ovaries of the adult femdled2].

CONCLUSION

As obviously shown in the present study, extractsnfP. granatumpeel slightly or deleteriously affected the
oviposition efficiency, fecundity, fertility and ¢hembryonic development &. gregaria The current results have
indicating theP. granatumpeel extracts may be a promising alternative tathstic insecticides for control this
destructive locust. Alkaloids, triterpenoids, stdsp glycosides, saponins, flavonoids, polyphenalghocyanins
and some other chemical constituents had beentesolasom peel ofP. granatum[34, 39]. Therefore, more
investigation should be carried out to ascertagnattive ingredient (s) responsible for these gisva effects on the
reproductive potential &b. gregariaand for shedding some light on their mode of actio
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