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ABSTRACT

The effects of two medicinal plants which occurthe Tunisia flora, the Rutaceae Ruta chalepensid e

Zygophyllaceae Peganum harmala were observed iraiheratory conditions on L. migratoria. Newly erged

fifth instar nymphs and adults were exposed toousriconcentrations of the crude methanolic exteathinistered
by ingestion. Results showed that treated larvaaif@sted a decrease in their food consumption antlient

utilization, due probably to antifeedant effectluése plants. The treatment applied to adult femdieing the pre-
ovipositional phase provokes a significant adveéndleence on their reproductive potential resultimga significant
reduction of both fecundity and fertility, a delafythe first oviposition and a significant decreasehe number of
eggs per ootheca.
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INTRODUCTION

Locusts are one of the world’s most destructiveicagiural pests. The characteristic that makes dtxisuch
devastating pests is the ability of migrating swamm appear without warning in previously uninfdstgeas and
rapidly damage pastures and crops. Locusts altefetiveen periods of low numbers (recessions) ang high
numbers (plagues) and Uvarov [1] proposed the ptiasay to explain the origin and disappearancelafues.
These insects are characterized by the pronouruiéity 4o exhibit a continuum of forms between thgtreme
solitarious and gregarious phases. Solitary lodistsseparately, the hoppers (nymphs) do not ntogether and
the adults usually fly individually at night. Gregaus hoppers move in marching bands and the adudtee
together in cohesive day-flying swarms. Large hogyds can cover several hectar and large swaamsaver
hundreds of ki gregarious phases develop in response to a catitmnof crowding, pheromones, and host-plant
substances. In the gregarious phase, migratorystectause substantial damage to crops and gramtgaie
responsible for enormous losses in agriculture amyrregions of the world [2, 3]. The desert locuSthistocerca
gregaria, consume approximately their own weight of freglgetation each day. Swarms often contain 50 million
individuals per krf so that even a moderate swarm measuring 10 kmd cmmsume about 1000 tons of fresh
vegetation daily during migration [4]. The contfl the migratory locust has been largely basedhenuse of
broad-spectrum chemical pesticides, which can danmagnan health, agro-ecosystems (loss of benefitalcts
and increase of insecticide-resistance), and thdemenvironment (effects on non-target speciesurgtoater,
landscapes and communities) [5]. According to Wikieet al. [6] several of the chemical pesticides used for
locusts control are highly or moderately toxic tihery invertebrates, both terrestrial and aquatie.icreasing
awareness of the negative impact of synthetic tiddes has led to the search of new environmeiendity

62
Scholars Research Library



Khemais Abdellaouiet al J. Nat. Prod. Plant Resour., 2014,4 (2):62-68

methods of locust control. Botanicals are a pramgisiource of pest control compounds. Today ovef 2p@cies of
plants are known to possess some insecticidal igc{iv]. The most successful compound in this fiesdthe
azadiractin (active ingredients extracted from itieem tree Azadirachtaindica). It has many antidhgeoperties,
including antifeedant, antioviposition and growdgulating [8]. In addition, nicotine frolicotiana tobaccum
pyrethroids from Chrysanthemum cinerariaefoliumand rotenoids from the roots of leguminous plants,
Lanchocarpousspp. being good examples of natural compounds lesgpago to control agricultural pests. The
botanical insecticides are generally pest-speaeifid are relatively harmless to non-target organisthey are also
biodegradable and harmless to the environmentrj&his paper, we study the effect of two mediciplaints which
occur in the Tunisia flora, the Rutace®eita chalepensisind the ZygophyllaceaPeganum harmalan the
development and the reproductive potentidl.ahigratoria

MATERIALS AND METHODS

Locust

Insects used for in this study came from a gregargiock, which had been reared in breeding cagasuming 50
cm?® and containing a few hundred specimens. The teaerwas kept at 30 = 1°C and a light/dark cy¢l&2s12

h was used. Insects were fed with fresh sorghumaeteasupplemented with wheat bran. The substratum fo
oviposition was composed of 2/3 peat and 1/3 sand.

Plants and treatments

The plant species originated in Center of Tuni$faifouan) and were collected during spring seagMuesrch-
April). The samples, consisting of the aerial pdreach plant, were dried in the shade and theargtanto a fine
powder. The extraction was carried out by macegative powder for 24 hours in methanol 80%, followsd
filtration and evaporation at 40°C. The dried estravas kept at 4°C until its use for treating irisedhe crude
methanolic extract dr. chalepensi@ME-RQ andP. harmala(ME-Ph) was applied to the surface of sorghum leaves
which were subsequently offered as a mono-spediétfor larvae adults of the migratory locust. @ohlocusts
were fed on untreated sorghum leaves.

Phytochemical screening

The extracts were subjected to phytochemical festplant secondary metabolites, flavonoids, alkiptannins,
coumarins, steroids and saponins using standarlitajive methods described by Harbone [10] and $eeand
Evans [11].

Feeding assay

The effects oME-RcandME-Ph on the development and food consumptioh .ofmigratoriawere investigated by
exposing freshly emerged (0-1 day old} Bstar larvae to fresiS. vulgareleaves treated by three different
concentrations (0.5%, 1% and 2%), denoted respdygtasC;, C, andC;. The freshly emerged larvae (n = 10 for
each concentration) were weighed and kept in iddiaf 2-L plastic boxes. Insects were starved fbo@rs prior to
the assay to standardize their state of hungenybBwerning, definite quantities of fresh. vulgareleaves were
provided to the insects and aliquots of the sanoel foere kept in the same conditions to calibragewater lost
from the food provided. Uneaten food was separfited the faeces and weighed. In order to studyuthisation of
the ingested food, the approximate digestibilityDjAindex was calculated using the formula givenNaldbauer
(1968): AD= (wt. of food ingested - wt. of faecéspt. of food ingested)*100. This value is amdex for the
extent at which the ingested food is acyudigjested.

Reproductive potential

Newly emerged males and females (0-12h post-emeejerere treated and immediately paired in indigld2rL
plastic boxes containing food and placed undes#me conditions described above for mass rearimg f@cundity
(number of eggs deposited by the female thougtifégspan) and the fertility rate ((number of hatdheggs per
ootheca)/(number of deposited eggs per ootheca)x&8f recorded. The time of first oviposition (TECnd the
number of eggs per ootheca (NE/Ot) were recordeddoh pair.

Statistical analysis

Results are expressed as means + standard devi&fi®n To identify significant effects of the tresnts on the
variables measured, data were submitted to anabfsigariance (ANOVA) using SPSS (Version 15.0). The
significance between control and treated seriesmade by Student-Newman-KeuBNK) test at the 5% level.

RESULTS
Phytochemical screening
The result of the phytochemical screening (Tableeteals that flavonoids, alkaloids, coumarins siedoids were
positive in bothR. chalepensiandP. harmalaextracts. Also, catechic tannins were detected both extracts
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whereas gallic tannins were detected only Ha éxtract ofP. harmala The preliminary phytochemical analysis
also showed that the presence of saponiis thalepensis uncertain.

Table 1. Preliminary phytochemical screening oR. chalepensis and P. harmala methanolic extract.

R. chalepensis

P. harmala

Flavonoids

+++

++

Catechic tannins
Gallic tannins

+++

+++
+++

Alkaloids

+++

+++

Coumarins

+++

++

Steroids

+++

++

+++

Saponins +

-: Negative result; +++: Positive results; ++: Modately positive, £ Doubtful reaction

Feeding activity

Both the plant extractdylE-RcandME-Ph reduced the amount of food ingestedLbymigratoria larvae. At both
extracts, a reduction in food intake<(.05) was observed during the assay. Indeed nhlgsas of variance showed
a significant difference among treatments from $keeond day withME-Rc and ME-Ph The amounts of food
ingested calculated 5 day after treatmenCeitreated larvae were 1.14 + 0.14 and 1.28 + 0.8&\@ respectively
to ME-RcandME-Ph However, we measured in control group of the sageethe quantity of 2.1 + 0.43 (Fig. 1).
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Fig. 1. Effect ofR. chalepensis and P. harmala methanolic extract on daily food intake (fresh weipt) of L.
migratoria fifth instar nymphs (n = 10).

The mean fresh weight of food consumed by larvaenduhe fifth instar was measured and reportetigare 2.

Obtained results showed a significant adverse énfte of plants extract on the feeding activityLofmigratoria

larvae in a dose-dependent manner. Larval foodwoptson was progressively severely reduced durmeyfifth

instar as dose increased, reaching a 42.14 and%0r8duction respectively tdlE-Rc and ME-Ph applied at the
highest concentration compared to control group.(E).

Approximate digestibility

A reduction in the AD was observed in larvae whfism was treated witME-RcandME-Ph The two extracts
evoked a significant declind?€0.05) in the ADduring the fifth instar compared to the untreatedtls. The
analysis of variance with the dose as classificatidteria showed a significant difference amormgtments and the
SNKtest gives heterogeneous groups represented teyetif letters in figure 3. This indicated thatt¢éesinsects
were able to digest untreated food more efficietitgn those impregnated wiME-Rc and ME-Ph Results also
revealed thamethanolic extract derived froR harmalaplant (ME-Ph) provoked an important reduction in the AD
compared tMME-Rc(Fig. 3).Indeed, the ADrecorded in treated larvae with the highest comaéioh Cs= 2%) are
46.92+7.83% and 39.8 + 10.44% respectiiel\ME-Rc and ME-Ph whereas it reache®3.85+2.91% in untreated
controls during the fifth instar giving an inhilwiti of 50.01 and 57.6 % respectivetyME-RcandME-Ph (Fig. 3).

64
Scholars Research Library



Khemais Abdellaouiet al J. Nat. Prod. Plant Resour., 2014,4 (2):62-68

25 | OME-Re BME-Ph |
2 -
b
‘;E 15 - 7 , W by
o i A 5
[3:3 !
£ ¥l |+ B4 @00 X
P 1 4 N I R N e
(=) 2
[=] 2
L ::
0,5 ;
D ; &' P oot P

Control C1 c2 C3

Fig. 2. Effect ofR. chalepensis and P. harmala methanolic extract on the mean fresh weight of comsned food

during the fifth instar larvae (n = 10).
Means followed by the same letters are not sigaitiy different (P<0.05). (Bar = Standard Deviatjon
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Fig. 3. Effect ofR. chalepensis and P. harmala methanolic extract on the approximate digestibilityof L.
migratoria fifth instar nymphs (n = 10).
Means followed by the same letters are not sicanifily different (P<0.05). (Bar = Standard Deviatip

Other effects

Toxicity of plant extracts was also demonstratec bgngthening of time spent in the fifth instaduction in larvae
mobility and severe morphological disturbances esflg during the imaginal molt. We noted exuviat$o
difficulties causing larval mortality and increageelcentage of abnormal imagos. These difficultiese due to the
persistence of the larval cuticle and the impoBgibio reject the old integuments. Surviving ingeshowed
deformities of the antennae, legs, wings and eyes.

Reproductive potential

Data reported in table 2 showed a significant aslvénfluence oME-RcandME-Ph on the reproductive potential
of L. migratoria Treatment significantlyR<0.05) influenced the duration of adult pre-ovipiasi periods. For each
extract, statistical analysis with the dose asstfi@ation factor showed a significant differenaaang treatments
and theSNKktest gives heterogeneous groups represented feyetif letters in table 2. In treated females, aéxu
maturity was reached on day 22+1.73 and 18+2.6pextvely to ME-Rc and ME-Ph applied at the highest
concentration. However, untreated control femalesewneeded only 12.33 +2.51days to produce thedotheca
(table 2). The perturbation of reproduction evestiserved in the treated females also appearedangilgnificant
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decreaseR<0.05) in the number of eggs per ootheca (NE/@tfeéd, as illustrated in table 2, we noted the rarmb
of 42.66+6.02 eggs/ootheca in control groups wrenmga counted only 22.66+5.68 and 27+5.66 eggs/cathe
respectively taVIE-RcandME-Phtreated female at the highest concentration.

Table 2. Effect ofR. chalepensis and P. harmala methanolic extract, applied on newly emerged adultsf L.
migratoria (n=15), on reproductive potential parameters (meag SD).

R. chalepensis P. harmala
TFOp NE/Ot TFOp NE/Ot
Control 12.33+2.51 42.66+6.02 12.33+2.51 42.66+6.02
C 23+7.2F  28.33+7.683 16.33+2.8" 34+4"
(o 24.33+4.186  26.66+4.5 21+ 28.6+3.08
C; 22+¢1.73  22.66+5.68 18+2.64 27+5.56

* TFOp: time of first oviposition NE/Ot: number edgs per ootheca
* Different letters in the same column denote digant differences (SNkest P<0.05)

Treatment of newly emerged females with the twaipétracts resulted in a significant decred®e0(05) of both
fecundity and fertility. A significant differenceas observed between control and treated femalésgdtire first
gonadotrophic cycle (Fig. 4). Fecundity was reduwedl.4 + 4.96 and 27.96 + 5.27% in females tcbatgh the
highest concentration ¢E-RcandME-Ph respectively (Fig. 4). The treatments also sigaiftly reduced fertility
which reached 40.09 + 9.12 and 13.36 + 1.05% in dhse of Gtreated femalesvith ME-Rc and ME-Ph

respectively, even after extending the incubatieriqal. In control individuals, hatching success wW8s32 * 6.75
and 66.6 + 11.1% respectively to thi&E-RcandME-Ph (Fig. 4).
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Fig. 4. Effect ofR. chalepensis and P. harmala methanolic extract, applied on newly emerged adultsf L.

migratoria (n=15), on fecundity and fertility.
Means followed by the same letters are not sicanifily different (P<0.05). (Bar = Standard Deviatip

DISCUSSION

In order to identify both environmentally acceptabhd effective locust-control products, we asskssthe present
study the effects dR. chalepensiandP. harmalamethanolic extracten the feeding activity and the reproduction
of L. migratoria Analysis of the results revealed that tested tplaignificantly reduced food consumption and
nutrient utilization inL. migratoriafifth instar nymphs. Results also showed thatastsr derived from these plants
provoked a significant adverse influence on theagépctive potential of. migratoria adult females which resulted
in a significant reduction of both fecundity andtiféy and a delay of the first oviposition. Preus studies had
documented the antifeedant propertieRothalepensiandP. harmalaagainst different orders of insects. Abbasi
et al.[12] observed thaP. harmalaleaf extracts (at vegetative or fructificationgsta) involved a decrease in food
intake, a loss of weight and a reduction of mdiyigi the female adults &. gregaria The alkaloids extracted from
the leaves oP. harmalacaused a significant decline in food intake andearease in adult weight compared to
untreated controls [3]. The authors suggesteditiatie alkaloids were probably responsible for itmaibition of
feeding behaviour in locusts treated withharmala Our results concurred with the observations dirRanet al.
[13] , who evaluated the effects of ethanol exsaofP. harmalaseeds on the olive fruit flygactrocera
oleae(Diptera: Tephritidae). They found that in chotests, femal®. oleaespent >99% of their time foraging on

66
Scholars Research Library



Khemais Abdellaouiet al J. Nat. Prod. Plant Resour., 2014,4 (2):62-68

untreated fruit rather thdP. harmalatreated fruit. Similarly, Salaret al. [14] observed thaP. harmalaacetonic
seed extracshowed a strong repellent effect agailBizus persicadHemiptera: Aphididae). Jbiloet al. [15]
found that methanol extracts from different medatiplants, includind®. harmalaseeds, have insecticidal effects
on the larvae and adults of the stored grain Ppebblium castaneuniColeoptera: Tenebrionidae). The antifeedant
effect ofR. chalepensisn insects has been proven previouBlychalepensiextract reduced the food consumption
of Hypsipyla grandella(Lepidoptera: Pyralidae) under laboratory condiid16]. Antifeedant effect by common
rue extracts was also demonstrated for the Colonpakato beetleLeptinotarsa decemlineatdColeoptera:
Coccinellidae) ¥ instar larvae and adults [17]. Emanal. [18] also reported the aqueous ethanolic extra®.o
chalepensideaves showed antifeedant activities agaBstittoralis larvae. Jeoret al. [19] observed insecticidal
activities of R. chalepensisising fumigant and contact toxicity methods agantse weevil, Sitophilus oryaze
(Coleoptera: Curculionidae) adults. The feedingedency caused bR. chalepensisind P. harmalamethanolic
extracts, probably reflect the antifeeding effelicthe secondary substances, especially the allalextracted from
these plants. Indee®, harmalais a rich source of b-carboline and quinazolidelaids [20]. Quinoline alkaloids
(arborinine, dictamnine, graveoline, kokusaginimel gkimmianine) were also isolated frdRuta spp. [21]. The
Antifeedant activity of alkaloids is already knoinom a number of toxic plants [22]. Indolic alkalsi extracted
from leaves and seeds Rfharmala and the alkaloids occurring in leavesCaflotropis procerafunctioned as
a feeding deterrent againSt gregaria[3]. Inhibition of feeding behavior by alkaloidowd be the result of
stimulation of a deterrent receptor, or blockagehefinput from neurons that detect phagostimwatompounds.
Electrophysiological studies have shown that cdanthemoreceptors on the tibia and tarsus.ofimericanaare
stimulated by alkaloids and have demonstrated aoncation between the neuron activity and the eetiaint
response [23, 24]. Therefore, it is possible that tested plant alkaloids were detected by thelatkaensitive
neurons.

The results of the present study also showed RhathalepensiandP. harmalamethanolic extracts significantly
reduced both fecundity and fertility df. migratoria Similarly, Abbassiet al. [3] reported that the alkaloids
extracted fronP. harmalaleaves caused significant reduction in female ridity and hatching rate i8. gregaria
when compared to the untreated control. EthanohekbfP. harmalaseed have shown pronounced effect on larval
mortality, larval and pupal weight, oviposition daence, percent pupation, egg hatching and adwtrgence of
the diamondback mottRlutella xylostella(Lepidoptera: Plutellidae) [25]. Abbasst al. [12] observed that leaf
extracts (vegetative stage) caused a delay of sexaftarity inS. gregariafemales and a decrease in both fecundity
and hatching rate. The different perturbationsegfroduction observed in the treated females amnaegjuence of
the reduction of food intake observed previouslye3e changes probably result in inadequate enesgyvwes for
egg-yolk formation, or an interference in endocmmetabolic processes involved in reproduction \th#n secondary
substances.

REFERENCES

[1] BP Uvarov.1921 Bulletin of Entomological Research?: 135-163.

[2] YL Chen.200Q Entomol. Knowl 37: 50-55.

[3] K Abbassi; Z Atay-Kadiri; S Ghaou2003h Physiological Entomology8: 232-236.

[4] FZ Milat-Bissaad; F Bounaceur; F Halouane; NhiBEg N Chebouti; B Doumandji-Mitiche2011 Tunisian
Journal of Plant Protectiong: 127-132.

[5] JD Gregor; JF MichaeR007. Agric. Hum. Value24: 281-306.

[6] S Wiktelius; J Ardd; T FranssoB003 Ambio,32, 463-468.

[7] KS Ghoneim; MA Tanani; AL Basioun009 Egypt. Acad. J. biolog. S@: 147-164.

[8] MJ Pascual-Villalobos; A Robledd998 Industrial Crops and Product8: 183-194.

[9]1 H Rembold.1994 Advances in Invertebrate Reproduction. Elsevi@r Bublishers, 3: 481-491.

[10] JB Harborne.1973 Phytochemical Methods: A Guide to ModerchAm@que of Plant Analysis. Chapman
and Hall Ltd. London, pp. 49-188.

[11] GE Trease; WC Evan$989 Text book of Pharmacognosy,"Ed, Balliere Tinadl London.

[12] K Abbassi; L Mergaoui; Z Atay Kadiri; A Stambly; S Ghaout2003a Zool. Baetica13/14: 203-217.

[13] JU Rehman; G Jilani; XG Wang; WJ Marshall; M{&nt; G Jilani; AK Mir; GZ Frank. 2009 J. Econ.
Entomol,102(6): 2233-2240.

[14] E Salari; K Ahmadi; RZ Dehyaghobi; A PurhematM Takalloozadeh2012 Chilean Journal of agricultural
research,72,147-151.

[15] R Jbilou; A Ennabili; F Saya2006 African Journal of Biotechnolog,; 936-940.

[16] F Mancebo; L Hilje; GA Mora; VH Castro; R Saka.2001 Rev. Biol. Trop49(2): 501-508.

[17] JA Hough-Goldstein199Q Environmental Entomology9, 234-238.

[18] AM Emam; ES Swelam; NY Megall2009 Journal of Natural Productg: 10-22.

[19] JH Jeon; MG Kim; HS Lee013 J KoreanSoc Appl Biol Chenb6, 591-596.

[20] M Kartal; ML Altun; S Kurucu2003 J. Pharm. Biomed. AnaBl: 263-269.

67
Scholars Research Library



Khemais Abdellaouiet al J. Nat. Prod. Plant Resour., 2014,4 (2):62-68

[21] U Ulubelen; B Tmemt; E Tijzlaci; KF Cheng; QoK. 1986 Phytochemistry?25: 2692-3.

[22] J Bruneton. Plantes toxiques : végétaux dangepour I'homme et les animaux! Ed, Lavoisier Tec & Doc,
Paris,1996 183 pp.

[23] PR White; RF Chapmati99Q Physiol. Entomql15: 105-121.

[24] RF Chapman; A Ascoli-Christensen; PR Whit891, J. Exp. Biol,158: 241-259.

[25] H Abbasipour; M Mahmoudvand; F Rastegar; MiBa&91Q Bulletin of Insectology63(2): 259-263.

68
Scholars Research Library



