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Natural Induction of Potato Crop Resistanceby Plant
Essential QOil Elicitors to Control Green Peach AphidMyzus

persica(Sulzer) (Homoptera: Aphididae)

By: Ru'ya AbuAlfayah

Supervised by: Dr. Rana Samara

Abstract

Potato, SolanumtuberosumL., (Solanaceae)s one of theessentialbasic

food cropsworldwide It has been attacked by marngsect pestssuch as
aphidsMyzuspersicae(Sulzer) (Hemiptera: Aplidae) This research amid
to use plant essential oil elicitors itmprovethe controling methodof the

green peach aphid. persica.

In this study different essential oil§EO) from medichal plants were tested
againstM. persicae Assessment of theipotential role in inducing plant
resistance pathwaysgno t at o coli&ar wasdtudied Measuring two
common enzymes indicators such as guaiacol Peroxidase (POX) and
Polyphenol oxidase (PPO) expressed in pladstphysical or chemical
injury. The Electrical Penetration Graph (EP@Jjas also used to monitor

changes in aphid behaviordadimpact of the EO on aphid feeding behavior
XXI



was monitored and recorded for 8 hrs posatment.The effectof the
medicinal plants' oil on theaphidmortality was caied out and measured in

vitro

Resultsshowed that 60% of the esdial oil extracts have insecticidal
activity againstM.persica Results also revealed that serEO have
significantly increased thdevel of POX or PPQ and insect behaor
compared @ the control. Mustard, $ge, bjoba, Eucalyptus, MBter
cuaumber, @Gmplor, and Rsemary oil have naturalnduction in potato.
Camphor, Sage, Pomegranate, and Bittercucumber caused a disturbance in
GPA settling behavior and prolong searching for a feeding Bitestard,
Eucalyptus,and Sage resulted in delayingodrpotential associated with
nonpersitgent and sempersistent.Lavender, Eucalyptus, and Musla
causeda delay in sieve elementebavior associated with persistevirus

transmission.
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1 Introducti on

1.1 Genera introduction

Potato Solanum tuberosuna., (SolanaceaeSolanaley with an estimated
1400 speciegWahlertet al., 2014)is considered asne of the mairfood
sour@s after rice and wheain many counties (Devaux et al., 2014)
Potatoegproducs could be usedsfresh, frozenor dehydrated, but theye
mainly usedin food processig such agotato chips, French fries, and other
processed produc{Zhang et al.2017) Potat@s containa high percentage
of carbohydratestarch andthe basic nutrentssuch agprotan, fibers, and
vitamins especiallywitamin C, B6, and Blthey area very rich sairce of
potassium, phosphorus, calciutmagnesium,zinc, and micronutrient
(Storey, 2007. Potato cultivatedarea inthe West Bankhas reched2 1 1 7 7
(dounm)eauivalent to aratio of 4.3% of the toél areaused for field crop
cultivation The total prodction of potatowas70000tons/year, 38% of the
total field crop production in Palesting (PCBS20072008. In 2015 the
area planted with potatoes was equal @39 (dounm)equivalerb aratio

of 3.2% of the total area used for field crop cultivatidhe total production
of potato waf37,552 tors/year, 11% of the total field cropqduction Tubas

government was the largest area cultivated with po#itéo), followed by



Nables g@vernment (30%).The total production portion was inTubas

governmen{43%)and in Jenen@vernmeni(27%), PCB320132015.

Potato crop habeen attacked by amy insect pests, which causedamage
by eitherdirect feeding onthetubers or theregetativepart or indirectly
by transmitting pathogens Green peach aphidgGPA) Myzus persicae
(Sulze) (Hemiptera: Aphididae)is the most economically importamsect
pest on Potato it causes damage prinigrthroughtheir direct feeding on
the plantphloem and transmissionf over than 20Qiral diseasesuch as
Potato Leaf Roll Virus (PLRV), Pdib Virus Y (PVY), and Potato Virus A
(PVA) (Westwood & Stevens, 201L0Non-persistentirusescan causep to
30%cropreduction(Van Emden& Harrington, 2007Ragsdale et al2001)
Infected plant only show symptomsin daughte tubes trm net necrosj
leaf roll, sysemc necrosis, leaf drop streak, ¢gpng of ivesand los vigor

and yield potential ithe plant(Ragsdale et al., 200Novy et al.,2002)

GPA ha developedresistanceagainst mostof the registeredsynthetic
insecticidegSilva et al., 2013)A reduction of 80% of the crop yields was
reported whemo control measures were applieflfolman et al2004)
Alternatives to insecticidesand sustainable control measuvesre required

to avoidtherapidemergencef insectresistaie In addition totheincrease



of human and beneficial organism rigiad the negative impact on the

environmeial (Speranza et al.2008)

Biological control, transgenic cropndintegratedoestmanagementiPM)
were alternatives to chemical control. Howevethe transgenic crp might
not be allowedin somecounties (Burketovaet al., 2015) Industrialized
countrieswere working on reducingthe usageof pesticides worldwide by
searchindor alternative ways to control plaimsectpests andliseasesThe
rapid increas®f GPA population densy tends to enhancehe development
of insecticideresistant which could be harmful tohuman health anthe
environment. Plantinduced resistance is newsafe and innovaive
techniques to protect crops fromsect infestationreducescrop losses
contribute to sustainable agriculture production and food sec@#peranza
et al.,2008 Chandler et al., 2A). Inducing systemicacquired resistance
(SAR) and induced systemiesistance (IR) are two forms of inducing
resistancalependenbn protein The most important for all plant's systemic
responses treated plant by oil can lead to inducible defensengr@&each
researches are getting more attention and growing in{@westetova et al.,

2015 Yan et al., 2013Conrathet al.,2002)

Essentialoils are extrated from different plant partdMoharramipar &

Negahban, 2014}heyare secondary metabolitdsat are highly volatile and

3



have astrong odoi(Bakkali et al., 2008)EOscould be used aslternatives
to chemical pesticidego reduce the negative impaats the environment
andcould besafefor human and animal heal(hiao et al., 2017Kunbhar et
al., 2018) EOs have amajor role in the plant defense systeragainst
microorganisrg, insectsandherbivoresthey couldinduce SAR and ISk

the host plan(Heldt et al., 2005)

The Electronic Penetration Graph (EPG) Hasen developed to study
piercing insecteeding settlingbehaviors and host selectiobny monitoring
the stylist behaviorwithin the plant tissuegTjallinii & Esch, 1993) EPG
principle is based onrecordng the voltage changes induced by feeding
behaviorsDifferentfeedingbehaviorshaws differentwaveforms pathwgs,
through the mesophylhonprobing aphidstylist outside the plan{np),
pathwayactivities(C), intercellular pathway punctur¢éBd) associated with
non persistent virus inoculatign salivationassociated witlsieve elemet
salivation or persistent virus inoculation)El), phloemfeeding and sieve
element ingestioE2), and G(xylem ingestion "drinking"YHalarewicz &

Gabrys 2012)



1.2 Objectivesof the project

Therefore, th@bjectivesof this project were to

9 Determine the response of potato @dp the indigenous medicinal
Palestinian EO

9 Determine the response GPA M. persicaeo theindigenous Palestinian
medicina EO.

9 Determine the effect of thendigenous Palestinian medicinal E@h

potato plant induced defenses (POX and PPO).

' Monitor changes in aphid probing, feedjnand settling behavior to

evaluate EO impact caphid



2 Literature review

2.1 Controlling Aphid pestMyzus persicae

Aphid is a major insect pest to mangommercial crops during plant
development, podtarvesting, and storagaus they couldeducethe yield

of the crop (Dedryveet al.,2010).

Aphid control in potato halseen primarily depatent onchemical control It
was reported that the extensive usaglechemical pesticides has led to
enhance insect resis@mand crosgesistage to pesticides(Stern et al.,
1959) Also, the increasef public coneem about their harrul impacton
humars, animal healthand th& high risk to the environmrent (Dedryver et
al., 2010) Therefore scientists are looking for an alterndgive methodto

chemical control witlpesticides.

2.2 Essential oilusage

Previous studies have reported that many antimicrobial such as organic
material, essential oilsecondary metabolite), microbial exti®c plant
extraction,andseed oilsare very important imedicinalresearcHPillmoor

et al., 1993)



Plant extractions and plant seed oils were used as ipssttrepellent
againstharmful larvae of Lepidoptey Coleoptera, StoreBroduct Insects,
andaphids(Ayvaz et al., 2010Digilio et al., 2008) They coulddelaythe

immature development, adult emergenamnd fertility (Marimuthu et al.,
1997 Chakraborty & Chakraborti 201Q Isman, 2000)this mightbe safe
for human health and environmerfAhmed & Grainge, 1986Tang et al.,

2002)

Recent studies demonstrated the wide range of insect taxhavatizen
affected bydifferentessential oilsKkanat & Alma( 2004)found insecticidal
effects of essential oils fromLavandula stoechas(L.), Lavandula
angustifolia(L.), Eucalyptus camaldulensi®ehnh.)and Thymus vulgaris

(L.) against the larvae of pine processionary moth, Thaumetopoea
pityocampa Schiff The insecticidal effect of Lavandula hybrid (L.),
Rosmarinus officinaligL.), and Eucalyptus globulugLabill.) oils were
evaluatedon Acanthoscelides ldectus(Say) (Coleoptera: Chrysomelidae)

adults(Papachristos et al., 2004)

Tunc and Sahinkaya(1998) found that essential oils of cumi€@minum
cyminumL.), anise Pimpinella anisiumL.), oregano Qriganumsyriacum
var. bevanii L.) and eucalyptus.( camaldulensis were effective as

fumigants against the cotton aph#bhisgossypiiGlover).
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2.3 Plant defense response

2.3.1 Plant induce resistant

Inducing resistate by stimulating the plant immune system isrecent
innovation in crop protection which may replace insecticides used for pest
contrd. Treatingtarget pland with cell wall fragmentpr plant extractionor
synthetic chemical thatight be triggerecupon irfection of insect pess
(Burketova et al., 2015Lyon, 2007) The nsectcould alsoinduce the
production ofdifferent compounsisuch agolyphenol oxidase, peroxidase,
lipoxygenaseand proteinasé€Stout et al.,1997) Host plant resistance to
insects, especially, induced resistaramyld bemanipulated wih the use of
chemical elicitors otthe secondary metabolites, rapid release of Reactive
Oxygen Species (ROSproduction of toxins, antimicrobial compounds or
enzymes, volatile organic compounds, whtdlggersresistance to insects

(Chen, 2008)

War et al.(2015)foundthattheinductionof enzyme activities of secondary
metabolites ws in all the insectesistant genotypes infested with
Helicoverpa armigera (HUubner) (Lepidoptera: Noctuidae)Phenolic

compounds are the most common group of defensive compounds in



seondary metabolitesThey play an important role in plant resistance
against insect@Nar et al., 2015Rani & Jyothsna, 20tMazid et al. 2013
Kusnierczyk et al., 2008) They could accumulate byPlant growth
promoting RhizobacteridPGPR, or they could bedirectly toxic or they
could produce a hypersensitive response (HR) lan{s (Sivasakthi et al.,
2015; Kiprovski et al., 2016)Mobile signals are transmittetirough the
phloemfrom the induction sitéo plant tissues to protect it from insgeckhis

Is known asnduce resistance such as systemic acquired resistance ¢6AR)

induce systemic resistance (ISBary, 2012)

2.3.2 Systemic acquired resistance (SAR)

SAR is a form of induced resistance in plants that medihatesghthe (SA)
dependent pathway. SAR is an important signaling factor in the indication
of plantinsect resistancand reslts in theaccumulationlevel of defense
hormone salicylic acid(SA) and activation o wide range of genexalled

PR proteingdFu & Dong, 2013 Vallad & Goodman, 2004)reaing plants

with natural elicitors can induceesistanceand increasethe potential to
control insect associated with increased activities of plant deferkded
enzyme contenighroughinhibition of thedigestive enzymes in the insect

gut. Thuscould replace pesticidésu & Dong, 2013).



2.3.3Induced systemic resistance (ISR

Induced systemic resistance (ISR) is the second main forms of induced
resistance, by which selected plant growtbmoting bacteria and fungi in

the rhizosphere primef the whole plant body for enhanced defense against
insect herbivoresand it depends on both the Jasmonic acid (JA) and
Salicylic Acid (SA) signaling pathwayigure (1) (Pieterse et al.,, 2014

HarunOr-Rashid & Chung, 2037

Systemic acquired Induced systemic
resistance . resistance

Priming for
JA/ET defenses

Figure 1. Systemic acquired resistance and Induced systemic resistance mechanism.
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24 Electrical penetration graph (EPG)

The dectrical penetration graph (EPGjs an important indcator and
technique usedotinvestigate the feeding behaviorspdfloem and xylem
feeding insectsuch as whiteflies, scale insects, thrips, leafhoppers, and
aphids. (Tjallingii & Esch 1993) EPG allows reatime visualezation of
aphid feeding behavioThey are also used to determine plant resistan
against saffeeding insectslt was found thaaphids takng a long time to
locate the sieve eleme(®E), this could beassociatedvith epidermis or
mesophyllresistancemore cell punctures indicatgroblemsin navigating
throughthe planttissues to the SE; shorter periods of ingestion from the SE

(E2) shoveda rejection of SE(Prado & Tjallingii, 1997)

EPG has been used to investigate the effects einpestation by aphids on
subsequent population$ theyellow sugarcane aphi&iphaFlava (Forbe$,
results displayed improved feeding abilities on préested Sorghum
halepensgL.) leaves(Gonzales et al.2002) AB Ghaffaret etal., (2011)
used the EPG technique to study tleeding behavior of thelgmthopper
Nilaparvata lugens(Stal.) (Hemiptera: Delphacidaejn different rice

varieties showing different levels of resistance.
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3 Material and method

3.1 Insectcolony and plant

GPA colony was initially brought to the laboratory from ameicted potat
plant collected fromPTUK / Palestine All stages of the aphid al
maintained on the young potgbtantsfor the laboratoryrials following the
methodology described biBtobbs et al., 2015)The infected plants wet
propagated in a glasshouse at PTUK and maintained under st
conditions of 25 £ 5° C, 65 = 5% relative humidignd a photoperiod c
16h light plants werdertilized with irrigation waterweekly with Nitrogen:
Phosphate: Rassium(NPK) (13:13:13). Soil combinati@iused in this
study containec mixture of 2:1ofpeat mossvermiculite then the mature
aphids werdepton plants for 24 h, resulting in neonate nymphs with an

of Oi 24 h that were used throughout the expernits.

3.2 Essential oil aphid Bioassay

Commercial preparations a#t EO (Palsame essential oils, JeRialesine)
(Table 1) were used in thisst. Theinsecticidalactivities of the indigenous
EO were evaluated again&PA. Newly laid aphids at day O, omate
nymphs (agedi®4 h) were obtained from th8PA population reared on

potato plantsNineaphids were transferred usingairbrush toleaf discscut

12



by crockboreranddippedin EO concentration. Three leaf discs were placed
in a5 cm petri dishon a wetfilter paper Mortality wasrecordedafter72 h.
For each EOa stocksolution was prepared wittistilled water and diluted
within a concentration range of (10,100, 500, 73000 ppm). Five
replicates weraisedfor each EO tested, under room coiwitasshown in

figure 2.

Table 1: List of the essential oils usedtime study

English Name Scientific Name Family

Thyme Thymus vulgaris Lamiaceae
Coriander Coriandrum sativum Apiaceae
Jojoba Simmondsia chinensis Simmondsiacae
Nettle Urtica dioica Urticaceae
Sesame Sesamum indicum Pedaliaceae

Bitter Cucumber

Colocynthiscitrullus.

Cucurbitaceae

Mustard

Sinapis arvensis

Brassicaceae

Eucalyptus Eucalyptugylobulus Myrtaceae
Sage Salvia officinalis Lamiaceae
Rosmare Rosmarinus officinalis Lamiaceae
Camphor Cinnamomum camphora | Lauraceae
Pomegranate Punica granatum Lythraceae
Mentha Mentha spicata Lamiaceae
Lavender Lavandula spica Lamiaceae

13




Figure 2: Essential oil aphid Bioassay withan concentration range of (10,100, 500,

750,1000ppm)after 72h

3.3Vegetative growth and yield

Potato plants were monitored to determine the effects of EO treatments.
whenthe Potato plastwereone weelold (3-4 leaf stage plant), leaves were
sprayed wthin (EO), and water for the contrduring the growing period

(five weeks) phytotoxic symptonand shoot length were monitored weekly
then pant were harvested to evalugitant total yield per treatment, root
growth, plant and rootfreshand dry matr where measured as described

by Huang etal., (2019)
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3.4Enzyme Defense of Host Plant Assessment:

Assay of defenseelated enzymes (POX and PPO) for the infected and
control plantwas measuredPeroxidase (POX) and polyphenol oxidase
(PPO) activities were measuregdectrophotometricallysing (Hach Lange
DR6000 U\VAVIS Spectrephotometer, GermanylPotatoii S peb acdltivar)

with 5 replicate for each treatmeattl% concentrated after 48 htoéatment
following themethod of Scottet al.,(2017) 0.3 g of frozen leavesample(-

803 wereplacedin 2 mL Eppendorf tub&eforehomogenizedvith 1.25

pL of 0.1M potassium phosphatefK0y,) buffer (pH 7, containing 7% (w:v)
polyvinyl-pyrrolidone (PVP). Each homogenate extract was transferred to a
new centrifuge tube. Then 100 pL of 10%wmn of Triton X-100 was
added with mixing vigorously around 10 secsn@ec. Tubes were
centrifuged for 8000 rpm for 15 min using (Hettich® MIKRO 200/200R
centrifuge, 2652121 SIGMA). Then, each supernatant was used immediately
as an enzyme source fonzyme activity assay. Abkamples were kept on
ice. To determine POX activity, 10 uL of enzyme extract was added to 2 mL
disposable cuvette containing 1 mL of freshly prepared 5 mM guaiacol with
0.02 mM hydrogen peroxide (B,) dissolved in 0.1M KPO, buffer pH 8
(Aman, 2015) For PPO assay 10 uL of enzyme extract was add@dmh

disposable cuvette containing 500 uL of fresh prepared 10 mM catechol

15



dissolved in 0.1M KPO, buffer pH 8. Changes in absorbance were
measured at 470 nanometers (nm) fors8@ at room temperature using a
spectrophotometer device. Enzyme specifigvagtfor both enzymes as
reported as Absorbance/min/mg of fresh tissue wei@lbughton et al.,

2006 Furumo & Furutani, 2008)

3.5Electrical penetration graph (EPG)

Following the method offjallingii, (1988) the EPG system was used to
monitor plant penetration and feeding actest of apterous aduftPA on
potato seedlings sprayed wiii%) EO or waterfor the control. The
equipmenincludedan electrical resistor, a voltage soyraed a Giga 8DC

EPG amplifierwas set ugMartinet al.,1997) GPAs were starved for an
hour then it was attachedwith fine gold wire with conductive silver paint
and attachedto the electrode; a second electrode, constructed of thicker
copper wire, was placed in the soil of the experimental plant. The EPG was
located within a faraday cage covered in silver foil to minimize interference
and was run at a temperature of 24 + 3ACvoltage source and a- ®C
EPG amplifier with aEight6harhelsgveraised u t
concurrently for each aduBPA on potato seedlings sprayed with EO or
water as the control. Each recording lasted for eight hours. All the signals

were recordedral analyzed using STYLET+ software in figige

16
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Figure 3. Electrical Penetration Graph equipment

EPG waveforms have been previously characteriZgdllingii & Esch
1993) Typical traces displaying the main feeding behaviors are shown in
Figure4. the norprobing (NP; out of the plant); pathway (C; including cell
penetrations); salivation in th8E (El); SE sap removal (E2); xylem
feeding (G) and difficulty feedindelay(F); number andhe average length

of potential dropsKD9g, which represent cell penetrations.
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3.6 Data collection and analysis method

Collection spread data sheets were analyzed using Analysis of variance
(ANOVA) test usingthe general linear models procedure (PROC GLM).
Levels of significance were determad by applyingDuncan's multiple
grouping test On means and the standard deviation (StdD seplicate
readings at P= 001. Insecticidal activity bioassays of EO were calculated
from probit regressions to measure sb@nd 95% confidence limits (Cl
95%). All statistical analyss were performed using Statistical Analysis
System (SAS) (SAS Institute 2009). Figures and diagrams were carried out

using (11sigma plot system).
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4 Results

4.1 Essential oil aphid Bioassay

Table 2 showed results ofbioasss test usinga different essential oil, the
highest mortality ratg(LCsg) was recorded foiSesameoil (1.06 ppm
followed by Mentha, Lavender, Rosemary, Pomegranate, Gagalyptus
and BitterCucumberoil are (2, 3.3, 4, 6, &1, 8.01, and 10.04pm
respectively. Sope ranged SesameMentha, Rosemary, Lavender,
Pomegranate, BitteCucumber, Sage, anHucalyptusare(0.01, 0.23, 0.29,
0.48, 0.5, 0.73, 6, and 6 ppmaspectively, The correlation obtandarcerrar
had highly correlation and correlatiaof degree of freedom had highly
correlatedMoreover the toxicity for coriander was varied at 191 ppm

with a slop 0.98, standard error 0.49, and degree of freedom 0.97.

4.2 Vegetative growth and yield

4.2.1 Vegetative and root growth of potato plant

Potato vegetative and root growth post EO treatment have no significant
difference with control (Figure5A). Mustard oil recorded the highest growth

of 50.5 cm compared with the control of 42.7 cm.
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Table 2: LCspvalues (with comsponding 95% confidence limits) for green peach aphid adults after 72 h exposure to potato leaf disks

dipped in different concentratisrof EO. Mortality in all control treatmentsagalways below 10%. The results presented ag LC

with corresponding 95%onfidence limits (CL), Pearson Céguare results, degree of freedom,(dfid regression equations.

Slope +Standar
OIL Regression equations | X (df) Error (SD) LCso(ppm) | (95% CL)
Thyme 0 0 00 0 0
Coriander y =2.1659x + 1.5721 R2=0.97 (4) | 0.98 #.49 191 2.42489 5057
Jojoba y = 8.2913x- 2.6852 | R2=0.97(4) | 0.64 +0.48 29 8.84325E7 - 139.60434
Nettle y = 5.31x- 1.3554 R2=0.97(4) |0.89£0.49 20 0.55979 65.52865
Sesame y = 6.0616x 3.0045 R2=0.97 (4) | 0.01 £0.54 1.06 3.2321E11- 11.33740
Bitter cucumber y =4.966x- 1.4811 R2=0.97 (4) |0.73 £0.50 10.04 0.15297- 36.89183
Mustard y = 7.0796x 2.35 R2=0.97(4) |0.61+0.48 15.47 0.00155- 71.86417
Eucalyptus y = 0.5599x + 0.6242 R2=0.97 (4) |[5.87 +4.86 8.01 0
Sace y =0.5599x + 0.6242 | R2=0.97 (4) | 5.87 +4.86 8.01 0
Rosemary y=7.4217x 3.1216 R2=0.97 (4) | 0.28 +0.49 4 4.308E10- 30.32168
Camphora y =4.0745x 0.7981 R2=0.97(4) |1.10+0.50 17.344 1.71848- 47.50174
Pomegranate y = 5.6475x 2.0474 Rz =0.974) 0.5 £0.50 6 0.00512- 29.13202
Mentha y = 3.607x- 1.5774 R2=0.97(4) |0.22+0.70 2 1.04174E7 - 8.80587
Lavender y = 3.9576x 1.4602 R2=0.97(4) |0.47+0.58 3.30 0.00804 - 13.94872

* Regression equations estimated by probit regression
** (95%) Corfidence limits for LGpin ppm
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Camphor, Jojoba, Eucalyptus, Pomegranate, Sage, Rosemary, Lavender,
Coriander, Bitter CucumbeiMenthg and Nettle,have highervegetative
growth level by(50, 49.2, 49.1, 47.5, 46.8, 46.5, 46.5, 46.2, 45.6, 464
44.1cm, respectively. Sesame oil had a decreasing range of length by 35.8
cm compared withhe control No datawere recordedor plants treated with

Thyme oil the plantshowed wlting, chlorosis and burning symptoms

Rosemarytreatment caused mgignificantincreasein the root growth Z4
cm) compared withthe control (20.6 cn). Mustard, Lavender, Pomegranate,
Mentha and Sagecaused als@ nonsignificant increa® in root growth
(22.6 to 2Zcm) (Figure 5B) Eucalyptus, Nettle, Bitter Cucumbera@phor,
Coriander, Jojoba, and Sesame laatbn-significant lowerroot growth to
control 0.3, 19.6, 19.3, 19, 16.3, 15.6 and 1&n38 respectively No data
were recordedor plants treated withifThyme oi|l asthe plantsshowed

wilting, chlorosisand buning symptoms
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vegetative (A.) and root (B.) growth of potato plant after EO treatment, results
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Tuber Growth
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mentionedearlier.

significantvalue ontuber numberapproximately 10 tubers compared with
control

the control (7 tubers). Followed by Coriander, Nettled Biter Cucumber

4.2.2 Tuber growth of potato plant
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Figure 6: The number of tuber growth in potato plant after EO treatment, results
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4.2.3 Shoofresh/ dry weight

Plants treated with EO showed a signifidartigher shooffreshand dry
weight compared with control (Figure 7). Mustard, Pomegranate.
Eculauptas, lavender, Mentha, Sage, Bitter Cucumber, Rosemary, Camphor,
Jojoba, Coriander and Nettle, recorded #sigant increase effect on shoot
freshweight (23.21g 22.19, 22.08, 21.76, 20.34, 19.57, 17.59, 16.76, 16.48,

15.06, 14.52, and 13.95¢q, respectively (Figure 7A).

Results of EO impact on shoot dry weight showed significant differences of
Mustard, Lavender,Eucalyptus, Pomegranate, Jojoba, Sage, Mentha,
Rosemary, and Camphor (2.7,2.37, 3.63, 2.29, .2.22, 1.98, 1.97, 1.67, 1.59¢g

respectively), compared to control (Figure 7B).

4.2.4 Rootfresh/dry weight

Rootfreshand dry weight of plants treated with E@osved no significant

differences with the control (FiguréA&B).
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4.3 Assessment of EO treatment on enzyme activity of host

plant

4.3.1EO treatment impact on PPO of potato leaves

Plants treated witdojobashowed highsignificant impact on PPO activity
(0.98 OD/mn/mg) compared with the contr@0.58 OD/min/m¢ (Figure 9)
Followed by Coriander an@ihyme, whichhad an increasing effect dhe

PPO level(0.71 and 0.660D/min/mg respectively.On the other hand
Sesame, Nettle, Camphor, Lavender, Sage, Mentha, Rogem
Pomegranate, Eucalyptus, and Mustard had a significant decreasing impact
on PPO activity0.54, 0.36, 0.26, 0.24, 0.22, 0.2, 0.16, 0.12, &t 0.08

OD/min/mgrespectively)

4.3.2 EO treatment impact on POX of potato leaves
Figure 10showed POX radings for potato plants treated with EO. no

significant impact of the diéfrert treatmerg on POXactivity compared with

control.
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4.4 Electrical Penetration Graph (EPG)

The data for the electrical penetration graph followed a normal distribution
(P > 0.001), so Duncan's multiple grouping testas beenused forthe

analyses

4.4.1 The first time of Aphids waveforms

Figure l1lillustratedthat during thdirst two hour EPGrecording including
pathway and norprobing behavior In patlway waveform (C)reportedno
significant impact on plants treated witdll EO compred with control.
Although Pomegranate Jojoba. Bitter Cucumber, Sage, Sesame, and
Rosmary during the pathway behaviorZ9, 633, 579, 577, 53@nd 520
sec, respectively compared with contrq429 seg but was not significantly

different

Non-probing waveforms (NP) Camphor Sage, Rosemary, Jojoba,
Pomegranate, Coriander, and Mentieaorded thdongestdelay in GPA
settling behavior (426393, 259, 203, 188, 152, ai®1 sec., respectively)

compared with the control.
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Figure 11 The Electrical Penetration Graph (EPG) was used to mahigofirst timeof
feeding behaviors NP and C waveform in potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sintéters represent the same impact at P=

0.001

Figure12 Showedresults ofE1 (associated withieve elemensalivationor
persistent virus inoculation) and E2 (associated with sieve element sap
removal). There waa nonsignificantdelaybetweerplants treated wih EO

and control.SesamgPomegrana and Sagg5606, 3705.and 3075sec.,
respectiely Figure 12) While in SE sap removdE?2) EO treatmentiad no
significant difference compared with conti@igure 12). Bitter cucumber,
Mustard Eucalyptus, Camphognd Menthgprevented GP/Asieve element

behavior for both E1 and E2.
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Figure 12 The Electrical Penetration Graph (EPG) was used to mahidirst time of
feeding behaviors Eland E1 waveform potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sinhékers represent the same impact at P=

0.001.

During the first two hoursrecording GPA xylem feeding (G) and difficulty
of penetration and the feeding dealing flave beershown in(Figure 13.
In (G) waveforma nonsignificant impactof Jojoba, Rosmary, Thyme,
Mentha, Sage(2736, 2671, 2598, 2096, and 20%ec., respectiely)
compared with contrql1699 seq. (Figure 13)However, Bitter-Cucumbey
Mustard Eucalyptus Camphor, and Laveed prevented GPA xylem

feeding behavior (Figure 13EO treatments showed non-significant
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impactcompared with contrabn GPA penetration difficulty and the feeding
dealing (F). Mustard, Sage, Nettle, Eucalyptus, Thyme, Poargfe,
Coriander, Mentha, Rosemary, Sesame, Bitter Cucumber, and J2y@da
2603, 2463, 2410, 2239, 2021, 1408, 1279, 1249, 996, 8589, 944

sec,respectively).
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Figure 13: The ElectricalPenetration Graph (EPG) was used to morifieffirst time of
feeding behaviors G and F waveform in potato plant after EO treatment, results represent

mean and Std of 8 replicates. Simiktters represent the same impact at@801

The potential dropof GPA behaviorof the three suiphases related to
intracellular punctures associated wite acquisition and inoculation of

non-persistent viruse@D) results shown ifFigure 14.
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The electrical penetration grawhcord during the first two hours showed
that EGs treatmens havea significant impact on PPFigure 14). Mustardoil
recorded the highest readirfg830 seqg compared with the contrdb37
sec) followed by lavender, Pomogranat, Nettle, Jojoba, Sesant Sage

(1315, 1236, 925, 658, 611, andi0csec respectively
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Figure 14: The Electrical Penetration Graph (EPG) was used to mahidirst time of
feeding behaviors DRvaveform in potato plant after EO treatment, results represen

mean and Std of 8 replicates. Simikttersrepresent the same impact at@801
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4.4.2The seond time of Aphids waveforms

Figurel5illustratedthat during thdirst two hour EPGrecording including
pathway and nonrprobing behavior In patlway waveform (C) reportedo
significant impact on planter treated with all EQ@omparedwith their
control. Although Sag Bitter cucumber, Sesame, Rosemary, Mustard,
Jojoba, Pomegranate, Mentha, Nettle, Lavender, Thyme, Campbiong

the pathway behavior (69®60, 655, 648, 633, 609, 552, 508, 507, 454,
435, and 340 sec., respectively) compared with control (327 sec), but was

not significantly different.

Non-probing waveforms (NRBitter-CucumbemMentha, Pomegranate, and
Lavender recated the longest delay iIBPA settling behavior (3000,2490,
794, and 491 sec., respectivelgbmpared with the controB83 seq. Oil
Jojobahad thehighed decreasing significant readimd 8 sec compared with
water control, Moreover, the oil Thyme, Coriander, Nettle, &uas,
Mustard, Eucdyptus, Sage, Re@mary, and Camphor did not show any

result, when they are comea with water control.
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Figure 15: The Electrical Penetration Graph (EPG) was used to mahié@econd time

of feeding behaviors NP and C waveform in potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sintgtiersrepresent the same impact at P=
0.001

Figure 16 showedtheresults of E1(associated witlsieve elemengalivation

or persistent virus inoculation) and E2 (associated with sieve element sap
removal). There waa significant delay between plants treated with EO and
control Sesameand Sage with readings 8859 and 553%e¢) compared

with control(4027seq. While in E1 sap removalE2) EO treatments had no

difference compared with control (Figure 1&)jtter cucumber, Mustard,
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Eucalyptus,Rosemary Camphoy Pomegranate, Menthend Lavender,

prevented GPAieve elemenehavior for both E1 and E2
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Figure 16: The Electrical Penetration Graph (EPG) was used to mahié@econd time

of feeding behaviors E1 and E2 waveform in potato plant after EO treatment, results
represent mean and Std of &plicates. Similadetters represent the same impact at
P=0.001, The absence of identical characters due to the absence of duplicates.

During the first two hoursrecording GPA xylem feeding (G) and difficulty

of penetration and the feeding dealing (F) énd»een shown ifFigure 17).

In (G) waveforma nonsignificant increment impaatf Bitter Cucumber,

Nettle, Mentha, and Sag(5290, 3100, 1995and 1740Sec, respectiely)
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compared with contro(1534 sec) (Figurel7) However, Thyme, Jojoba,
Mustard Eucalyptus Rosmary, Pomegranateand Lavendemprevented
GPA xylem feeding behavior (Figure 18O treatments showea non
significant impact compared with control on GPA penetration difficulty and
the feeding dealing (F). Mustard, Coriander, Sage, RosgenTdryme,
Nettle PomegranateEucalyptus Jojoba, Sesame, Mentha, and, Bitter
Cucumber (2997, 3140, 2568, 2539, 2438, 2105, 1953, 1866, 1578,

1529,1494, and 1474sec., respesyiu
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Figure 17: The Electrical Penetration Graph (EPG) was usedonitorthe second time

of feeding behavior$s and F waveform in potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sintgiersrepresent the same impact at P=

0.001
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Paential drop GPA behavior related to intracellular punctures associated
with acquisition and inoculation of nguersistent viruses (PD) results shown

in (Figure 18.

The electrical penetration graplcord during the first two hours showed
that EG treatmets havea significant impact on POjFigure 18), Mustard
and Eucalyptumils recorded the highest reading (02917 sec) compared
with the control( 589 sec) followed by PomegranateSage,Lavender,
Bitter cucumber,Sesamgand Jojoba(2002, 1471, 132,1209,869,and821

secgrespectively.
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Figure 18 The Electrical Penetration Graph (EPG) was used to mahiéaecond time
of feeding behaviors D®aveform in potato plant after EO treatmergsults represent
mean and Std of 8 replicates. Simikttersrepresent the same impact aOR91.
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4.4.3 The third time of Aphids waveforms

Figurel9illustratedthat during the firstwo hour EPGrecording including
pathway and nonrprobing behavior In pattway waveform (C)reported no
significant impact on plants treated with all EO compared with control.
Although EucalyptusSage,Jojoba,Ponegranate Sesame, Muatd, Bitter
Cucumber, Rammary Menthg Lavendr, Nettle, and Thymeprolong
pathway lehavior(887, 780, 698, 683, 678, 659, 605, 592, 574, 550, 549,
and 512sec, respectively)compared with control (503 seg, While
Coriandr and Camphots readings hacdho significanteffect comparedo

controls.

Non-probing waveforms (NPR) Bitter Cucumber Lavende, and

Pomegrana recorded the longest delay in settling behaviss58, 1409,
and 1278&ec, respectively compared with control (540 seg. Moreover, the
oil Thyme, CorianderJojoba,Nettle, Seame, Musérd, Eucdyptus, Sage,
Rosmary, Camphqr Mentha, and Lavendx did not show any result,

compaed with water control
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Figure 19: The Electrical Penetration Graph (EPG) was used to morsemond time
feeding behaviors NP and C wé&wen in potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sintgtiersrepresent the same impact at P=

0.001

Figure 20 showedtheresults of E1 (associated wisieve elemensalivation

or persistent virus inoculation) ari€R (associated with sieve element sap
removal). There waa non-significant delay beveen plants treated with EO
and control. Coriander and Sage with readings7{87and 6021Seq
compared with control4679seq. while in SE sap removal (E3)il Jojoba
which had an increasing effect on time level readi2§8 secconparing

with control and ther oils did not show any result.
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Figure 20: The Electrical Penetration Graph (EPG) was used to mommieding
behaviors£1 andE2 waveform in potato plant after EO treatment, results represent mean
and Std of 8 replicates. Simildetters represent the same impact at B£01. The

absence of identical characters due to the absence of duplicates.

During thefirst two hours recording GPA xylem feeding (G) and difficulty
of penetration and the feeding dealing (F) have been shoy#igare 2).

In (G) waveformno-significant impact ofMentha( 3384sec)compared with
control (254%&eq. while oil Sage andCamphor hadto decreassignificant
reading(2211 and 1658eq Moreover all other oildid not show any result,

when they are compad with water control.
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While in (F) oil Mustardhad a maximam reading383%ec cormparedwith

control 2006 sec folowed by, Bitter Cucumber, Roemary, Sage,
Pomegran& Thyme Coriander Jojoba and Eucalyptug3232, 3150,
3139, 3105, 2943, 2745, 2482, 22@Bd 2124secrespectively. Lavender
and Camphoand Menthaeadingl041, 961, and 679saespectivelywere

lower thanthe control
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Figure 21. The Electrical Penetration Graph (EPG) was used to madhg@econd time
of feeding behaviors$z and F waveform in potato plant after EO treatment, results
represent men and Std of 8 replicates. Similattersrepresent the same impact at P=

0.001.
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Potential drop GPA behavior related to intracellular punctures associated
with acquisition and inoculation of nguersistent viruses (PD) results shown

in (Figure 22.

The dectrical penetratin graphrecord during the first two hours showed
that EO treatmesthavea significant impact on PQFigure22) Mustardoil
showedhe highest reading ¢8151sec) compared with the control reading
of (686 sec) followed by PomogranatSage, lavendeiEucalyptus, Bitter
cucumber Sesameand Jojola (2852 1564, 1437, 1359, 1274, 1099, 1051,

and 853seg respectively.
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Figure 222 The Electrical Penetration Graph (EPG) wased to monitor the second

time of feeding behaviordDP waveform in potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sintgtiersrepresent the same impact at P=
0.001
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4.4.4The duration of Aphids waveforms on first two-hour
recording

Figure23illustratedthat during the first two hour EPG recordinggluding
pathway and noprobing behavior. In pathway waveform (C) reported no
significant impact on plants treated with all EO compared with control.
Although Thyme, Coriander, Sesame, nettle, [Rogry, SageandJojoba
prolong the pathway behavior2@67, 2260, 1905, 1429, 1419, 13&hd

1061sec, respectivelyonpared withcontrolof (1037 sek

Non-probing waveforms (NR)of plants treated with EOshowed no

significant differences with the control.
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Figure 23. The Electrical Penetration Graph (EPG) was used to madh#aluration of

feeding behaviors NP and C waveform in potato plant after EO tregtmesults

represent mean and Std of 8 replicates. Sintdiersrepresent the same impact at P

0.001

Figure24 showed results ofE1l (associated withieve elemensalivationor

inoculation) and E2 (associated with sieve element sap

persistent virus

removal). There waanon-significantdifferencebetween plants treated with

Camphor, Mentha

EO and controlBitter cucumber, Musird, Eucalyptus,

and Lavender, prevented GRfve elemenbehavior for both E1 and E2
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Figure 24: The Electrical Penetration Graph (EPG) was used to mdhealuration of
feedirg behaviors E1 and E®aveform in potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sinfgfiersrepresent the same impact at P=

0.001

During the first two hoursrecording GPA xylem feeding (G) and difficulty
of penetration and the feeding dealing (F) have been sho@higure 25).
In (G) waveforma nonsignificant impact oSagereading(48seQ compaed

with control(23sec) (Figure25.A).

EO treatmentgFigure 25.B) showeda significant impact compared with
control on GPA penetration difficulty and the feeding dealing (F).
Eucalyptus Mentha, Pomegranate, Jojoba, and, Sage (7019, 3232, 3150,

3139, 310, 2943,2745, 2482, 2205, and 2124, seespectively).
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Figure 25: The Electrical Penetration Graph (EPG) was used to mahiéaturation of

feeding behavior&(A) and Kb) waveform in poato plant after EO treatment, results
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Potential drop GPA behavior related to intracellular punctures associated
with acquisition and inoculation of nguersistenviruses (PD) results shown

in (Figure 26.

The electrical penetration graph record during the first two hours showed
that EO treatmesthavea significant impact on PDFigure 26), lavenderoil
recorded the highest reading(@89seq compared with theontrol (37sec)
followed by Menthg Rosmary, Campbr, Bitter Cucumber Coriander,
Mustard, Sesame, Joj@bPomegranat Nettle, and Sagé162, 97, 88, 80,

75,71, 68,67, 50, 49, andskt, respectively.
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Figure 26. The Electrical Penetration Graph (EPG) was used to mahiéaturation of
feeding behavior©P waveform in potato plant after EO treatment, results represent

mean and Std of 8 replicates. Simikttersrepresent the same ingiaat P=0.00Q1.

4.45 The frequency of Aphids waveforms on first two-hour

recording

Figure27 illustratedthatduring the first two hour EPG recordingscludes
pathway and noprobing behavior. In pathway waveform (C) reported
significant impact on plats treated with all EO compared with control.

Although Thyme, Coriander, Eucalyptus  Sesame, Jojoba, Nettle,

50



Rosmary Lavencer, and pmegranad (68, 63, 39, 33, 31, 29, 27, 25, 18,

and 17 seg respectively conpared withcontrol (15 se¢. While in non

probing waveforms (NPho significant difference between all EO and

control.
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Figure 27. The Electrical Penetration Graph (EPG) was used to mathiédrequency

Figure28 showedtheresults of E1 (associated wisleve elemensalivation
or persistent virus inoculatigntreatments had no significant difference
51

of feeding behaviors NP and waveform in potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sinfdfiersrepresent the same impact at P

0.001.



compared with controlE2 (associated with sieve element sap removal).
There wasa significant betweendifferent plants treated, with EO and
control(1 seq., Jojoba, Sesam Corianderand Sage (8,3,2and 2 sec.,
respectivelyFigure28) Bitter cucumber, Mustard, EucalygtuCamphor,
Menthg and Lavender, prevented GRAve elemenbehavior for both E1

andE2.
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Figure 28. The Electrical Penetrationr&h (EPG) was used to monitiie frequency

of feeding behavior&l and E2 waveform in potato plant after EO treatment, results
represent mean and Std of 8 replicates. Sintgfiersrepresent the same impact at P=

0.001 The absence of identical chaexstdue to the absence of duplicates.

During the first two hoursrecording GPA xylem feeding (G) and difficulty

of penetration and the feeding dealing (F) have been shoy¥#igare 29.
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In (G) waveforma nonsignificant impact ofSageand Sesamé4.6 am
4seg compared with contrdB sec.Mustard Eucalyptus Pomegranateand
Lavenderdid not show any result when they are corspawith water

control (Figure 29.A)

EO treatments showe(Figure 29.B) a nonsignificant impact compared
with control on GPA pnetration difficulty and the feeding dealing (F).
Lavendr, Mentha, Nettle, Jojoba, and, Pomegrana& 29,27,24, and 24

sec. respectively).
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in potato plant after EO treatment,

. The Electrical Penetration GrapBRG) was used to monittine frequency
54

of feeding behavior$s (A) and F (B) waveform
results represent mean and Std of 8 replicates. Sikaitarsrepresent the same impact at

Figure 29
P=0.00L



Potential drop GPA behavior rédal to intracellular punctures associated
with acquisition and inoculation of nguersistent viruses (PD) results shown

in (Figure 30.

The electrical penetration graph record during the first two hours showed
that EO treatmesthave gynificant impact onPD (figure 30)lavender oil

recorded the highest reading of (62 sec.) compared with the control (35sec.)
followed by Lavender, Coriander, Mentha, Nettle, Jojoba, and Pomegranate

(54, 53, 47, 45, 41, and39 saespectively).
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Figure 3 OThe Electrical Penetration Graph (EPG)swiaedto monitorthe frequency of
feeding behaviors DRvaveform in potato plant after EO treatment, results represent

mean and Std of 8 replicates. Similatters represent the same impact at P00L
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44.6 The duration of Aphids waveforms on eighthour

recording

Figure 31 illustrated that during theeighthour EPG recording including
pathway and nonrprobing behavior In patlway waveform (C)reported no
significant impact on plant treated with all EO compared with control.
Although Coriander,Mustard, Sage, Jojoba, Thyme&esame, and Nettle
during the pathway behaviof1065, 9306, 8390, 7727, 5439, 52&nd
3566 seq respectively conpared with control(3380 sef but was not

significantly different.

Non-probing waveforms (NR)Nettle, Musérd, Rogemary, Menthg and
Bitter Cucumberrecorded the longest delay in GPA settling behaBasg,

5508, 3392, 2929, arzB40 se¢ respectivelyronpared with control.
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Qil
feeding behaviors NP and C waveform in potato plant after EO treatment, results

Figure 31 The Electrical Penetration Graph (EPG) was used to mahieaturatian of
represent mean and Std of ®lieates. Similadettersrepresent the same impact at P
Figure 32 showedtheresult ofE1 (associated witkieve elemensalivation

or persistent virus inoculatigrand E2 (associated with sieeéeement sap
removal). There waa nonsignificant dehy between plants treated with EO
and the control. Mustard Eucalyptus and lavender, prevented GPA sieve

element behavior for both E1 and E2.

0.001
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Figure 32 The Electrical Penetration Graph (EP&as used to monitdhe duration of

feeding behaviorsEland E2waveform in potato plant after EO treatment, results

represent mean and Std of 8 replicates. Sintdiersrepresent the same impact at P

During the first eight hoursecording GPAxylem feeding (G) and difficulty
of penetration and the feeding dealing (F) have been shoy#igare 33.
In (G) waveform significant impact ofPomegranateSesame, sage, and

0.001

30, and 29 sec., respectivatgmpared with contro(23

Mentha(323 37,

sec.) (Figure 33.A)However, Mustard, Eucalyptus, and Lavender prevented
GPA xylem feeding behavior (Figure 33.A) EO treatments shcavedn
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Figure 33 The Electrical Penetration Graph (EPG) was used to monitor feeding
behaviorsG(A) and F(B) waveform in potato plant after EO treaimeresults represent

mean and Std of 8 replicates. Simikttersrepresent the same impact at@e01.
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recorded the highest reading (766 sec.) compared with the control (476sec.)
1200

Potential drop GPA behavior related to intracellular punctures associated
with acquisition and inoculation of nguersistent viruses (PD) results s
The electrical penetration graph record during the first eight hours showed

that EO treatmesthaveasignificant impact on Pfigure 34 Coriander oil

followed by Lavender,

in (Figure 33.
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Figure 34: The Electrical Penetration Graph (EPG) was used to monitor feeding
behaviorsDP waveform in potato plant after EO treatment, results represent mean and

Std of 8 replicates. Simildettersrepresent the same impact at@eqL.



4.4.7 The frequency of Aphids waveforms on eighthour recording

Figure 35 illustrated that durng the first eight hour EPG recordings
including pathway and neprobing behavior. In pathway waveform (C)
reported no significant impact on plants treated with all EO compared with
control. AlthoughCoriander,Thyme, Jojoba, Sage anflesameduring the
pahway behavior 23, 145, 102, 97, and 83 se@spectively conpared

with controls(69se¢ but was not significantly different.

non-probing waveforms (NRho difference between all oilcompared with

control
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Figure 35. The Electrical Penetration Graph (EPG) was used to monitor feeding
behaviors NP and C waveform in potato plant after EO treatment, results represent mean

and Std of 8 replicates. Similkattersrepresent the same impacPat0.001.

Figure36 fowed results of E1 (associated wsilbve elemensalivationor
persistent virus inoculation) and E2 (associated with sieve element sap
removal). There waa nonsignificant delay between plants treated with EO
and control.Thyme Conander, Sesame, Sage, and Rosemary (9.6, 7.2, 5.7,
4.5, and 4.5 secrespectively(Figure 3§, While in (E2)sap removal(E2)

EO treatments had no significant difference compared with control (Figure

6 2



36). Mustard Eucalyptus and Lavender, prevented GP#eve element

behavior for both E1 and E2.
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Figure 36: The Electrical Penetration Graph (EPG) was used to monitor feeding
behaviorsE1 andE2 waveform in potato plant after EO treatment, restgpresent mean

and Std of 8 replicates. Similkattersrepresent the same impact aDR91

During the first eight hoursecording GPA xylem feeding (G) and difficulty

of penetration and the feeding dealing (F) have been shoy#igare 37.

In (G) waveforma nonsignificant impact of Pomegranate, Sesame, Sage,
Mentha (323, 37, 30, and 29 seespectively compared withcontrol (23

sec.) (Figure 37.A). However, Mustard, Eucalyptus, and Lavender prevented

6 3



GPA xylem feeding behavior (Figure 37.A) E@edtments showea
significant impact compared with control on GPA penetration difficulty and
the feeding dealing (F). Lavender, Sesame, Pomegranate, Eucalyptus,
Mustard, and Jojoba 91, 91, 89, 82, 76, and 70 sewspectivelyFigure

37.B).
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Potential drop GPA behavior related to intracellular punctures associated
with acquisition and inoculation of nguersistent viruses (PD) results shown

in (Figure 3§.

The electrical penetration graplkcordduring the first two hours showed
that EO treatmesthavea significant impact on PD (Figure 38 oriander
oil recorded the highest readind95 sec) compared with the control
(112%sec) followed by Lavende, Sage, Thym Jojoba, and sesan{&18,

115, 136 135, and 133ec, respectively.
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Figure 38 The Electrical Penetration Graph (EPG) was used to monitor feeding
behaviorsDP waveform in potato plant after EO treatment, results represeah and

Std of 8 replicates. Simildettersrepresent the same impact at@e01.
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5 Discussion

Potatoaphid is one of the mokarmfulinsectpests of fruits, vegetablesnd
ornamentalsvorldwide, The longterm applications othemicalinsecticides
have resulted inhigh residue accumulatioim the different environmental
components. They @ nontarget organisms, ecosystenand human
health. Therefore, essential oils (ECGs)m plant origins couldreplace

conventional insecticidggésman, 200Q)

Essentiaboil activity against aphid carried oun-vitro in this study showed
thata high percentage of Eidcreased plandry/ freshweight, higher plant
growth rateandhighernutrient contentin addition toits insecticidalimpact

on aphid.Resultsrevealed thatavender and thymevere highly toxic to
aphids This could bebecauseboth oils contained highpercentageof
linalool, and tlymol (Danh et al., 2013) Linalool, can inhibit
acetylcholinesterasia insect psts (Lopez & PascuaVillalobos, 2010) T.
vulgaris EO contained high amounts of thymol, a monoterpene phenol that
binds to possynaptic GABA receptors associated with chloride channels in
insects(Priestley et al.2003) When directly applied to aphids, the §C
values oflavenderand Thyme were very similar to those of linalool and
thymol, which suggested that the insecticidal activity of the EOs was mainly

due to their primary constituentSil of coriander(C. sativumL.), lavender
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(L. spical.), fennel €. vulgareMill.), oregano Q. vulgarel.), juniper .
communid..) and clove & aromaticum(L.) have shown stronmsecticidal
activity against cotton aphidithin 24 hours after treatme(Ebrahimi et al.,

2013)

Direct and indirectmechanisma of plant resistat pathwayswere usedto
suppress diseases andrease plant defensagainst pathogern(§habana et
al.,, 2017) Promoting induced resistar in plant sequel response to
pathogen attack, insegést rhizomicrobesor by treatment with chemical or
physicd agentgHarunOr-Rashid & Chung, 2017Previousstudes showed
that plans can activate many differésignaling pathwaythat depending on
the types of infectiorf{Walling, 2000) Resistance induction in plants was
associatedvith variable antimicrobial compounds such as oxidoreductive
enzymes like POX, PP@nd otherqdKolattukudy et al.,1992) However

the possible functions of peroxidases in plant resistant mechanisms remain
unclear (Datta et al.,1999) But severalother studies documented the
possible function that refeto POX and PPO. Oxidative enzymes have been
shown to beassociatedn oxidize phenolics and other metabolites and it
plays a key role in lignification dplant cells among defense mechanisms,
also it ha the ability for HO, degradation in plant cellszan Loonet al.,

1998). It could be concluded that the elicitor character may play a crucial

6 8



role in the efficacy performance of inducing resistance in plaies.current

data obtained agreed withe previous studiei& which organic compound
(VOC)-mediated induced res$eice against the sucking insect aphv,
persicae which had differences in their capability to activate induce
resstance in the same host plg8ong & Ryu, 2013)Othersreported that
regulatory mechanisms and pathways among PPO and POX are different
and it depend on thateraction between elicitors and host plaf8so et al.,

2008)

During EPG recordings including pathway wavefofo), Pomegranatand
Sage recorded the longest delay BPA settling behavior. In addition to
non-probing (np).Camphor, Jojobaand %ge recorded the longest delay in
potential drop(PD) settling behavior and delayansferof any potential of
nonpersigentand sempersistent viruss The longestdelay was recorded
for Sesame and Sageiring E1 (associated with sieve element salivation or
persistent virus inoculationandRosemary and Sagkiring E2 (associated
with sieve element sap removaRylem feeding (G) has théongestdelay
on Jojoba and Sagevhile the difficulty of penetratingplant by aphid and
the feedingdelaying (F) was recorded onMustard and Sage Mustard
created stylet puncture in all living celleelated to virus ingestion,

inoculatian, and acquisitionThe esultof the first time activities showed
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that Sage, Jojoba, amdustardhave a goodesultfor the longest delay in

aphidsettling behavior angdotentialviral transnission

Records of secontime behavior duringthe first two hows of the EPG
recordings pathway waveform @) of Bitter cucumber, Sageausedthe
longest delay inhesettling behavioof the aphidIn addition to nosprobing
(np), Bitter cucumber and Mentha recorded the longest delgotential
drop (PD) settling kehavior and delagf nonpersistent and serpiersistent
viruses transmissiorResultsof E1 and E2,Sesamgand Sage have the
highest recording time Xylem feeding (G) has the highesin Bitter
cucumber and coriandeand difficulty of penetration (Rvason Coriander

and Mustard It was found thatMustard and Eucalyptus created stylet
puncture in all living cells that's courses virus ingestion, inoculation, and

acquisition.

During the third time in thefirst two hour EPG recordings including
pathway wavefom (C) Eucdyptus Sage recorded the longest delay in
settling behavior. In addition to negrobing (np), the Bter cucumber and
Lavender recorded the longest delay in settling behavior and delay transfer
any form of a virus. Bsults of E1 (associated Wwisieve element salivation

or persistent virus inoculation) have the highest reading in coriander and E2

(associated with sieve element sap remova)e the highestor Jojoba.
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Xylem feeding (G) has the highestcordingin Mentha and Sage and
difficulty of penetration plat by aphid and the feedindelaying(F) caused
by Mustardand SageBoth oils created stylet puncture in all living cells
related to virus ingestion, inoculation, and acquisitioDuration and
frequency during the first twhour shoved that Eucalyptus, have a low
stylet puncture of nepersistent virus and plant damagéhile duration and
frequency during the eigitour shoved that Biter cucumberCamphor
Nettle, and Rosemary, have a low stylet puncture ofpesistent virus and

plant damage.

The current study described the EPG waveformsamiid feeding and
settling behaviarThe timeis takenby aphids to commence phloei@eding
(E2) was significantly different between plariteatedwith the different
essentiabils. The greatethe E1/E2 salivation by viruliferous vectors tme
plant will promote virus inoculation, thus th@obability of transmission
increased as a function of time spent salivating into the phlbtreover
transmission occurred as quickly as 5 nfian the nonpersistent virus
Previous studies have reported increased salivatiorRbyadi before
sustained sap ingestion on nitrog@eficient barley(Ponder et al.2001)
and byM. persicaeon mutant Arabidopsis plants whidad reduced levels

of amino acids(Hunt et al., 201Q)thus suggestingthat salvation is an
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important part of improving plant nutritional quality for aphids. It is also

known that aphid saliva contains proteins designed to overcome plant
defensessuch as forisomeand callosesealing of sieve tubegWill et al.,

2009) Furthermore, th@D frequencyincreasedduring the stylet pathway

phase in plantgeatedwith essentiabil, despite théencrease of theuration

of thepathway.PD represent puncturing of cells along the stylet pathway; as

the stylet breaches the plasma membrane placing the gold wire within the
silver droplet on the insectdos abdome]
insect movements:ailing o perform tlose steps correctly will result in poor

electrical connectivity, which will result in data of poor or unacceptable

quality as well agifficulty feedingdelay.
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6 Conclusion and recommendation

This study investigated the role of medidipdant oils in inducing potato
resistance systems against aphid pesartler to alternatephid chemical
control with insecticides. This opga wide door tdheuseof essential oil as
anenvironmentally friendly method against aphildssuggestd using high
numbes of oil type to confirm the ability of essential oil to induce plant
resistanceSuch essential oils could interfere with the settling and feeding
behavior of saffeeding insects such as aphids. Delaying the first
encounters to plant tiges would enhanctne loss of norpersistent virus
found in aphid moutlpart before being injected in healthy plant tissue.
Prolonging the searching behavior andetainng aphid from reaching
phloem tissugwould also enhance losing the sgpeirsistent angersistent

viruses injected byiruliferousaphids.
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