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ABSTARCT

The insecticidal activity of essential plants @lgainst an important insect pest of fruit trees, thiry
rose beetle, was evaluated in topical and feedppdi@ations in the laboratory. Essential oils thatised
more than 50% mortality were further tested agathst hairy rose beetle and the honey bee using
different concentrations and their relative toxestwere evaluated. Results showed that eucalyidl

fir oils outperformed other tested oils and caus2dand 64% mortality, respectively. These moriditi
were not different from the application of the cosarmal insecticide, Deltamethrin. Moreover,
eucalyptol and fir oils were more toxic to the lyaiose beetle than the dominant pollinator duringtf
trees flowering, the honey bee. However, eucalypia$ relatively safer to the honey bees than fir oi
These findings indicate that eucalyptol might bpleggl during fruit trees bloom to control the haipse
beetle even in the presence of honey bees if umeithé crop pollination.
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1. INTRODUCTION Control of the hairy rose beetle is difficult and
depends on the application of insecticides. In taoidito
The hairy rose beetlélropinota squalida (Scoploi) the known hazards of pesticides on humans and the
(Coleoptera: Scarabaeidae) is one of the majorspefst environment, their application during plant flowegiis
fruit trees and ornamental plants. The adult irssect restricted due to the abundance of pollinators dioig
oviposit in the soil where the hatched larvae feed the plants for pollen and nectar such as honey bees
decaying organic matter. Pupation takes placedrstii in ~ (Schmeraet al., 2004). Therefore, the development of
an oval chamber constructed from soil particlesthatend ~ NéW and ecofriendly control methods is essential fo
of the pupation period, the adults, ecdyse butireinaheir ~ "€ducing the damage caused by the hairy rose beetle
chambers for the next year (Hussigral., 2005). In the while preserving the pollinators. _ . .
Mediterranean region, adult emergence from theosaoilirs I;Iants a(rjgﬁ regzt;lrded_ tas ]E)|olr?g|c_al lfacto"rles. that
in late January and continues through the springtimso produce a different variety of chemicals colledyve

. a o aul h referred to as secondary metabolites (Kdrmal., 2005).
(Hussieret al., 2005). After emergence, adults move 0 the gg.ondary metabolites were considered a cornee ston
host plants flowers for feeding and reproductiome T

- ! natural plant defense against pest attack. Plesgndial
beetles feed on the reproductive parts of the fisywmainly  ojls are one of the major groups of secondary noditats

pollen and stamina (Totét al., 2009). Severe economic that have been the focus of commercial developrasnt
damage results from the destruction of the flower's natural insecticides. Some essential oils were used
reproductive parts and lack of sufficient fruit.set against many pests, particularly greenhouses, dames
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as veterinary insects and diseases (Isman, 2006)the corresponding oil using a potter spray tower
Botanical pesticides including essentials oils are (Burckard Scientific, UK). Control treatments were
characterized by low mammalian toxicity, reducefeaf applied first and the tower was washed with sterile
on non-target organisms and short persistence én thdistiled water between applications to avoid any
environment (Isman, 2006; Georggtsal., 2007) making ~ carryover effect. After treatment, the treated dtsevere
them potentially preferable for incorporation in left in the petri plates until the end of the ahetived
integrated pest management programs (Al-Alawi, 2013 Period to make sure that they did not die during
Therefore, the current study evaluated the inseatic ~ @pplication and were then placed in 250 mL traresqar
activity of six essential plant oils for their teity  Plastic cups covered with fine mesh. Honey beesctd
against the hairy rose beetle and the honey bpis ~ Pollen grains mixed with 50% wt/wt sugar syrup were
mellifera which is abundant in fruit trees orchards during Provided for the beetles for feeding. The cups aioing
flowering. Evaluation of insecticidal activity isne of t+h2e mzects (\;V(are tlflwen plap%d In a %rovvthfcgan&bﬁafﬁﬁ
the primary steps in discovery and development OfB ?In g}t - P OtoDeé'od'dN.lIJmf erZé) ea;. asg r
botanical insecticides. Developing botanical insis el'? e adults were recorded dally for 4 d. postiegton.
that are effective against the pest but safe fonans, A hairy rose beetl_e adul_t was c_onS|der_ed deadditlitnot

. X . ; move after probing with a fine hair brush. Another
polhngtors and other useful organisms is crucia f bioassay was carried out using feeding applicatistead
sustainable pest management. of topical application. In the feeding bioassag thsects
were starved for 12 h. then placed in the 250 mL
2.MATERIALSAND METHODS transparent plastic cups supplied with oils wereeahi
. . with 10 g of the pollen and sugar syrup. Again, ittsects
2.1. Plant Essential Oilsand I nsects were fe% with Ft)he same oi?s ar¥d F3:ongentrations and

Six plant essential oils were evaluated for thefidity incubated as above. For both topical and feeding
against the hairy rose beetle. They were cinnamonpioassays, there were 5 replicate groups of inseath
eucalyptol, fir, pine, thyme and rosemary oils. Thsted  containing 10 adults for each oil as well as thetrads.
oils were supplied from the manufacturer (Sigmariéh Depending on the results from the previous bioassay
EU) as pure oils with at least 95% purity. oils that caused more than 50% mortality were tedefor

Adults of the hairy rose beetle were collected from further trials. The selected oils were eucalyptal &r oils.
apple orchards in Ashoubak region located 220 kathso  The toxicity of these two oils was evaluated asvabo
of Amman. This region comprises the main apple againstthe hairy rose beetle adults and the hoeeyat four
growing area in Jordan. The collected beetles wepg  different concentrations. The concentrations wefg 50,
in 2L. Glass jars covered with fine mesh for aerati 15 and 20% wt/wt. the mortality of both the hainse
until used in the bioassay. Honey bee collectedeRol beetle and the honey was recorded 4 d. post afiptica
grains mixed with 50% wt/wt sugar syrup were predd Again, a negative control consisting of sterilitiésl water
for the beetles for feeding. Honey bees were cltec amended with 1.0% wt/wt dimethyl sulfoxide was uted
from hives maintained in the bee laboratory at Ale’ in the test. There were 5 replicate groups of isseach
Applied University. The honey bees were collected containing 10 adults for each oil/concentration bivation.
shortly before the bioassay trials and used imntelgia 2.3 Statistical Analysis

The assumptions of model for Analysis of Variance

Groups of ten hairy rose beetle adults were rangoml (ANOVA) were tested using PROC univariate, residual
selected from the collected insects. Each group wasanalysis. When assumptions were not met, the data w
randomly assigned to an oil treatment. The treatmen transformed. Percentage mortality of the hairy rose
involved testing six oils at a concentration of beetle adults were corrected using Abbotts formula
10.0%wt/wt in sterile distilled water amended witi0% (Abbott, 1925) then arcsine square-root transformed
wt/wt dimethyl sulfoxide. The tests also includedot  before subjecting to two way ANOVA (SAS, 2002).
controls: The insecticide, Deltamethrin as a pesiti Means were separated using the Student-Newman-
control and sterile distilled water amended wit@%. Keuls test (SNK) multiple range test. Lethal Time
wt/wt dimethyl sulfoxide as a negative control. &ef (LT50) and bioassay trials with oils at different
oils application, the groups of insects were plated concentrations were analyzed by Porbit analysis§SA
refrigerator at 4°C for 10-12 min. to anesthetihent 2002). The type | error rate was set at 0.05 Iémehll
during application. The anesthetized insects whent tests. Mortality data were back-transformed to rthei
placed in sterile petri plates and sprayed topicaiith original scales for presentation in tables.

2.2. Bioassay with Oils
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3.RESULTS eucalyptol and fir oil. However, mortality due toyme
oil was significantly higher than rosemary, cinnanamd
Analysis of variances showed no interaction betweenpine oils Table 1). For feeding application, all the oils
the type of oil and the application method. However as well as Deltamethrin resulted in mortalitiess |ésan
significant differences were found due to oil tygred the ~ 50%. The highest mortality among oils was achieled
application method. For topical application, eupédy feeding the insects with fir oil followed by rosemail
resulted in the highest mortality among the testedwith no significant difference among them. Moreqver
essential oils followed by fir oilTable 1). Mortalites ~ results showed significant difference in mortalit/the
resulted from eucalyptol and fir oil were not sigrantly ~ hairy rose beetle due to application method for
different from the mortality resulted from the agption Deltamethrin, eucalyptol and fir oil but not foethest of
of the insecticide Deltamethrin. Thyme, rosemary, the tested oilsTable 1). In terms of speed of causing
cinnamon and pine oils resulted in mortalities ltsm mortality which is expressed as thesh{Lethal Time to
50%. These mortalities were significantly lower rtha kill 50% of treated hairy rose beetles), no siguaifit
those resulted from eucalyptol, fir oil and Deltaimz.  differences were found between the eucalyptoland fi
Thyme oil caused mortality of 40% which was oOiltreatments. The Lg for eucalyptol was (1.3 d) while
significantly lower than the mortalities caused by for fir oil was (2.1 d) Table 2).

Table 1. Effect of plant essential oils on the hairy rosette adults using topical and feeding applications

Mean mortality percent + S.E.

Tested material Topical application Feeding apfibbca
Deltamethrin 82*a+5.8 48*a+3.5
Eucalyptol 72*a+5.9 21*bc+4.0

Fir oil 64*a+6.8 41*a+5.3

Thyme oll 40b£7.1 24bct4.2
Rosemary oll 20ct5.5 33ab+5.1
Cinnamon oll 16¢c+4.0 14c+3.7

Pine oil 12¢+2.0 18c+6.1

Means within columns with different letters or beam columns with asterisks are significantly déferat 0.05 level using Student-
Newman-Keuls test (SNK) multiple range test

Table 2. Lethal Time (LT and lethal Concentration (ls§) of hairy rose beetle adults treated with two esisé oils at
different concentrations

Lethal time in days Lethal concentration
(o] LTso Lower CL Upper CL LGy Lower CL Upper CL
Eucalyptol 1.3 0 1.8 7.2 6.0 8.3
Fir oil 2.1 1 3.3 8.6 7.2 10.1

Lethal Time (L) and lethal Concentration (56} with overlapping 95% Confidence Limits (CL) is rsgnificantly different

Table 3. Lethal Concentration (Lfg) of honey bee adults treated with two essentialatidifferent concentrations

(o] Lethal concentration L& Lower CL Upper CL
Eucalyptol 18.2 145 33.8
Fir oil 14.0 11.8 17.8

Lethal Time (L) and lethal Concentration (56} with overlapping 95% Confidence Limits (CL) is rsgnificantly different

Table 4. Relative toxicity expressed as toxicity ratio beawé ethal Concentrations (g of honey bees and hairy rose beetle

Eucalyptol Fir ol

Hairy rose beetle Honey bees Hairy rose beetle nebibees
Hairy rose beetle 1.0 2.53 1.00 1.63
Honey bees 0.4 1.00 0.61 1.00

Relative toxicity is calculated by dividing the et concentration L& for hairy rose beetle or honey bees in the rowhsy
LCsgin the column
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Based on the above results, eucalyptol and fir oilsoryzae (Leeet al., 2001), Lasoderma serricorne (F.)
were selected for further evaluation. Concentration (Hori, 2003). Because eucalyptol and fir oil resdlin the
dependent experiments showed that thes,L(ethal highest mortalities among the tested oils, theyewer
concentration to kill 50% of treated hairy rose thes selected for concentration response analysis. arfasysis
were not significantly different between eucalypéwid showed that eucalyptol killed 50% of the treateidyhase
fir oil treatments. The Lg for eucalyptol was 7.2%  beetles within 1.3 days (Is§ = 1.3). The rapid action of
while the LGy, for fir oil was 8.3% Table 2). the oil might suggest a neurotoxic mode of actidome

The effect of eucalyptol and fir oil on honey essential oils have shown to act by activation of
beespresented iMable 3 showed that the Lg for octopaminergic receptors in stored product insexstg
eucalyptol was 18.2% while the Egfor fir oil was 14%. (Kostyukovsky et al., 2002). Further concentration
No significant differences were found between the oils response analysis showed that 50% of the beetles we
in their effect on honey bees. By comparing theglsCof killed at a concentration of 7.2% (k&= 7.2). Generally,
eucalyptol against the hairy rose beetle and aghosey  the chemical composition of plant essential oilspdses
bees, results showed that 4Gor eucalyptol against the complex mixtures of monoterpenes, phenols and
hairy rose beetle is significantly lower thand,@®r honey ~ sesquiterpenes. The major constituent of eucaigptioe
bees. Similarly, the L& of fir oil against the hairy rose monoterpene 1,8-cineole which is known for its
beetle is significantly lower than the Lf fir oil against ~ insecticidal activity (Isman, 2006; Rattan, 2010).
honey bees. The relative toxicities for the hairger beetle Current control of the hairy rose beetle in frugets
and honey bees (lgof honey bees divided by kgof ~ orchards relies primarily on the application of rwineal
hairy rose beetle) were 2.53 and 1.63for eucalygtdl fir insecticides. Chemicals are harmful for pollinatsush as

oil, respectively Table 4). honey bees which are abundant during the blooming
period of the trees (Schmeehal., 2004). Although oils
4. DISCUSSION are generally regarded as ecofriendly pesticides, t

development of a rationale insecticide against ey

possess insecticidal and repellent activities agamange  Pollinator during apple bloom, the honey bee. Tieee
of insect pests (Isman, 2006) as well as animaiqozns the insecticidal effect of the two selected oilscadyptol
(Mansouret al., 2014). The current study evaluated the @nd fir oil, against the honey bee was evaluatdie T
insecticidal activity of six plant essential oilgainst the  toxicity ratio of eucalyptol for the hairy rose tieeversus
hairy rose beetle in an attempt to develop enviemtailly ~ honey bees was (2.53). Therefore, eucalyptol is and
benign control methods. Eucalyptol and fir oil fesiin  half folds more toxic to honey bees than to theyhaise
mortalities more the 50%. The results also inditatet ~ beetle. While, the toxicity ratio of fir oil the ing rose
eucalyptol and fir oil were as effective as thetags Deetle relative to honey bees was (1.63) indicatuag fir
insecticide. Deltamethrin is the insecticide useicharily ~ Oil is nearly 1.5 times more times toxic to therjabse
for the control of the beetle in the apple growiagion in ~ beetle compared to honey. Therefore, eucalyptohniig
Southern Jordan. The insecticidal activity of eyoll  regarded safer for honey bees compared to fir oil.

was previously demonstrated against several creps.pe Essential oils from medicinal plants have been
Eucalyptol showed strong fumigant efficacy against traditionally used as fragrances and as food aediti
greenhouse pests such as the spider rfiganychus When used as crop protectants, essential oils aethpga
cinnabarinus (Attia et al., 2012). Additionally, eucalyptol ~chemicals insecticides are regarded as safer and
was effective against the housefMusca domestica L. environmentally benign products. Most essentiad aile
and the blowfly Chrysomya megacephala (F.) with an ~ mostly nontoxic to mammals, birds and fish, hawetéd
LD50 of 118 and 197 ug/fly, respectively. Furtherejo  persistence in fresh water and soil and pose ndues
eucalyptol reduced the adult longevity of both sgec concerns (Isman, 2006). Therefore, essential oitghtm
(Sukontasoret al., 2004). Very little is known about the provide a viable alternative for harmful insectesd

toxicity of fir oil to insects and this might beetHirst

record to show its efficacy against insect pest® dther 5. CONCLUSION
tested oils showed mortality less than 20% indicatheir
ineffectiveness in killing the hairy rose beetleept for The current study demonstrated strong insecticidal

thyme oil which showed 40% mortality. Thyme oil activity of eucalyptol and fir oils against the fyarose
insecticidal and repellent activiies have been beetle. These essential plant oils were as toxicgtansect
demonstrated for many Coleopteran pests such agest as the commercial insecticide Deltamethrinchviis
Tribolium castaneum (Clementt al., 2003), Sitophilus  used by growers for the control of the insect. Bytal
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was relatively safe to the dominant pollinator dgrpome  Isman, M.B., 2006. Botanical insecticides, detesemd

and stone fruit bloom, the honey bees. Plant eisseils repellents in modern agricultural and an incredging
tested in the current study constitute an essep#iel of regulated world. Ann. Rev. Entomol. 51: 45-56.
food flavoring and used as food additives in maantspof DOI: 10.1146/annurev.ent0.51.110104.151146

the world which. Insect control measures baseda@ s Kim, H.G., J.H. Jeon, M.K. Kim and H.S. Lee, 2005.

substances might be easily accepted and adopted by pharmacological ectsofasaron aldehyde isolated
growers. Therefore, eucalyptol has the potentialbéo from Acorusgramineusrhizome. Food Sci. Biotech.
developed as a bio-rationale insecticide agairestheiry 14 685-688.

rose beetle. Although the insecticidal activityeotalyptol Kostyukovsky, M., A. Rafaeli C. Gileadi, N.
was clearly demonstrated in the current studycady Demchenko and E Shaaya’ 2002. Activation of
evaluation under field conditions is crucial before octopaminergic réceptors 'by éssential oil

development of this essential oil as a botanic#dticide. constituents isolated from aromatic plants: Possibl

mode of action against insect pests. Pest Manag.
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